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ABSTRACT
Mistletoe is one of the most widely used and studied complementary medicines for the treatment of
cancer patients. It is one of the most prescribed drugs for cancer in German-speaking Central Europe
and has been in use since 1920.
Among all the active ingredients of mistletoe extracts, mistletoe lectins (ML) and viscotoxin have
shown antiproliferative or growth inhibition activity against a variety of cancer cell lines.
Interestingly, this growth inhibitory property is not universal and different studies have shown that
mistletoe extracts may or may not inhibit cell growth and may even induce cell proliferation
depending on preparation, presence of multiple low molecular compounds of unknown activity and
concentration of mistletoe extract, as well as the type of cell line used.
Clinically, mistletoe extract has been widely used for the treatment of gynaecological and breast
cancer patients, administered via subcutaneous or intravenous injections as an adjuvant to
conventional chemotherapy. A systematic review of clinical studies examining the effectiveness of
mistletoe extract in these patients has found some positive effects. Incorporation of mistletoe extract
(Viscum album, VA) as an adjuvant therapy in cancer treatment has been shown to improve the
prognosis and quality of life of the patients by enhancing the antitumour response, strengthening the
immune system, and reducing the side effects of mainstream chemotherapies. Patients treated with
VAQ (mistletoe extract from the oak tree), had increased survival rates and improved quality of life,
linked to leukocytosis and prolonged tissue-associated eosinophilia. Eosinophil infiltration at the
tumour site is not associated with other mistletoe extracts, suggesting that eosinophils may play a role
in the anti-cancer activity induced specifically by VAQ treatment.
Most studies on mistletoe have focussed on its effects as an adjuvant, but in isolated cases in humans
and animal models, mistletoe extracts and ML have shown promising anticancer functions due to
direct cytotoxic and apoptotic effects.
Malignant melanoma is one of the leading causes of death from cancer in Australia. There are only
limited clinical studies looking into the efficacy of mistletoe extracts on malignant melanoma with
confounding results. While one multicentre epidemiological cohort study involving 686 patients with
intermediate to high-risk malignant melanoma who received long-term adjuvant treatment with
mistletoe extract (VAL) showed significantly improved survival, another phase III trial involving 830
patients with high-risk primary melanoma and lymph node metastasis showed no difference between
immunotherapy and mistletoe extracts. Preclinical studies in a mouse model have shown a better
outcome. In one study, ML reduced melanoma growth and spread in a severe combined
immunodeficiency (SCID) mouse xenograft model. In another study, triterpenoids from mistletoe had
enhanced anti-tumour effects on murine B16F1 melanoma in C57/Bl6 mice. Interestingly, in the
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SCID mouse model, a lower dose of ML was more effective in reducing tumour size and metastatic
deposit compared to higher doses. In-vitro studies examining the effect of mistletoe extracts on
melanoma cell lines have also yielded variable results. In one study, low dose lectin stimulated cell
proliferation instead of inhibition in the malignant melanoma cell lines SK-MEL-28 and HT-144 but
not in Malme-3M and C32.
Taken together with data from the Simson group, it is clear that VA and ML have high potential as
complementary treatments. However, given some of the confounding data (described above) it is
important to understand the cellular mechanisms that underlie the clinical symptoms in order to
enable the most appropriate use of VA/ML.
The overall aim of this study was to investigate VA-mediated inflammation and immune modulation
in-vivo with respect to tumour eradication, focusing on the role of eosinophils in these processes. The
specific aims addressed in the study were to investigate the:
1. Role of VAQ and ML in reducing tumour growth, survival and metastasis.
VAQ and ML both significantly reduced transplantable melanoma (B16F1) growth as well as
metastasis to the lungs in male Black6 mice (C57/Bl6). VAQ and ML not only reduced melanoma
growth but also significantly improved survival rate of the mice. Reduced subcutaneous melanoma
was associated with increased eosinophil accumulation at the tumour site compared to the untreated
controls.
2. Molecular mechanism underlying the tumour reduction role of VAQ and ML
The study was further expanded to find out the possible molecular mechanism for melanoma
reduction by investigating the effects of VAQ and ML on B16F1 growth proliferation in-vitro. Both
VAQ and ML showed significant growth reduction of B16F1 in-vitro compared to untreated cells.
These compounds also caused significant apoptosis of B16F1 cells and decreased CD47 expression by
the B16F1 cells. This is the first study to look into the role of VAQ and ML on CD47 expression in
the B16F1 cell-line. CD47 is a “marker of self” which prevents effective phagocytosis and also
induces apoptosis. These in-vitro results indicate that effects of mistletoe extracts on tumour growth
are multifaceted from induction of apoptosis to enhanced phagocytosis.
3. Role of eosinophils in the anti-tumour effects of VAQ and ML
One of the aims of the study was to investigate the role of eosinophils in solid tumours and possible
effects of mistletoe extracts on eosinophils. B16F1 cell lines, when co-cultured with eosinophils
treated with VAQ or ML, showed reduced cell growth compared to those co-cultured with untreated
eosinophils. Ex vivo treated eosinophils also showed increased Major Basic protein (MBP)
degranulation compared to untreated eosinophils. MBP and other eosinophil granules are toxic and
have shown the ability to kill cancer cells in various studies. One of the ligands for CD47 in myeloid
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cells, including eosinophils, is signal regulatory protein alpha (SIRP-α). SIRP-α is an inhibitory
regulator of myeloid cells. Ligation of CD47 and SIRP-α has been implicated as one of many
mechanisms by which tumours escape immune surveillance and clearance. This study showed for the
first time that in-vitro, VAQ and ML reduce expression of SIRP-α by the eosinophils. These results
suggest that VAQ and ML may enhance the eosinophil mediated anti-tumour response by reducing
inhibitory signalling pathway response and by enhancing the secretion of toxic proteins.
To further establish the role of eosinophils in solid tumours, B16F1 cells were implanted in IL 5
transgenic (C57/BL6-IL5+/+) male mice which have 30-40% eosinophils in contrast to wild type Black
6 (C57/BL6) mice which have only 3-5% eosinophils. C57/BL6-IL5+/+ mice showed significantly
reduced melanoma growth compared to the C57/BL6 mice. Immunohistochemistry (IHC) staining for
MBP showed increased degranulation in C57/BL6-IL5+/+ mice compared to wild type mice.
In conclusion, results from this study suggest that mistletoe extracts have the ability to reduce tumour
growth and improve survival through complex, multifaceted mechanisms including direct cytotoxicity
as well as the promotion of apoptosis and phagocytosis. Findings of this study also suggest that
eosinophils are capable of exerting anti-tumour responses and VAQ and ML may improve immune
surveillance by eosinophils by increasing degranulation and reducing the inhibitory signalling
pathway response through reduction of CD47and SIRP-α expression.
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Literature Review
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1.0 Literature Review
1.1 Mistletoe
1.1.1. Background
The word “Mistletoe” is generally applied to semi-parasitic plants comprising of more than
thousand species belonging mainly to Loranthaceae, Viscaceae and Eremolepidaceae
families [1]. Mistletoe is a slow growing perennial evergreen plant that does not grow on soil
but attaches to host trees through its haustorium [1]. Sexually it is dioecious, that is, male and
female flowers are found on separate mistletoe bushes [1]. Mistletoe is native to Europe,
Africa, Asia and USA but the white berry mistletoe is most abundant in Europe. European
mistletoe is scientifically known as Viscum album (VA) because of the colour and sticky
nature of the berry [1]. European mistletoe or VA grows on a number of host trees mainly
oak, apple pine, ash, hawthorn, lime, larch, and cedar of Lebanon [2].
1.1.2. Historical Perspective
History of mistletoe, especially European mistletoe, goes back more than a thousand years [1,
2]. It is well documented in Greek and Scandinavian mythology for its power to kill and
resurrect the god “Bakder”[2]. In pre-Christian Europe, mistletoe from oak trees was
considered the supreme of all mistletoe, regarded as a “cure all”, and was used as a charm
against all kinds of disaster and ill-health [2]. Proof of mistletoe use for medicinal purposes
can be found in documents as old as the 9th century, where it was mentioned by an Arabic
doctor as a suitable medication for mouth cancer and stomach ulcer [2]. It has been
mentioned in folk medicine for menstrual disturbances, hypertension, headaches, diabetes,
and infertility, among many others for centuries [1, 2].
1.1.3. Mistletoe, Rudolf Steiner and Ita Wegman
In the early 20th century Rudolf Steiner (1861-1925) popularized the use of mistletoe in
cancer [3]. He is the founder of anthroposophy, a theoretical viewpoint that blends spiritual
and scientific principles and applies them for better management of patients with cancer [3].
He believed that a human body is subjected to various forces (lower organizing forces and
higher organizing forces). While “higher organizing forces” control and organize cell growth,
promoting healthy status, activation of “lower organizing forces” results in disease and
abnormal cell growth culminating in cancer [3]. He also believed that the balance between
these two forces determines an individual’s susceptibility to disease and a serious imbalance
may lead to development of cancer. To him, mistletoe has a number of characteristics that
suggested it could resist natural forces; e.g. it grows on another plant instead of soil but it
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lives in harmony with its host tree. He therefore hypothesized that mistletoe preparations
could restore the harmony of the body by resisting the “lower organizing forces” and by
restoring the “higher organizing forces” deficient in cancer patients [3]. His perspective
inspired one of the first anthroposophical physicians, Ita Wegman (1876-1943), to develop
the drug for commercial purposes. Her motivation led to marketing the first mistletoe
preparation ‘Iscar’ in 1920 and now after nine decades, mistletoe therapy has become the
best-known, most commonly prescribed and popular anthroposophical therapy for cancer in
German speaking central Europe [2].
1.1.4. Active Ingredients
Currently there are different VAE (Viscum Album Extract) preparations available in German
speaking European countries [4]. European mistletoe extracts for clinical application are
made from plants grown on different host trees [5]. Depending on the host tree, extracts from
European mistletoe or VAE are designated as VAQ (Viscum album Quercus or mistletoe
growing on oak tree), VAP (from pine tree or Pinus), VAM (from apple tree or Malus) or
VAA (from fir tree or Abies) [3] (Table 1). Shoots, leaves and berries of mistletoe are
collected for preparation of the medicine [6] and the extract is prepared either using aqueous
extraction techniques partly combined with fermentation, or by specially constructed pressing
procedures [4] (Appendix 1&2). Depending on the host tree, harvesting time and extraction
procedure, VAE vary in regard to their active compounds and biological properties [4].
Besides the white berry European mistletoe (EM), yellow berry Korean mistletoe (KMC) is
also used in herbal medicine. KMC is a subspecies of European mistletoe known as Viscum
album var. Coloratum and grows on oak trees [7].
Table 1: Host trees of Viscum album used in Medical Preparations.[8]
Host tree
Apple
Ash
Almond
Birch
Elm
Fir
Hawthorn
Lime
Oak
Pine
Poplar
Willow

Latin name
Malus
Fraxinus
Amygdalus
Betula
Ulmus
Abies
Crataegus
Tilia
Quercus
Pinus
Populus
Salix

Abbreviation
M
F
Am
B
U
A
C
T
Qu/Q
P
Po
S
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Mistletoe extracts are complex multi-component mixtures, which contains various
biologically active substances such as glycoproteins, in particular, the mistletoe lectins (I, II
and III), polypeptides (viscotoxins), peptides, amino acids, and oligo- and polysaccharides,
enzymes, triterpene, fats, flavonoids, phenylpropanes, lignans, alkaloids and sulphurous
compounds [1]. Of all the ingredients, mistletoe lectins and viscotoxin are the two most
important, which have been shown to have pro-apoptotic and cytotoxic properties against
cancer cells [4, 6, 9, 10]. In addition, VAE application has been shown to improve immune
parameters in-vitro as well as in-vivo [11-13].
Mistletoe lectins
There are three mistletoe lectins which have been isolated to date, mistletoe lectin (ML)-1,
1.1.4.1.

ML-2 and ML-3 [14, 15]. MLs are glycoproteins belonging to class II ribosome inactivating
proteins (RIP) [14-16], about 63kDa in size and consist of two polypeptide chains (subunit A
and B) connected by a disulphide bond [15, 17] (Fig 1.1).
Figure 1.1 X-Ray Crystallographic Structure of Mistletoe Lectin

Fig 1.1: X-Ray Crystallographic structure of Mistletoe lectin (ML) showing active subunit (A) in green and
binding subunit (B) in yellow. Active site (red) on catalytic subunit (A) is responsible for RNase activity.
Subunit-B is responsible for ML binding with cell surface galactose through galactose binding site I and II
(purple ball and stick in the yellow) prior to internalisation of subunit A to inactivate RNA through its catalytic
property. Ref: http://journals.iucr.org/f/issues/2005/01/00/en5086/index.html
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Although all three MLs are highly homologous at their 30 N-terminal amino acids, it is still
not clear whether they are products of the same gene [17]. Subunit B is the binding unit with
specificity for galactose (ML-1) or N-acetylgalactosamine (ML-2) or both (ML-3) present on
cell surface allowing receptor-mediated endocytosis of partially unfolded lectin [17-19]. It is
suggested that following endocytosis, MLs are transported to the Golgi complex then to the
Endoplasmic Reticulum (ER), undergoing further unfolding and reduction of disulphide bond
to be finally released in the cytoplasm [15, 19]. Once in the cytoplasm, the partially unfolded
subunit-A inhibits protein synthesis by hydrolysis of N-C glycosidic bond of a specific
adenine residue present in eukaryotic 28S rRNA [6, 15, 19]. How a specific adenine is
recognised by MLs is not yet understood [15] but the release of adenine from the ribosome
would lead to loss of maturation and structural integrity of the ribosome resulting in a failure
to meet the demand of protein synthesis, especially when demand is high [20].
1.1.4.2. Mistletoe Viscotoxins

Mistletoe viscotoxins (VT) are basic proteins of 46 amino acids belonging to the type III
thionin [21, 22] family (Fig 1.2). There are six isoforms, but important VTs, which have been
isolated from mistletoe extract are designated as VT A2 (VtA2), A3 (VtA3) and B (VtB)
[22].
Figure 1.2 X-Ray Crystallographic Structure of Viscotoxin A2, A3, and B

Figure 1.2: X-Ray crystallographic structure of three viscotoxins A2, A3, and B present in ML. ML
viscotoxins are small basic polypeptides with high cysteine content. Chemically they belonged to the thionin
group of protein and are composed of 46 amino acids. Mistletoe Viscotoxins exhibit a high degree of amino
acid sequence similarity, but a discrete change in the 3D shape is responsible for the difference in individual
responses towards cell surface interaction. (Source: http://www.rcsb.org/pdb/home/home.do)
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Cationic VTs bind with the negatively charged membrane phospholipid through electrostatic
interaction which results in increased fluidity of the cell membrane, pore formation and
leakage [21-23]. All these changes together with increased calcium ion [Ca++] influx and
phospholipase A2 activation leads to lysis of the cell membrane [23].

1.1.5. Mistletoe and Cancer: In- vitro Studies
Although mistletoe has been used for cancer along with common chemotherapy for the last
nine decades, its role in cancer is still not established beyond doubt [12, 24]. The
antiproliferative or growth inhibitory capacity of different VAs, ML and VTs has been tested
in more than 100 cell lines in-vitro [4, 5, 9, 25, 26]. Three of the studies which tested VAs
against a large number of cancer cell lines in-vitro found that it inhibited the growth of the
most of the cell lines tested [5, 9, 25]. Maier and Fiebig (2002) tested the effects of VAs from
different sources (VAP, VAA, and VAM) against 16 cell lines and Kelter et al., (2006)
(2007) tested VAs against 64 human tumour cell lines comprising of colon, lung, breast,
pancreatic, prostate, renal cancer, melanoma and leukaemia cell lines [5, 9, 27]. These studies
found that VAs were antiproliferative against most of the cell lines tested. Kelter et al..
(2007) found that leukaemia cell lines were most susceptible to VAs while according to
Maier and Fiebig (2002) VAs were most effective against breast cancer cell lines MAXF
401N [5, 9].

In 2009 Kienle et al., in their review article reported that VA has

antiproliferative and cytotoxic effects against 38 different gynaecological and breast cancer
cell lines in-vitro [4]. Interestingly reported IC50/IG50s for VAs varies from 6.8µg/ml to
1mg/ml. Similarly, reported IC50/IG50 for ML differ between studies; varying from
0.01ng/ml to 4µg/ml, highlighting the selective efficacy of VAs and MLs against different
cell lines [4, 5, 9, 25]. In contrast to most studies, Gabius et al., (2001) found that low-dose
ML-1 (50-70 pg/ml) increased the proliferation of two melanoma and three sarcoma cell lines
tested in-vitro [26]. Kelter et al., (2007) also reported that although VAs were able to inhibit
the growth of 37 out of 38 cell lines tested, VAM increased the growth of colon cancer cell
lines HCC2998 instead [5].
1.1.5.2 In-vivo and Clinical Studies

VAs and MLs have been tested extensively in animal models (Table2) and have been shown
to reduce tumour growth in most of these studies. Tumour growth reduction has been seen in
a range of tumour types, including melanoma, lung, breast cancer, fibrosarcoma, pancreatic
tumour, glioma and many others in carcinogen-induced or xenograft tumour model in
animals (Table 2), however, the results are not consistent, with some studies failing to show
7

any effect [5]. In the melanoma models, B16F1, B16.Bl6 and MV3 melanoma tumours were
reduced with improved survival, but the mistletoe extract used differed between the studies
with different doses, dose schedule and routes being used [28-30]. Conflicting results have
also been reported for urinary bladder carcinoma and mammary carcinoma. rML
(recombinant mistletoe lectin) was able to reduce urinary bladder tumour load in rats in one
study after 4 weeks of treatment [31], but surprisingly, longer duration of treatment was
associated with nonsignificant reduction in another study [32]. The source and preparation of
the extracts also affected the outcome, with VAM or VAP failing to show any tumour
protective role in mammary carcinoma in rats (Table-2). Paradoxically, in C3H/Hej mice
lacking Toll-like receptor 4 (TLR4), mammary carcinoma was enhanced by VAA [33].
Study outcome was also dependent on the immune status of the mice. In combined immune
deficient mice (SCID), tumour melanoma reduction was more significant with lower rather
than higher dose [29], whereas in ovarian cancer, response was better with higher doses [34].
A similar observation regarding optimum dose was also made by Lenartz et al., (1998) who
reported better tumour reduction with both local and systemic administration of lower dose,
compared to higher dose of ML, during treatment of glioma in Fischer 344 rats. He also
observed that both systemic and local injection had similar outcomes although dose
requirements were different for different routes of application [35].
Besides tumour reduction, VA and ML therapy is associated with improved survival in
fibrosarcoma, ovarian cancer and melanoma patients [30, 34, 36]. VAs and MLs are also
effective as prophylactic treatment in animal models. Intravenous (IV) administration of
KMC prior to tumour cell inoculation was associated with reduced lung metastasis with
B16.B6 melanoma cell lines in C57/BL6 mice and with colon 26-M3.1 cancer in Balb/c mice
[37] (Table-2).
There are a large number of studies on effects of mistletoe use in humans; some are presented
in Table 3. In contrast to animal models, most human studies aimed to characterise the role of
VAs and MLs as an adjuvant, concomitant with chemotherapy rather than stand-alone
treatment. Randomized and nonrandomized clinical studies were aimed at examining the
effects of mistletoe on survival and quality of life (QoL) (Table 3), or to examine the drug
toxicity, immune modulation and local reaction in healthy controls and in cancer patients
(Table 5).
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Results of human studies regarding overall benefit of VAs and MLs in cancer are
contradictory and inconclusive (Table 3). While some studies reported significant
improvement in QoL in cancer patients who received VA or ML with chemo/radio/immune
therapy compared to the group of patients on chemo/radio/immune therapy alone [38-41],
data from other studies reports no difference between these two groups [42-44].
Contradictory results were also reported in melanoma patients. While one large multicentric
prospective randomized trial of stage II-III melanoma patients involving 686 subjects
reported better survival and disease-free interval with fermented VA after 3 to 30 months of
treatment [45], another large prospective trial in stage II-III melanoma (N=407) failed to
show significant benefit or survival with VA in 8 years [44]. Similar results were also
observed in stage I-III breast cancer patients with no difference in survival and/or diseasefree interval compared to the control [43]. Study designs in clinical setting vary significantly,
especially regarding, preparation, dose, dose schedule or duration of VA and ML therapy
which might influence these data [Table 3]. However, most of the studies do seem to agree on
the notion that VA and ML treatment in the clinical setting is safe without significant adverse
effects and reduces the side effects of chemotherapy [46].
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Table 2: Effects of VA/ML in animal models of cancer
Cancer
B16.F10 Melanoma

Mistletoe
VAM +
Triterpene

MV3 (melanoma)

ML-1

Melanoma MEXF 695

VA-Q

B16.BL6 Melanoma

VCA

B16.BL6 Melanoma
Colon 26 M3.1
carcinoma
Lung cancer LXFS 538
Breast cancer MAXF
449
Human pancreatic
cancer PAXF 736
EAC (Ehrlich
carcinoma cell)

KMC (Korean
Mistletoe)
VA-Q

VA-F + ML1
VA from plum
tree

Dosage regimen@
3.5µg/kg (VAM)
+ 71mg/kg OA (oleanolic
acid) in Triterpene treated
group, every second day
(10 cycles)
30/150/500ng/kg, every
day, for 19 days, starting
day 0.
4 or 8mg/kg/
Duration?
10-50ng/mouse , ,
three/wk., from day14;
metastatic: 2 days before
& 1 day after
110μg/mouse ,
metastatic: 2 days before
inoculation
4 or 8mg/kg/
Duration N/A
4 or 8 or 12mg/kg,
2/wk. for 4 wks.
2ml/kg, every day for 14
days from tumour
inoculation

Route*
SC

Animal#
Outcome (Ref)
C57/BL6 mice Reduced melanoma growth, prolonged
survival, tumour necrosis, apoptosis,
increased granulocytes, decrease of CD31+
tumour blood vessels [47].

IP

Balb/c, SCID
mice (M)
9-14 wks.
N/A

Significant primary and metastatic tumour
reduction with lower dose (30ng/kg). No
change with higher dose [29].
Transient and no effects on melanoma [48]

IP

C57/BL6
mice (F)

IV

C57/BL6
Balb/c mice
(F), 7-8 wks.
N/A

Reduced melanoma growth, reduce
metastasis prolonged survival of the mice.
apoptotic , inhibit angiogenesis, sub g1 cell
cycle arrest [30].
Reduce lung metastasis and improved
survival with NK cell activation [37].

IT

IT

IT
IP

SCID/Nude
mice
NMRI

Significant reduction of Lung and breast
cancer. Transient and no effects on
melanoma [48].
Best tumour reduction obtained with 8mg/kg;
% T/C (Test/Control) = 0.4 [48].
Significant reduction in tumour growth
compared to untreated control [49].
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EAC (Ehrlich Ascites
Carcinoma)

VA and ML

C3L5(mammary)

VA-A

W256, L 5222, EAC
Mammary carcinoma

VAM ( silver
added)
VAP (Mercury
added)
VA

MCA induce fibrosarcoma
SoTu(human ovarian
cancer cells)

rML

Urinary bladder
cancer
Urinary Bladder
cancer

VA-A

F98 Glioma

rML

33μl/animal(5g/100ml)
2μg/animal
every day for 3 days
Starting day 7
1ng/kg
2/wks. for 14days
Start day=7 end
0.021 ml /rat
0.[51] 005ml/mice
Everyday

SC

Balb/c mice
age N/A
Sex N/A

Tumour necrosis [50].

SC

C3H/Hej mice Tumour growth stimulation [51].
(6-8 wks, F)

SC

Non-significant tumour reduction, no
significant change in survival [33].

2/wk.
0.00166-1.66mg/dose
15 wks.
30/150/500ng/kg
Starting day=1
For 83 day
Every working day
1ng/kg (2/wk. for 6 or 15
months); Starting Day 0*
30ng/mice and 15ng/mice
2 times/wk., culled at 19
wks. Start= 8 or 14 wks.
1ng/kg body weight or
10ng
10ng/kg body or 100ng

IP

IP

Rats (F)
3-4 months
Swiss mice
(F) Age N/A
Swiss albino
mice (F)
6-8 wks.
SCID mice

SC

Rats

Intrave
sically

Rats 5-6 wks.
(F)

Non-significant reduction of tumour size,
No relevant cellular response [32].
Significant lower rate of neoplastic
transformation in treated group [52].

SC or
Local

Fischer 344
Rats

Tumour reduction with both doses and
routes, better with the lower doses [35].

Inhibition of tumour formation and significant
survival with VA treatment [36].
Increase survival with highest dose tested
[34].

Notes: @-Starting day counted from day of cancer cell inoculation as 0
* - SC=subcutaneous, IP=intraperitoneal, IT=intratumoural, IV=intravenous, Intravesically= within the Urinary bladder
# - M=male, F=female, wks. =weeks, SCID=severe combined immune deficient, NMRI=Naval medical research institute mice,
VA-A = Mistletoe extract from Fir, ,VA-F VA from Ash tree, VAP - VA from Pine tree, VAM - VA from Apple tree, , VAQ – VA from oak tree., VCA/ KML-C - Korean
mistletoe/lectin, rML= recombinant mistletoe lectin
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Table 3: Effects of VA/ML in cancer (clinical studies)
Dose/duration /route#
Escalating
dose
1mg
to
250mg/day (SC), 8 day cycle for
3 wks. (VA)
N=233
Cyclophosphamide
Escalating dose 1mg to 200mg
Age 18-70
Adriamycin
(SC) 3 times/wk. Standardised
Cisplatin
mistletoe extracts (sME). 4 to 25
5- FU, Mitomycin
wks.
Non
metastatic N=761
Surgery,
Chemo-, Follow up of patients receiving
Breast cancer
Stage I to III
Radio- or hormone sME during after care in 53
Age 20-80
therapy
centres in Germany. 4.3 years in
test
3 years in control
Breast Cancer
N=60
Cyclophosphamide
Fermented aqueous extract
Stage I - III
Anthracycline
from apple tree. Escalating dose
No metastasis
5FU
0.01mg to 5 mg
Age 30-70
(SC) 3 times/wk. Follow up for 5
years
Breast cancer
N=270
Cyclophosphamide
VAM escalating dose
Stage I-III
5FU, methotrexate
0.02 to 20mg (SC), 3 times/ wk.
Age 18-70
Start after 1.5 weeks of
beginning of chemotherapy
10-30 wks. Multi-centre study in
Germany
Gastric carcinoma
N=32
Post-operative
VA-Q escalating dose, 0.02 to
Stage Ib-II
5FU
20mg, (SC), 3 times/wk.,
Age 19-70
postoperative day 7 to wk. 24
Pancreatic carcinoma N=220
N/A
VA, escalating dose 0.01 to
Locally advanced or
10mg, (SC), 3 times/wk.
metastatic
12 months
Glioma
Melanoma
N=407
Postsurgical
Iscador, escalating dose, 0.01 to
Tumour
Solid tumours
Colorectal,
Breast,
Pancreatic, Lung
Breast, Ovarian,
Non-small cell lungs
cancer

Patient*
N=44, Stage IV

Chemotherapy
Gemcitabine

Outcome/s
No difference between Gemcitabine alone and
combined with VAs. Absence of neutropenia with
VAs was notable [42].
Significant reduction of side effects from
chemotherapy, improved quality of life (p<0.05)
[38].
Significant reduction in persistent disease or therapy
related symptoms (fatigue, pain and headache) in
the sME treated group.
The rate of complaints was significantly lower in sME
group (p< 0.001) [39].
No significant difference in relapse, metastasis or
survival between control and test group [43].

Significant improvement in Health Related Quality of
Life (QoL), due to reduction in chemotherapy
induced side effects [41].

Significantly improved health status in VA treated
group with increased leukocyte and eosinophil count
[40].
Significantly, improved QoL in VA treated group [53].

Interim disease free interval was noted but overall
12

Melanoma

Stage II-III
resection
Age 14-80
Chemo N/A
Multi arm study
Germany
N= 686
Stage II-III

1 mg, alternate day for 2 wks., 3 No added benefit observed [44].
days without treatment, 14
doses of 20mg/ml followed by 7
days of no treatment total 1 yr.
Iscador, (SC) 2-3 times/wk. for Better survival, disease free interval, metastasis free
3-30 months, median after care interval [45].
81 months in VA vs 52 months
in control. Followed till last visit
or death

Notes:
* - N=number of subjects, Stage= cancer staging I - , II - , III - , IV - .
# - M=male, F=female, wks. =weeks, SCID=severe combined immune deficient,
#ME= mistletoe extract, VA-A = Mistletoe extract from Fir, VA-F = VA from Ash tree, VAP = VA from Pine tree, VAM =VA from Apple tree, VAQ= VA from oak tree. VCA/
KML-C - Korean mistletoe/lectin, Iscador= fermented mistletoe extract

13

1.1.6. Molecular Mechanisms Involved in Anti-tumour Effects of VA/ML
Published data indicates VAs and MLs negatively influence a number of key signal
regulatory pathways involved in cell proliferation and survival and upregulate programmed
death pathways (Table 4) this would be potentially beneficial in cancer which is characterised
by uncontrolled cell proliferation with survival together with the failure of death pathways
[54]. Inhibition of proliferation of cancer cells in-vitro by VAs has been attributed to both
inhibition of protein translation as well as induction of apoptosis [55]. Published data
indicates VAs and MLs affect many regulatory pathways in the cells (Table 4) which might
all contribute to the final outcome.
VAs and MLs have been shown to inhibit extracellular signal regulatory kinase (ERK) [56],
which upregulates transcription factors for cell growth and proliferation in the mitogenactivated protein kinase (MAPK) pathway [57, 58]. VAs and MLs inactivate protein kinase B
(Akt) by dephosphorylating it, promoting apoptosis and cell death [59]. Akt/
Phosphatidylinositol 3 phosphate (PI3) kinase pathway is important for both cell proliferation
and survival [60]. Akt plays a central role in cell proliferation and survival pathways by
acting as a modulator of other signalling pathways. It downregulates p53 mediated apoptotic
signal through murine double minute protein (MDM2), inhibits proapoptotic modulators Bim
and Bax (members of Bcl2 family) [60]. VA/ML treatment upregulates proapoptotic protein
Bax and downregulates antiapoptotic Bcl2 [61] and Mcl-1 [56] proteins, (Table 4 also see
section 1.3), maybe via its effect on Akt.
VAs and MLs also promote apoptosis or cell death via directly affecting a number of key
modulatory enzymes and molecules in apoptotic pathways involved in extrinsic or intrinsic
mitochondrial pathways (Table 4). VA/ML induce mitochondrial stress [62], activate caspase
9 [56], apoptotic activation factor (Apaf1) [10] as well as the executor caspase 3 [59].
VAs and MLs have also been shown to phosphorylate Jun N-terminal kinases or JNKs 1/2
[56]. JNK is an important regulator of apoptosis which plays a critical role in both extrinsic
as well as intrinsic apoptotic pathways [63]. Upon phosphorylation, JNK regulates
transcription of a wide variety of proteins including upregulation of proapoptotic and
downregulation of pro-survival proteins. Other than its role in transcription, JNK can readily
translocate to and release cytochrome c from mitochondria initiating apoptosis [63] (Also see
section 1.3.2).
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Besides apoptosis, the anti-tumour activity of VA/ML has been linked to the arrest of the cell
cycle in sub–G1 [64-66]. Sub-G1 is the presynthetic gap or resting phase of the cell cycle,
which under the control of cyclin-dependent kinases (CDK) enters synthetic or S phase to
initiate synthesis of molecules required for cell division in M or mitosis phase [67].
Retinoblastoma (RB) and p53 genes are the two main controllers of the cell cycle which exert
a ‘brake control’ on the G1 and G2 phase to prevent unwanted initiation of the cell cycle and
thereby prevent uncontrolled cell proliferation, one of the hallmarks of cancer cells [68, 69].
Besides RB or p53, the enzyme telomerase can also regulate cell cycle independently [70].
Telomerase is required for telomere synthesis during S phase and it is maintained at a very
low activity in somatic cells with consequent shortening of telomere length of chromosome
which gradually limits cell division in a normal cellular ageing process [70]. In many cancers,
telomerase activity is upregulated giving the cancer cell its replicative property [71]. VAs
and MLs arrest the cell cycle at sub-G1 phase by downregulating the synthesis of telomerase
independent of p53 [59, 61]. (Also see section 1.3.2). Angiogenesis plays an important role in
growth, sustenance, and metastasis of tumour and is one of the six hallmarks of cancer [54].
The two key factors which have been implicated in cancer angiogenesis are upregulation of
proangiogenic vascular endothelial growth factor A (VEGF-A) and downregulation of
antiangiogenic factor Thromospondin-1 (TSP-1) [72, 73]. VEGF-A works through it receptor
VEGFR2, activating its cytoplasmic tyrosine kinase which promotes survival signalling
pathways through the Akt/Nitric oxide synthase pathway [74]. VEGF regulates both
proliferation and motility of endothelial cells and promotes survival by inhibiting apoptosis
[75]. Besides VEGF-A, fibroblast growth factor (FGF), lysophosphatidic acid, transforming
growth factor beta (TGF β), platelet-derived growth factor (PDGF), and angiopoietin are also
involved in angiogenesis and invasion [74, 75]. One of the most potent inhibitors of
angiogenesis reported so far is the soluble TSP-1 [54]. TSP-1 can directly bind with VEGF
and inhibit signal transduction by internalisation of the VEGF-TSP1 complex or it can bind
with VEGFR2 leading to inhibition of the Akt/Nitric oxide synthase pathway promoting
apoptosis and inhibiting angiogenesis [74]. TSP-1 has also been shown to antagonise the
effects of FGF and inhibit release of VEGF from extracellular matrix [73]. VA/ML has been
shown to inhibit angiogenesis by a number of mechanisms including upregulation of TSP-1,
downregulation of endothelial intracellular adhesion molecule CD31 and apoptosis of
endothelial cells [28, 65, 66].
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Table 4: Effect of Viscum album active ingredients on cell death pathways
Mistletoe

Ingredient/s*

Cell line

Mechanism/pathways

KMC

ML-2

U937 (in-vitro)

KMC

VCA

A253 (in-vitro)

VA

VA-A

Hep3B (in-vitro)

Cleavage of PARP (Poly ADP ribose polymerase) and PKC δ and Activation of
Caspase 3 [76].
Dephosphorylation of Akt (protein kinase B) in the survival signalling pathways.
Activation of caspase 3 and inhibition of telomerase [59].
Inhibition of angiogenesis via upregulation of Thrombospondin1 [66].

rML
KMC
VA

VCA
VAF

EIA/ras transformed murine
tumour cells (in-vitro)
B16-BL6 melanoma (in-vivo)
K562

KMC

VCA

SK-Hep-1, Hep 3B
Molt-4

VA

Isolated A or B
chain of ML
VA

VA

Triterpene

B16F10

CM(Chinese CM1
mistletoe)
(ML 1from CM)
VA
VAF

C6 glioma cell lines

CLY, HT29
Molp-8, Colo-677, LP-1,
KMS-12-BM, RPMI-8226,
OPM-2
NALM6

Apoptosis was p53 independent, Apaf-1 dependent [10].
Apoptosis and antiangiogenesis [77].
Activation of caspase-9, phosphorylation of JNK-1/2 and p38 MAPK,
downregulation of Mcl-1, inhibition of extracellular signal regulatory kinases
(ERK-1/2) and PKB phosphorylation, reduction of cellular GSH (Glutathione),
induction of endoplasmic reticulum (ER) stress [56].
Down-regulation of Bcl-2 and telomerase activity, up-regulation of Bax through
p53- and p21-independent pathway in hepatoma cells [61].
No effect on apoptosis [78].
Reduction of HSP(heat shock protein)27 and 14-3-3 protein expression
Induction of apoptosis [79].
DNA fragmentation, followed by loss of membrane integrity and intracellular
adenosine-5'-triphosphate (ATP) [28].
Down regulation of miRNA135a&b [80].
Except KMS-12-BM and OPM-2, all the other cell lines showed significant
apoptosis by 48Hrs. [81].

VA
VAP, VAM
Loss of mitochondrial membrane potential, apoptosis[62]
Notes:
*: ML – mistletoe lectin 2, VA-A = Mistletoe extract from Fir, VAF- VA from Ash tree, VAP - VA from Poplar tree, VAM - VA from Apple tree, VAQ – VA from
oak tree., VCA/ KML-C - Korean mistletoe/lectin, rML= recombinant mistletoe lectin
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1.1.7. Mistletoe and Immunity
In-vitro gene network analysis of Korean VA treated T lymphocytes revealed that VA is
capable of altering the expression of more than 3000 genes, including genes involved in
immune function [18]. Consistent with this finding, a significant number of studies reported
different effects of VA on immunological parameters [82-87]. VA has been shown to affect
differential leukocytes counts of both myeloid and lymphoid series, their activation status and
cytokine expression [58-63].
Although it is clear that mistletoe and its extracts modulate immunological parameters, the
exact nature of this modulation is not established, and results are contradictory. VA treatment
has been shown to increase total leukocyte [40, 88, 89], T lymphocyte [82, 88, 90], neutrophil
[91, 92] and eosinophil [40, 84, 88, 93] counts by a number of studies (Table 5). However,
other studies show VA treatment does not have any effect on cell counts and indeed, can
decrease cell counts [42, 50, 90, 94]. Effects of VA on natural killer (NK) cells are also
confounding.

While

some

researchers

found

that

VA

treatment

increases

NK

(CD16+/CD56+) cells or activates them (CD54+/CD94+) [90, 95, 96] and can enhance NK
cell-mediated cytotoxicity against tumour cells [95, 96], others did not find any effect of VA
on NK cell number or activation state [16, 40]. VA has been shown to increase expression of
antigen presenting molecules HLA-DR, CD40, CD80 and CD86 on dendritic cells (DC)
which subsequently stimulates CD4+ T cell proliferation [97]; a possible cellular mechanism
for the observed increased T lymphocyte cell counts. VA has also been shown to enhance
liposomal enzyme activity of macrophages [95]. In-vitro treatment of peritoneal macrophages
by KM led to activation of Toll-like receptor 4 (TLR4) and its associated Interleukin-1
receptor-associated kinase-1 (IRAK1) pathway leading to increased Tumour Necrosis Factor

α (TNF-α) production by macrophages [87]. VA activated macrophages have been shown to
exhibit increased cytotoxicity against L929 (fibroblast) cells in-vitro [50]. In the same study,
Kuttan et al., (1992) reported that reduction of xenografted Ehrlich ascites cell tumours with
VA treatment was associated with diffuse infiltration of lymphocytes and macrophages at the
tumour site [50].
Increased eosinophils at the injection site in response to VA/ML has been reported by a
number of studies [40, 84, 88, 93]. Increased eosinophils within the tumour due to VA/ML
have been attributed to type 1 and type 2 responses [84]. Increased eosinophils in response to
VA/ML are associated with increased IL-5, GMCSF and IFN γ [93]. VA/ML induced
eosinophilia has been shown to stabilise general conditions and improves the quality of life
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(QoL) of cancer patients [40, 41, 84] but the molecular mechanism behind this is largely
unknown.
The variable and/or contradictory results for VA/ML action on lymphocytes, leukocytes and
macrophages may be because studies were done with VA/ML extracts which were prepared
differently and tested at different concentrations on various experimental models. VA/ML
dosage is an important consideration in both in-vitro and in-vivo studies, as shown by a recent
gene array analysis of VA treated T lymphocytes that revealed upregulation of numerous
genes at low doses; these same genes were downregulated at higher concentration [18]. It is
also well established that concentration of active ingredients of VAs from different host trees
differs [5]. While in most of the literature, ML is synonymous with ML1, whole extract
contains ML1, ML2, and ML3 with differing proportions of these three lectins [5, 46, 98].
Although ML1 is the most studied of these 3 lectins, there are data which indicate VAs from
pine tree (VAP), which are lacking in ML1 but rich in ML3, have the most cytotoxic effects
against several cell lines in-vitro [5, 99]. These factors may explain the contradictory and
inconsistent findings in VA and ML studies.
1.1.7.1.

Effects of Mistletoe on cytokines and leukotrienes

There is extensive data available on the immune modulatory property of VAs and MLs.
However, because of the broad activity of VA on immune cells, results of cytokine
expression by immune cells are also diverse and contradictory.
In a number of in-vitro studies, VAs and MLs increased TNF-α and interferon γ (IFNγ), two
important cancer-related cytokines [18, 87, 93, 97, 101]. TNF-α is a multifunctional
proinflammatory cytokine secreted by inflammatory cells that plays important roles in
diverse cellular events [100]. The role of TNF-α in cancer is doubled edged, on one hand, it
can promote cell growth and proliferation via nuclear factor κB (NF-κB) signalling, on the
other hand, it can induce apoptosis via the JNK pathway [100]. Although VAs and MLs have
been reported to increase expression of TNF-α from T cells [18] and monocytes through
TLR4 activation [87], or by decreasing IL-10 expression [101] the exact role of TNF-α in
relation to VAs and MLs is not clearly documented in literature. To make things complicated,
there is also data showing that VAs and MLs have no effect on TNF-α production [13, 40].
IFNγ expression is reported to increase in-vitro during VA/ML treatment of immune cells
[95, 97]. IFNγ is secreted by several immune cells especially activated T cells, NK cells,
macrophages and DCs [102]. IFNγ modulates immune function at the tumour
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microenvironment [102]. Mostly, it is thought to act in an anti-tumorigenic manner by
increasing innate immune cell number at the microenvironment, development of Th1 cells,
and by enhancing the secretion of tumoricidal factors by macrophages [102]. It could
potentially also lead to increased number of regulatory T lymphocytes (Treg) and myeloidderived suppressor cells (MDSC) at the tumour site linked to promotion of tumorigenesis
[102]. Like TNF-α, in-vivo studies have failed to show increased IFNγ level in response to
VAs and MLs [40].
VAs and MLs have also been shown to increase the number of other proinflammatory
cytokines for example IL-1 β from mononuclear cells [103] and T lymphocytes [104]; IL-2 in
the serum [40, 95]; IL-6 from mononuclear cells [103], DC [97] and from bone marrow
(BM)-derived myeloid cell lines K562 [95]. VA/ML also increase IL-8 from DC [97], T
lymphocytes [18] and the Colon cell line (Caco-2) [105]; IL-12 from DC [106]; and GMCSF
and IL-5 from PBMC [93]. However some studies report there is no effects of VA on IL-1β,
IL-8 or IL-12 secretion [13] or on IL-6 secretion [86, 88].
Overall, although there is extensive data on change in cytokines profile in response to VAs
and MLs, the results are inconsistent and still not conclusive.
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Table 5: Effect of VA /ML on immune cells and cytokine production (in-vitro, animal models and clinical studies)Mistletoe*
Dosage
=30ng/ml ML, SC, 2 times/wk., for
48 wks.
0.02mg to 20 mg, SC, 3 times/wk.,
for 10-30 wks.

Subjects
Solid Tumour
N=12, 40-79 yrs.
Breast cancer
N=270

IQ
IP

IP: 0.01 – 20mg; IQ: 0.01 - 5mg. SC,
2 times/wk., for 12 wks.

Healthy Volunteers
N=48

VAP
VAM

VAP: 0.25 – 50mg
VAM: 1– 20mg
SC, 2 times/wk., for 12 wks.
N/A
SC, 2 times/wk., for 8 wks.
10-100µg/ml for 18
12.5 ng/ml
24Hrs. treatment.

Healthy Volunteers
N=69, 18-45 yrs.

VAQ

5-15µg/ml
48 Hrs. treatment

Human DCs from
healthy donor.

Ex-vivo

VA and rML

≡0.01ng/ml to 10ng/ml ML
24 Hrs.
Escalating dose from 0.02mg to
20mg, SC, 3 times/wk.

Healthy volunteers

In-vitro

Blood from gastric
carcinoma patients

Randomized
controlled study

PS76A2
VAM

IQ with ML
IQ without ML
VA
KML-C

VAQ

Healthy Volunteers
N=43
A549
Mouse peritoneal
macrophage
Balb/c –Female

Study type
Non randomized
clinical study
Multicentre,
prospective, noninterventional study
Double blind study

Outcome/s°
Significant increase in total lymphocytes, monocytes
and NK cells [82].
Increased leukocytes, lymphocytes and eosinophils
[41].

Randomized placebo
controlled, double
blind study
Randomized placebo
controlled study
In-vitro
Ex-vivo

Increased eosinophils and CD4 cell count.
No effects on IL-6 or C-reactive protein (CRP) level,
neutrophil , B-cell or NK cell count [88].
Increased leukocytes, granulocytes, eosinophils,
GMCSF, IL-5 and IFN-γ in IQ+ML group [93].
Reduced synthesis of COX-2 and PGE2 [108].
Upregulation of TLR4 expression on macrophages.
Upregulation of IRAK1,
resulting in macrophage activation and TNF-α
production [87].
Upregulation of DC activation markers CD80, CD 86,
increased IL-6 and IL-8 secretion, T cell proliferation,
stimulation of melanoma specific M77-80 CTL clone
[97].
Increased TNF-α production, decreased IL-10
production [101].
Increased leukocytes and eosinophils, no change in
TNF-α, IL-2 or CD16+CD56+ NK cells [40].

Increased eosinophils. Increased haptoglobin in IQ
treated group [107].

Notes:
* PS76A2 -, IQ - Iscador Qu, lectin rich VA from Oak tree, IP - Iscador Pinni, viscotoxin Rich Extract from Pine, VAP - VA from Poplar tree, VAM - VA from Apple
tree, KML-C - Korean mistletoe lectin, VAQ – VA from oak tree.

A549 - Human lung adenocarcinoma cell line; DCs – dendritic cells.
° IRAK - interleukin-1 receptor-associated kinase-1; NK – natural killer cells; CTL – cytotoxic T lymphocytes
N/A-Not available. Wks-weeks
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1.2. Eosinophils
1.2.1 Introduction
Eosinophils are terminally differentiated, highly specialized leukocytes of the myeloid series.
They are derived from BM, equipped with preformed granule proteins [109] and toxic to
different parasites, viruses, and tissues [110]. Eosinophils are pleiotropic in their functions
and involved in a wide range of inflammatory responses. They act as modulators of innate
and adaptive immunity [110], are required for maturation of DCs [111] and antigen
presentation as well as priming of T and B lymphocytes [112]. There is also evidence that
eosinophil activation is required by the macrophages for efficient apoptosis [113].

1.2.2 Cell Biology of Eosinophil
Eosinophils are large granulocytes compromising 1-3 % [114] of total peripheral blood
leukocytes. Eosinophils are characterised by their secretory granules, also known as
secondary granules, or specific or crystalline granules. Besides secondary granules,
eosinophils

contain primary granules or Charcot-Leyden crystal proteins which have

lysophospholipase activity, and an extensive vesicular system within the cytoplasm [112].
Secondary granules store and secrete preformed cationic proteins, including eosinophil
peroxidase (EPO), Major basic protein (MBP-1 and 2), eosinophil-derived neurotoxin (EDN)
which is also known as eosinophil ribonuclease (RNAase 2) and eosinophil cationic protein
(ECP or RNase3) [110]. The presence of these secretory granules gives eosinophils the
characteristic pink colour with eosin staining using Romanowski method [109]. These
granules also contain numerous cytokines and chemokines [112]. The structure of these
granules has been studied in detail by electron microscope (EM) which has shown that they
are composed of a crystalline core and an outer matrix with a bi-laminar lipid membrane
[112].
The two-dimensional crystalline core of the secondary granules contains MBP, catalase,
hydrolase, and glucoronidase while the other proteins and numerous cytokines are present in
the outer matrix [112]. Recent developments in immunogold labelling EM technique has
demonstrated that the eosinophil granules have an extensive internal membranous
vesiculotubular structure which is positive for membrane tetraspanin CD63 protein [115] and
that secretion of cationic proteins from eosinophil’s secondary granules are differentially
regulated in response to different stimuli [116, 117].
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Figure 1.3 Complex Intracellular and Cell Surface Receptors and Ligands Present on
Eosinophils

Figure 1.3: A schematic diagram depicting complex intracellular and cell surface receptors and ligands
present on eosinophils. Eosinophils express a large number of cell surface receptors and ligands to promote
intercellular communication with other immune and neighbouring cells. They also contain and release a large
number of cytokines, chemokines and granules proteins which modulate the local immune environment.
[118](SIRP was added to the original drawing)

1.2.3 Eosinophil Degranulation
“Degranulation” of eosinophil granules is an umbrella term that refers to the release of
granule proteins without mentioning the specific mechanisms that regulate their release.
Degranulation occurs by the release of whole or ruptured granules either from intact viable
cells or from dying necrotic eosinophils [112].
There are four mechanisms by which eosinophil degranulation occur:
1. Classical Exocytosis: It is the process by which granules fuse with the plasma
membrane individually and empty their content to the outside environment [119].
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However, classical exocytosis has not been found in clinical samples or in-vivo and has
only been seen in in-vitro studies using purified eosinophils [112].
Classical exocytosis is further differentiated into either constitutive or regulated
exocytosis [120].

Constitutive exocytosis: In this process, secretory proteins e.g. extracellular matrix proteins,
are constitutively synthesized in the endoplasmic reticulum, packaged into the secretory
vesicle within the Golgi complex, which then fuses with the plasma membrane to release
its contents to the exterior [120].

Regulated exocytosis: This degranulation process involves receptor-mediated stimulation of
granules and fusion with plasma membrane for releasing its contents. In contrast to
constitutive exocytosis, granular proteins are synthesized in advance and stored in the
granules for later release [120].
2.

Compound Exocytosis: In this process, several secretory granules fuse together before
releasing their contents through a single pore [121]. It is found mostly after adherence of
eosinophils with a target surface like larvae of parasite/helminth [122].
Both classical and compound exocytosis have been observed in inflammatory bowel
diseases and tissue invasion by eosinophils for other conditions but not in asthma or
allergy [112].

3.

Piecemeal degranulation (PMD): This is the most common physiological mode of
eosinophil degranulation. It is most commonly seen in inflammatory and allergic
conditions [123, 124] as well as gastric carcinoma [125]. PMD is a form of regulated
exocytosis. PMD is characterised by the presence of numerous electron-lucent secretory
vesicles in the cytoplasm close to the translucent crystalloid granules, which are usually
electron dense [126]. PMD is associated with differential secretion of ECP and EDN in
response to immunoglobulins [127]. In response to IFNγ, secretory granules release their
contents through PMD and undergo progressive emptying, while the eosinophils remain
viable and responsive to subsequent stimulus [118]. Besides eosinophil cationic proteins
EDN and ECP, cytokines and chemokines interleukin-6 (IL-6), RANTES and IL-4 are
released from eosinophil through PMD [120, 128, 129].

4.

Cytolysis: The second most common mode of eosinophil degranulation in tissues in an
allergic individual is cytolysis [130]. This is the process by which cellular contents
23

together with intact and ruptured secretory granules spill out from necrotic or dead
eosinophils. Cytolysis is the leading cause of accumulation of cell-free membrane bound
eosinophil granules at the site of inflammatory foci like allergy, primary biliary cirrhosis,
inflammatory bowel disease and in the BM of cancer patients [112].

1.2.4 Functions of the Granular Proteins
Eosinophil Cationic Protein (ECP or RNAase3): ECP is a single chain highly glycosylated
basic protein which is present in the outer matrix of the specific granules. ECP belongs to
pancreatic type RNAase family [131]. In glycosylated form it is noncytotoxic but upon
secretion, it is deglycosylated and becomes cytotoxic [132]. Although the exact mechanism
by which ECP exerts its cytotoxic effects are not known, a high number of arginine in the
outer surface and tryptophan at position 35, have been implicated in its cytotoxicity [131].
ECP aggregates on neighbouring cell surface [131] and forms a voltage insensitive and nonselective membrane pore which destabilizes the lipid bilayer leading to cell death [133]. ECP
has been shown to possess antibacterial, antiviral and anthelminthic properties [134]. It has
also been shown to inhibit Hela cell proliferation in-vitro [131] associated with chromatin
condensation, the reversion of membrane asymmetry, reactive oxygen species (ROS)
production and activation of caspase 3 like activity with increased apoptotic body formation
[131]. Intraventricular injection of ECP in guinea pig brain destroys cerebellar Purkinje cells
which manifests as Gordon Phenomena [135]. Extracellular deposits of ECP correlate with
tissue destruction and level of ECP in body fluid serves as a marker of eosinophil activation
status [131].

Eosinophil granule major basic protein (MBP) is a low molecular weight single-chain
cationic protein rich in arginine. It is present in the crystalloid core of the eosinophil granule
[136]. Of all the granular proteins, MBP is considered to be the most toxic and comprises of
more than 50% of the granular protein [137, 138]. Its biological activity has been attributed to
its high positive charge and arginine content [138]. MBP, together with EPO and ECP, has
long been known for its toxicity against many tissues including heart, bronchial epithelium,
gastrointestinal tract epithelium and the brain [110]. Cytotoxic property of MBP has been
described against helminth, parasite [110], as well as against leukaemia cell lines K562, HL60 [139].
MBP inhibits heparanase and promotes angiogenesis via stimulation of endothelial cells in-

vitro [138], activates fibroblasts by increasing synthesis of pro-fibrogenic cytokines IL-6, IL24

11 [140] and takes part in airway remodelling by promoting increased synthesis of
remodelling factors endothelin-1, TGF-α, TGF-β, platelet derived growth factors (PDGF-β),
metalloproteinase-9 by the respiratory epithelium [141]. It has also been shown to induce
caspase-independent apoptosis of epithelial tissue in-vitro and in-vivo [142]
MBP amplifies and perpetuates inflammation by inducing the release of superoxide anion and
lysozyme by neutrophils [143], histamine and prostaglandin by mast cells [144]. MBP
increases epithelial cell agglutination and membrane fragility leading to membrane disruption
[142]. It has been shown to induce leukotriene C4 and IL-8 release [145] and activates
alternate complement pathway [146].

Eosinophil peroxidase (EPO) is a heme-containing basic protein located in the matrix of
secondary granules of eosinophils [147]. Unlike ECP and MBP it has two subunits and is rich
in aspartic acid and arginine [147]. EPO is considered to be the most potent eosinophil
granular protein on a molar basis against microfilaria of Brugia pahangi and Brugia malayi
[148]. In the presence of H2O2, thiocyanate, and a halide (iodide, chloride or bromide) EPO
acts as a powerful antimicrobial agent. It oxidises bromide to corresponding hypobromous
acid that is a potent antimicrobial agent in-vivo. EPO activates platelets and the EPO-H2O2halide complex causes non-cytotoxic degranulation of mast cell at a lower concentrations and
loss of other cytoplasmic content at higher concentrations [149]. More recently, MBP
together with EPO has been shown to be required for eosinophilopoiesis [137] and mast cell
and basophil activation [110, 144].

Eosinophil-derived neurotoxin (EDN) is found in the secondary granules of eosinophils
[109]. Although EDN is also a cationic protein, its cationic property is much less potent than
MBP or ECP. EDN shows 89% structural similarity with ECP [150] and EDN and ECP are
both enzymatically active ribonucleases and belong to the RNAase superfamily [151, 152].
Other than cytotoxicity against neuronal cells, EDN has not been found to be toxic against
other somatic cells. However, it can bind to and be internalized into human leukemic cells
and kill leukemic cells through its RNAase property [153]. Onconase has been implicated in
EDN mediated cytotoxicity against malignant cells [154].
EDN has been reported to have immune regulatory functions; it can act as a chemoattractant
for DCs and promote activation and maturation of DCs [155, 156]. CD34+ cell derived iDCs
(immature DCs) and monocyte-derived iDCs produce substantial quantities of IL-6,
RANTES, TNF-α, MCP-2, MIP-1α, and IP-10 in response to EDN [156]. It acts as a ligand
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for toll-like recptor2 (TLR2) and augments Type 2 helper T cell (Th2) biased immune
response [157].

1.2.5 Eosinophil Cytokines and Chemokines
A network of transcription factors, growth factors and growth inhibitors tightly control the
production of eosinophils [110]. Major growth factors for eosinophils are IL-5, granulocyte
macrophage-colony stimulating factor (GM-CSF) and interleukin 3 (IL-3) [158]. These
cytokines are also responsible for migration, adhesion, activation, production of other
cytokines and survival (or delayed apoptosis) of mature eosinophils [112]. These growth
factors are secreted and produced by activated immune cells such as T-cells, mast cells,
stromal cells and eosinophils themselves. Besides IL-5, CCL 11 (eotaxin) is necessary for
mobilization of eosinophils from BM to blood. Other cytokines such as IL-16, VEGF,
RANTES, CCL24 (eotaxin-2), CCL 26 (eotaxin-3) and platelet activating factor induce
eosinophil migration and chemotaxis [112].
An eosinophil is considered as a ‘powerhouse’ in tissues which expresses a large number of
receptors for cytokines, chemokines, and mediators of immune cell recruitment. On
activation, they secrete a plethora of cytokines and chemokines as well as toxic granule
proteins, which are important for regulation of both innate and adaptive immunity [159].

1.2.6 Regulation of Eosinophil Activation
An eosinophil is a very complex cell of the innate immune system which is also capable of
modulating adaptive immunity [160]. From its journey from BM to resident tissues, its
function needs to be tightly controlled to prevent unwanted and potentially hazardous
immune responses [112]. Like other cells in the body, eosinophil function depends on the
balance between activation and inactivation pathways. To prevent unwanted activation during
travelling through the vascular system, eosinophils remain inactive or in low activity status
ready to act once the site of action is reached [161]. In response to IL-5, IL-3, GMCSF or
other activating factors, eosinophils become activated through protein tyrosine kinase, JAK2,
and/or LYN pathways [161]. Upon activation, eosinophils demonstrate enhanced adhesion,
transendothelial migration, cytokines release and degranulation [161]. Activated eosinophils
typically express new as well as different level of existing cell surface molecules (Fig 1.4).
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Figure 1.4 Change in Eosinophil Cell Surface Markers on Activation

Fig: 1.4: Change in eosinophil cell surface markers on activation. Upon activation some marker
increase (CD11b, CD44,) some decrease (CD62, CD162) and some appear de novo (CD 25, CD69).
[161]

Eosinophils also demonstrate inhibitor receptor signalling pathways which prevent and
protect eosinophils from over or unwanted activation and help in maintaining tissue
homeostasis [112, 162]. To date, important members of Inhibitor receptor superfamily
reported are leukocytes –associated immunoglobulin like receptor (LAIR), CD300 family
members, sialic acid binding Ig-like lectins (Siglecs), NKG2-A/B [112] and signal regulatory
protein alpha (SIRP-α) [162]. Although these markers have been identified on eosinophils,
currently there are only limited data available regarding their role in eosinophil function.
CD300 inhibits IL5, GMCSF and eotaxin mediated eosinophil activation as well as migration
[163], CD300 and Siglec reduce survival of eosinophils by inducing apoptosis [112]. In
contrast to these two pathways, SIRP-α prolongs survival and inhibits degranulation [162].
1.2.6 Role of Eosinophils in Health and Disease
Since their discovery in 1879, eosinophils have been mostly characterized by three features:
1. Nonspecific immune cell with destructive and cytotoxic property [139, 160],
2. Negative role in asthma [124, 164] and
3. Necessary for host defence against parasites and helminths [165, 166]
In light of recent results from ongoing studies on eosinophils, it is becoming evident that their
function is much more diverse and complex than previously thought. Based on recent
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findings on the role of the eosinophil in various immune regulations, we need to change our
view on the role of eosinophil in health and disease [118] (Fig 1.5).
1.2.6.1 Role of eosinophils in local immune regulation (LIAR hypothesis)

In the face of accumulating data on the pleiotrpic effect of eosinophils, recent studies have
focused on the ability of eosinophils to strategically accumulate at tissue sites for the
maintainance of homeostasis both in healthy and pathological states (Fig 1.5)and thus
regulate local immunity and repair/remodelling (LIAR) [167]. As versatile regulators,
eosinophils enhance inflammatory response on one hand, but on the other, diminish the
proinflammatory response in an attempt to restore tissue homeostasis [158]. In addition,
eosinophils are now recognised as important cells connecting the innate and adaptive immune
systems [167].
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Figure1. 5 Novel and Diverse Function of Eosinophils[168]

Fig 1.5 : A diagrammatic of depiction of role of eosinophils in health and diseases[168]

Eosinophils have the ability to communicate with all immune cells [Fig 1.6] at the site of
accumulation and regulate the immune status of the microenvironment by modulating the
function of these cells [118]. Eosinophils are capable of inducing immunoglobulin M (IgM)
production from B cells and enhance survival of plasma cells and induce T cells proliferation
and cytokine release through antigen presentation [169]. Although the mechanism is not
clear, eosinophils have been implicated in promoting apoptosis by macrophages [113] and
modulation of the functions of alternately activated macrophages [170]. Eosinophil MBP
uptake is also important for DC maturation [111]. Eosinophil MBP, ECP and EPO are
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important regulators of mast cell activation and survival [144]; increased tryptase (a mast cell
enzyme) level and extensive fibrosis in hyper eosinophilic syndrome suggest co-operative
working relationship between mast cells and eosinophils [171] (Fig 1.6).

Figure 1.6 Communication between Eosinophils and Other Immune Cells

Fig1.6: Eosinophil communicates with other immune cells through cell surface ligands and cytokine to
modulate their functions. Eosinophils enhance survival of BM plasma blasts through APRIL (a proliferation
inducing ligand) and IL6 and mast cells through MBP, ECP and EPX (eosinophil protein x) and NGF (nerve
growth factor). MBP also activates Neutrophils. Maintain macrophages through IL4 and IL13. Act as antigen
presenting cell through MHC class II molecules. Increase IgM production from B lymphocytes and recruit
helper-2 T lymphocytes (Th2) and induce DC maturation through EDN [118].

1.2.6.2 Eosinophils and Cancer

Yoon first reported the association between solid tumours and eosinophilia in 1959 [172].
Since then the debate has continued into the role of cancer-associated eosinophilia. In the
clinical setting, eosinophilia is associated with better prognosis and improved survival in
invasive breast cancer [173], nasopharyngeal carcinoma [174], primary oesophageal
carcinoma [175], colorectal cancer [176], cervical cancer [177] and penile cancer [178]; but
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poor prognosis in small cell lung cancer [179], Hodgkin’s lymphoma and hematopoietic
malignancies [160]. Lowe (1981) proposed that in general tumour associated tissue
eosinophilia (TATE) bears a better prognosis whereas tumour associated blood eosinophilia
(TABE) carries a poor outcome [180].
Contradictory results have also been reported in the preclinical setting in animal models;
Mattes et al., (2003) reported eradication of metastatic lung melanoma by Th2 cells in
association with eosinophils [181]. A similar protective role of eosinophils in cancer has been
reported by Kataoka et al., (2004) in hepatocellular carcinoma and in fibrosarcoma by
Simson et al., (2007) [182, 183]. Particularly Simson et al., (2007) showed in their study that
primary fibrosarcoma in eosinophils producing (C57/BL6-IL5+/+) mouse model was greatly
attenuated whereas tumorigenesis was enhanced in three different mouse strains (CCL11 or
eotaxin knockout (CCL11-/-) mice, IL-5 and eotaxin double knockout (IL-5/CCL11-/-) mice
and mutated GATA promoter bearing ∆dblGATA mice) with low or absent eosinophils
[182]. In contrast, Cormier et al., (2006) failed to observe any positive role of eosinophil in
melanoma reduction in C57/BL6 mice [184].
In an attempt to understand the molecular mechanism behind these contradictory findings,
eosinophil granules and cytokines have been explored for their potential role in pro or antitumour effects of eosinophils. Independent studies have shown that necrotic proteins high
mobility group box protein-1 (HMGB), damage associated molecular pattern (DAMP) or
melanoma protein s100B released by tumours are capable of recruiting and degranulating
eosinophils through the receptor for advance glycation end product (RAGE) or by activation
of pattern recognition receptors (PRR) [185, 186]. These findings explain increased
eosinophils in TATE but whether proteins released from eosinophils have any effects on
tumour other than oxidising necrotic tumour proteins, is still not clear [186]. Mattes et al.,
(2003) reported decreased melanoma growth only in presence of extracellular MBP within
the tumour whereas intact eosinophils failed to show any reduction [181]. A similar finding
of increased extracellular MBP in TATE has also been reported by Cormier et al., (2006) in
melanoma and Caruso et al., (2011) in gastric cancer [184, 187]. However, unlike Mattes et
al., (2003) Cormier did not find any significant anti-tumour effects of extracellular MBP.
Besides cytolytic effects of MBP, EPO and ECP, eosinophils can modulate tumour growth
through cytokines IL-2 [188, 189], IL-4 [189, 190], IFN-γ and TNF-α [191, 192]. Eosinophils
inhibit angiogenesis at the tumour micro environment by decreasing expression of VEGF,
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FGF and PGF as well as reducing the leakiness of tumour vasculature [191]. At the tumour
micro environment eosinophils play a crucial role by recruiting and modulating the functions
of other immune cells. They recruit cytotoxic CD8+T cell by secreting IFN-γ and TNF-α and
take part in reprograming the alternately activated macrophages (M2) back to immune
competent M1 macrophages [191]. Eosinophils granzyme B has also been shown to induce
apoptosis of B cell lymphoma cell lines [193] (Fig: 1.7).
Figure 1.7 Tumour Modulating Role of Eosinophils' Proteins and Cytokines

Fig: 1.7: Possible mechanisms through which eosinophil can modulate tumorigenesis. [ MBP, major basic
protein; EPO, eosinophil per oxidase; ECP, eosinophil cationic protein; EDN, eosinophil derived neurotoxin,
RAGE, receptor of advanced glycation end products; IFN, interferon; TNF, tumour necrosis factor; IL,
interleukin; Siglec, sialic-acid-binding immunoglobulin-like lectins; SIRP, signal regulatory protein]

The complex nature of eosinophil function is regulated by the fine balance between activation
and inactivation regulators. Stimulation of activation regulators causes degranulation and the
release of a wide range of preformed proteins and cytokines resulting in an inflammatory and
immunological response [160]. Stimulation of inactivation regulators inhibits degranulation
and the release of cytokines thereby protecting the body from an unwanted or overwhelming
immune reaction. In one study targeted depletion of eosinophils by blocking Siglec8 a
‘negative regulator’ of eosinophil led to impaired reduction of tumour burden [191].
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Garcia et al., (2011) showed that the interaction between parenchymal CD47 and eosinophil
SIRP-α delays eosinophil apoptosis and prevents degranulation [162]. Recently it has been
found that in most solid tumours CD47 expression is increased [194] which would send a
‘don’t eat me signal’ to macrophages and DCs through the CD47/ SIRP-α pathway inhibiting
these cells from carrying out their immune functions thereby helping the malignant cells to
evade immune surveillance or clearance [194].
Whether the eosinophil is pro-tumorigenic or anti-tumorigenic could be explained by the
proposition that ‘eosinophils will act as anti-tumorigenic or as bystanders depending on their
activation status’. This proposition is supported by a growing body of literature which
demonstrates that eosinophils can attenuate tumour growth only when activated [182, 183,
189, 191]
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1.3 Cancer and Immunotherapy
1.3.1 Introduction
Cancer is a highly complex heterogeneous group of diseases, arising in various tissues with
great genetic diversity and instability [54, 195, 196]. To add to the complex nature of cancer,
new role players are being identified all the time. It is increasingly appreciated that the final
progression of cancer is not due solely to the genetic abnormality in the primary mutated
cell; instead, the end result will depend on the interplay between cancer cells and death
signal/survival signal pathways, immune system and the surrounding normal body tissue
[54].
1.3.2 Characteristics of Cancer
Progression from a normal cell to a malignant cell is complex and abnormality or
derangement in multiple steps involved in cell growth, proliferation and survival are required
for ultimate sustainability of tumour and metastasis [54]. To become full-blown it needs to
bypass or override several key regulatory or safety processes that usually keep it at bay.
Failure or abnormality in these safety processes gives rise to the common hallmarks of
cancer: 1) Persistence of proliferating signalling, 2) Evasion of growth suppressors, 3)
Resisting cell death, 4) Induction of replicative immortality, 5) Induction of angiogenesis and
6) Activation of invasion and metastasis [54]
1.3.2.1 Persistence of proliferating signalling

In normal homeostasis cell growth is tightly regulated by controlling the production and
release of growth

promoting factors. In cancer this control is lost, often by increasing

production of mitogenic factors together with enhanced expression of receptors by the cancer
cells which lead to uncontrolled proliferation through mitogen activated protein kinase
(MAPK) pathways [197, 198]. The best known is the ERK (extracellular signal-regulated
kinase) pathways. In this proliferation signalling pathway extracellular signals i.e. different
signals and growth factors cause activation of cell surface receptor tyrosine kinase (RTK).
Upon activation, RTK recruits Ras and B-Raf to the cell membrane for activation. Once
activated B-Raf phosphorylates MAPK kinase or MEK, activated MEK, in turn, activates
ERK. Activated ERK induces transcription of factors needed for cell proliferation and growth
[57]. Cancer cells can also induce the surrounding cells to produce factors necessary for its
proliferation [199]. Disruption of

MAPK

pathway is very common in many forms of cancer

including melanoma, which has been shown to be associated with both Ras and B-Raf
mutations [57].
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1.3.2.2 Evasion of growth suppressor

In order to gain all the characteristics of a cancer cell, proliferating cells must also evade the
growth suppressor program that usually prevents uncontrolled growth. Numerous tumour
suppressor genes have been identified in transgenic/knockout mice. Most important among
these are retinoblastoma (RB) and p53 genes [54]. RB protein (pRB) plays a central role in
controlling the cell cycle [68]. In many types of cancer, RB gene is mutated, leading to
uncontrolled cell cycle and tumour progression. Mutation in the RB gene or loss of pRB
functions are associated with many tumours firstly retinoblastoma after which it was named,
but also in cervical cancer, mesothelioma, Burkitt lymphoma and many others [68]. RB
protein includes three family members’ pRB/p105, p107 and pRB2/p130 that are collectively
known as ‘pocket proteins’. These ‘pocket proteins’ suppress gene transcription by binding to
elongation factor 2 (EF2) and promoter sequence. Binding leads to ‘brake’ on transcription
which is required for the transition from G1 to S phase of cell cycle [68].
Another important growth suppressor protein is p53 [54]. p53 is regarded as the ‘guardian of
the genome’ [69]. It is required for induction of cell cycle arrest, maintaining DNA or
genomic stability by promoting DNA repair and lastly for promoting apoptosis. p53 plays a
pivotal role in maintaining the health and growth of cells by transcription of important factors
as well as inhibition of other factors in response to endogenous and exogenous mutagens. It is
estimated that over 11 million people living with cancer have some kind of abnormality of
p53 [200, 201]. p53 induces cell growth arrest by blocking the cell entry at G1 and G2 of cell
cycle prior to DNA replication and mitosis in an attempt to correct DNA damage. p53 does
this by upregulating the expression of p21WAF1/CIP1/Sdi1 an inhibitor of cyclin-dependent
protein kinases (CDKs) [201]. Inhibition of CDKs leads to functional inactivity of cyclins
required at G1 and G2 stage of cell cycle. P53 also promotes apoptosis by upregulating
transcription of Bcl-associated protein X (Bax) which overrides the anti-apoptotic signal from
Bcl-2 [69, 200].
Mutations or inactivation of the p53 gene are associated with acquired and intrinsic treatment
resistance in human tumours including melanoma [202-204]. Radiation therapy can activate
p53 and induce a crucial block to cell cycle progression providing enough time for sufficient
DNA-repair prior to deleterious DNA-replication in S phase [202] [204]. On the other hand,
apoptosis may arise through p53-mediated signal transduction cascades leading to the
activation of the pro-apoptotic machinery [204]. Beside these two master tumour suppressor
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genes, there are numerous other factors which suppress uncontrolled growth e.g. TGF-β
[205].
1.3.2.3 Resisting cell death

One way mutated cancer cells survive is by avoiding programmed cell death pathways which
are in place to remove altered or mutated cells from the body. Changes in the tumour
microenvironment alters these programmed cell death mechanisms namely apoptosis,
autophagy, senescence and phagocytosis, leading to failure of removal of mutated cells,
promoting survival of cancer cells [54].
Apoptosis is defined as ‘programmed cell death’ characterised by distinct morphological
changes. It plays a vital role in various processes including normal cell turnover,
embryogenesis and development of different systems especially immune systems [206].
Dysregulation

of

apoptotic

pathways

is

associated

with

many

diseases,

from

neurodegenerative diseases to malignancies [206, 207].
Apoptosis is an energy dependent highly complex process which is dependent on a cascade of
molecular events [206]. Two main pathways recognised for execution of apoptosis are, an
extrinsic or death receptor pathway and an intrinsic or mitochondrial pathway [206]. Besides
these two, granzyme B also induces apoptosis. The extrinsic, intrinsic and granzyme B
pathways ultimately converge on the same executioner pathway [206]. The most important
machinery for apoptosis is a group of enzymes called caspases, which normally remain in an
inactivate zymogen form and only gain catalytic activity upon receiving appropriate signals
[207]. According to their functions, caspases are broadly classified into initiator caspases
(caspase-2,8,9,10) which are responsible for initiating apoptosis and executioner caspases
(caspase-3,6,7) which ultimately cause DNA fragmentation and cytoskeletal protein
breakdown [208]. There is a third group of caspases recognised as inflammatory caspases
(caspase-1,-4,-5) [206].
•

Extrinsic Pathway

The extrinsic signalling pathway involves the death receptor mediated pathway. The best
characterised ligands which initiate apoptosis through this pathway are TNF-α, CD95 or Apo1 or Fas [209]. Upon ligation of death receptor on the cell surface with its ligand, a
multimeric cytoplasmic protein complex is formed which activates the initiator caspase 8.
Once caspase 8 is activated it activates executioner caspase 3 committing the cell to apoptosis
[209].
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Figure 1.8 Extrinsic and Intrinsic Pathways of Apoptosis

Fig 1.8: Extrinsic and Intrinsic pathways of apoptosis. FADD, Fas associated death domain;
BID, pro-apoptotic member of the Bcl-2 family of protein; APAF, Apoptotic protease
activating factor. [208]

•

Intrinsic pathway

In contrast to the extrinsic pathway, the intrinsic or mitochondrial pathway is activated by
various non-receptor mediated stimuli which act intracellularly by altering the
transmembrane potential of the mitochondrial membrane and release proapoptotic
cytochrome c to the cytoplasm [210]. Once in the cytosol, cytochrome-c binds to and exposes
a nuclear binding domain on apoptotic protease activating factor 1 (APAF1) leading to
oligomerization of this molecule and formation of the apoptosome. This, in turn, activates
caspase 9 that subsequently activates executioner caspases (3,6,7) [208].
Apoptotic mitochondrial events are regulated by members of the Bcl-2 family of cytosolic
proteins [211]. Bcl-2 works in co-operation with the tumour suppressor protein p53, however,
the exact mechanisms are not fully understood [212]. The Bcl-2 family of proteins consists of
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both pro-apoptotic and anti-apoptotic groups of proteins which regulate the mitochondrial
membrane permeability depending on cell health. Bcl-2, Bcl-x, Bcl-XL, Bcl-XS, Bcl-w,
BAG belong to the anti-apoptotic group whereas Bcl-10, Bax, Bak, Bid, Bad, Bim, Bik, and
Blk proteins are pro-apoptotic [195]. The main role of this proapoptotic group of proteins is
‘to release or not to release’ cytochrome-c from inside to outside of mitochondria by altering
the membrane permeability [212]. Normally, anti-apoptotic Bcl-2 and Bcl-Xl inhibit the
release of cytochrome C from mitochondria through an ill-understood mechanism.

In

response to a suitable signal proapoptotic Bad can also heterodimerize with Bcl-Xl or Bcl-2
rendering them inactive and inducing apoptosis [213].
Two modulators of pro-apoptotic Bcl2 family, Puma and Noxa modulate p53-mediated
apoptosis [214]. Induction of p53 by DNA damage or oncogene causes upregulation of Puma
and Noxa expression. In-vitro, upregulation of Puma is accompanied by an an increase in
pro-apoptotic Bax expression. Once activated, Bax translocates into the mitochondria and
releases cytochrome c by reduction in the mitochondrial membrane potential [215]. Noxa
can localise to the mitochondria and interact with anti-apoptotic Bcl-2 family members,
resulting in the activation of caspase-9 [214].
The extrinsic apoptotic pathway is also linked to the mitochondrial pathway through Bid.
Caspase8 activated through Fas pathway or death receptor pathway cleave Bid leading to
mitochondrial damage and apoptosis [216, 217].
•

Execution Pathway

The extrinsic and intrinsic pathways converge in one final pathway by activating executioner
caspases. Activated caspase-3, caspase-6, and caspase-7, in turn activate cytoplasmic
endonuclease and proteases, cleaving various substrates including nuclear material,
cytokeratin and plasma membrane cytoskeletal protein [218].
Among the executioner caspases, caspase-3 is considered to be the most important one [219].
It activates one of the most important endonucleases; caspase associated DNase (CAD). In
proliferating cells or resting healthy cells CAD remains inactive in complex with its inhibitor,
ICAD. In apoptotic cells, activated caspase-3 cleaves ICAD to release CAD leading to
fragmentation of DNA [219].
•

Perforin/Granzyme Pathways

Cytotoxic T lymphocytes (CTL)s can induce apoptosis of virus infected cells or tumour cells
by forming a membrane pore and releasing Granzyme A or B within the target cell [220].
Granzyme B cleaves ICAD releasing CAD which breaks down DNA [219]. Granzyme B can
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mediate apoptosis or cell death by either the mitochondrial pathway or direct activation of
caspase-3 [221]. It has been suggested that Granzyme B mediated cell death is important for
controlling Th2 cell population even though it has no effect on Th1 cells [222].
•

Caspases and Cancer

Caspases have been implicated in various malignancies but unlike mutations of oncogene or
p53, mutations of these enzymes are relatively rare and even when present, cell death can
occur through alternate death signalling pathways [208]. Failure of apoptosis in malignant
cells appears to be more due to mutation or alteration of signalling pathways upstream of
caspase activation [208]. However, reduced expression of, or mutated caspases have been
reported in various malignancies, including childhood neuroblastoma (caspase-8) [223]; nonHodgkin’s lymphoma (caspase-9) [224]; colon carcinomas, oesophageal carcinomas
(caspase-6 and caspase-7) [225, 226] or rarely, in T-cell acute lymphoblastic leukaemia and
multiple myeloma (caspase-10) [227].
Published data also suggest that mutation of genes coding for caspases may protect against
tumorigenesis [228]. A recent meta-analysis of 23 publications from 55 individual studies
covering more than 50000 cancer cases concluded that caspase-8 mutations were associated
with a significantly reduced overall risk of cancer [228]. According to this study mutation of
caspase-8 confers protection against tumorigenesis by enhancing apoptosis though there is no
evidence of such claims in-vivo.
•

Other Cell Death pathways

Autophagy is a cellular process where a cell breaks down its own organelles and recycles
them for resynthesis purposes [229]. Normally it operates at a low level but can be strongly
induced in response to various adverse conditions like low nutrition, cytotoxic drugs or
radiation therapy [229]. It is linked with apoptosis through Beclin1 protein, a member of Bcl2
family. In the inactive state, it remains coupled with Bcl-2/Bcl-xL, but in response to stress it
dissociates and enables autophagy [230]. It also works downstream of PI3-kinase, AKT, and
mTOR kinase survival pathways in a reciprocal manner; if survival signal is reduced,
autophagy is induced [229]. Mutations in Beclin-1 gene have been shown to increase
susceptibility to cancer in an in-vitro model using MCF7 breast cancer cell line [231].
Paradoxically, stress associated with malignancy including increasing nutritional demand,
cytotoxic drugs or radiation therapy can induce autophagy and put the cells into a
metabolically favourable state, allowing it to survive in dormancy only to revive and relapse

40

when the situation becomes favourable again [229, 232]. The role of autophagy in health and
disease including tumorigenesis is an evolving field and still not fully understood [54].
Necrosis is a mode of cell death where cells swell and explode; releasing cellular contents
into the surrounding local tissue [195]. Historically, necrosis has been considered as an
unregulated process but that view has been recently challenged [54]. Evidence is emerging
that cell death by necrosis is regulated by genetic control in some instances. Similar to
autophagy, necrosis in the context of neoplasia has a dual role. Necrotic cancer cells recruit
inflammatory cells within the tumour microenvironment, whose function is to survey, control
and clean up the area of necrosis. On the other hand release of inflammatory cytokine from
these recruited immune cells may lead to enhanced tumour growth by fostering cell growth,
proliferation, angiogenesis and invasiveness [233, 234].
1.3.2.4 Enabling replicative immortality

Most cell lineages in the body are only capable of a limited number of cell divisions before
reaching senescence and death, a characteristic which is lost in cancer cells [54]. Telomere
shortening has been implicated in protecting the cells from unrestricted replicative growth.
Failure of telomere shortening leads to failure of senescence or death, promoting repetitive
replication leading to cancer progression [71]. Increased telomerase , an enzyme which
prevents shortening of the telomere has been reported in many cancers [71].
1.3.2.5 Induction of angiogenesis

The induction of angiogenesis is a very important characteristic of tumorigenesis. A tumour
needs metabolic fuel to sustain itself and to get rid of metabolic waste products, for which it
is dependent on blood supply. As the tumour grows so does angiogenesis, to keep up with
increasing demand [54]. During tumorigenesis, an “angiogenic switch” is activated causing
new vessels to form and grow. A large body of evidence indicates that the angiogenic switch
is controlled by the balance between two opposing factors that either induce or inhibit
angiogenesis [72]. The most commonly known angiogenic inducer and suppressor are
vascular endothelial growth factor-A (VEGF-A) and thrombospondin-1 (TSP-1) respectively
[72]. These proteins exert their effects through binding to stimulatory or inhibitory cellsurface receptors displayed by vascular endothelial cells [72, 235]. Fibroblast growth factors
(FGF)s and matrix metalloprotease 9 (MMP 9) are also important for tumour angiogenesis
[72, 236]. FGFs promote angiogenesis through receptors present on endothelial cells, while
MMP 9 breaks down extracellular matrix to accommodate proliferating blood vessels [237].
Mutations in the Ras and Myc oncogene operating within the tumour also promote
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angiogenesis via upregulated expression of angiogenic factors [54]. Tumour infiltrating
innate immune cells, principally macrophages, neutrophils, mast cells eosinophils and
myeloid progenitor cells indirectly modulate angiogenesis by secreting various angiogenic
factors within the tumour stroma [238, 239]
1.3.2.6 Activating invasion and metastasis

One of the major hallmarks of malignant cancer that separates it from a benign tumour is its
capacity to invade local and distant tissues [54]. Invasion and metastasis occur in multiple
steps which begin with changes in cell size, shape, cell surface properties [54]. Most
important is the loss of cell-cell adhesion molecule E-cadherin, concurrently with the
breakdown of extracellular matrix protein by MMPs which help these cells to invade the
surrounding tissue leading to local invasion [240, 241]. Next, the mutated cells enter the
nearby blood vessels spreading through blood or lymph to distant sites. Cancer cells
extravasate from the vessels into the tissue at the distant site, colonising to give rise to a
micro/macroscopic tumour [54]. Downregulation of E-cadherin is observed in many
metastatic cancers, with concomitant upregulation of N-cadherin, another protein which
promotes motility and migration [242, 243].

In addition to the E/N cadherin switch,

malignant cells undergo a developmental transition process known as ‘epithelialmesenchymal transition’ or EMT [242, 243], wherein epithelial cells lose their polygonal
shape and become spindle-shaped or fibroblastic. Losing E-cadherin with upregulated Ncadherin, these cells secrete ECM degrading enzymes leading to enhanced motility [240,
242].
For successful invasion and metastasis, cancer cells work in collaboration with stromal tissue.
Friedl et al., (2010) in their multiscale modelling system demonstrated that the physical
properties of ECM i.e. it’s rigidity, elasticity, polarity or orientation with other cells could
independently modulate mode of invasion [244]. Factors released from cancer cells could
potentially induce the stromal cells to secrete soluble factors which in turn act on cancer cells,
promoting metastasis [245]. Tumour infiltrating macrophages also help in the process of local
invasion by providing matrix degrading enzyme MMP and cathepsin under the influence of
cytokines released from cancer cells [246]. It has also been demonstrated that cancer cells
and macrophages work in a paracrine loop within the tumour. In one in-vivo study, colony
stimulating factor (CSF-1) secreted by the cancer cells stimulated tumour-associated
macrophages (TAM) to produce epidermal growth factor (EGF) which in turn helped the
cancer cells to develop invasive properties [247].
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Mode of invasion differs from cancer to cancer, in most squamous cell carcinomas invasion
occurs by nodule of cells migrating together, exhibiting low metastasizing capability while in
others, invasion occurs by individual cells [244] leading to high metastasizing capability.
How metastatic cells survive and colonise distant tissue is a complex issue, still not
completely understood [54].
1.3.3 The Emerging Role Players
Overcoming programmed cell removal
With expanding research on cancer, it is now becoming clear that there are other role players
at work for the successful survival of mutated cells beside evading apoptosis and cell death.
The mutated cells must also evade ‘programmed cell removal’ pathways [248].
Survival in the context of cancer cells includes avoiding pathways of programmed cell death
(including, apoptosis, senescence and autophagy). Alteration in these key regulatory
pathways gives rise to many types of cancer [54]. To survive, a cancer cell needs to escape
from its regulatory mechanisms, evade clearance by the innate and adaptive immune
responses and ‘programmed cell removal’ [248]. Programmed cell removal is a key
regulatory mechanism required for successful elimination of a dying cell. Macrophages play
the central role in programmed cell removal [248]. To prevent ‘dying’ or ‘apoptotic’ cells
from releasing proinflammatory molecules programmed cell death and programmed cell
removal needs to be linked and tightly controlled [249]. Both pathways can be triggered by
the same stimuli, but they can also act independently [249].
Once apoptosis starts the last step is to remove the apoptotic cell by phagocytosis before it
ruptures [248]. If the body’s system fails to eliminate the apoptotic cell, the cell bursts,
releasing proinflammatory cytotoxic molecules. Till recently removal of apoptotic cells had
been considered as the natural end stage process of apoptosis whereby dying and apoptotic
cells are removed by phagocytosis. However, now it is recognised that this removal process is
a dynamic programmed process involving the coordination between recognition of the cell to
be removed and removal by professional phagocytes [248]. The programmed cell removal
process is broadly divided into four steps (Fig 1.9).
1. Apoptotic cells must release cytokines to send 'find me' signals, to macrophage or
phagocytes to bring these ‘professional removalists’ to the site.
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2. Apoptotic cells need to express 'eat me' signals on their cell surface that would promote
recognition by the phagocyte and lead to phagocytosis. Expression of ‘eat me’ signals
involves tethering and formation of synapses between the apoptotic and phagocytic cells.
3. Cytoskeletal rearrangement and engulfment of apoptotic body by phagocytes
4. Degradation and digestion of the apoptotic body within the phagocyte [250].

Figure 1.9 Steps in Phagocytosis of the Apoptotic Cell

Fig 1.9: Schematic diagram of phagocytosis of the apoptotic cells by phagocytes. 1) release
of ‘find me’ signal by the apoptotic cells 2) ligation with phagocytes by sending ‘eat me
signal’ 3) cytoskeletal rearrangement of the phagocyte and engulfment of the apoptotic
cell/body 4) digestion within the phagocytes and release of cytokines [250]

•

‘Find me’ signals:

Finding the apoptotic cells before they rupture is a crucial step in programmed cell removal
by phagocytes [251]. It has been demonstrated that different ‘find me’ signals are released by
the apoptotic cells which recruit phagocytes in a tissue-specific manner. In an in-vitro study
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apoptotic lymphocytes released fractalkine (CX3CL1) a chemokine and intracellular
adhesion molecule to recruit macrophages [252]. In another in-vitro study apoptotic MCF7
breast cancer cells secreted lysophosphatidylcholine (LPC), attracting human acute
monocytic leukaemia monocytes (THP1) [252]. LPC induced expression of MCP1
(monocytes chemoattractant protein 1) and RANTES (regulated on activation, normal T cell
expressed and secreted) on the vascular endothelial wall thereby enhancing monocyte
recruitment [253]. Other ‘find me’ signals which have been reported are endothelial
monocyte-activating polypeptide II, transforming growth factor-β (TGFβ), nucleotides and
sphingosine 1 phosphate [248, 250].

•

‘Eat me’ signal

Once phagocytes are recruited, they bind to the apoptotic cells through the ‘eat me’ signal
present on the dying cells which ligates with receptors on the phagocytic cell. The process of
removal by phagocytes depends on recognition of 1) non-self or pathogen and 2) altered self
or apoptotic cell [250].
Removal or eating of the apoptotic cell is mediated by pro-phagocytic signals. Phagocytes
recognise altered cells via exposure of phosphatidylserine on the outer leaflet of plasma
membrane or due to the presence of modified sugar chains. Annexin A1 (ANXA1), TSP1,
calreticulin (CRT), intracellular adhesion molecule 3, oxidised low-density lipoprotein,
altered CD31, or absence of sialic acid residues on the cell surface [250]. The best known
early signals are exposure of phosphatidylserine on the outer leaflet of the cell membrane
[254], that causes it to bind directly or indirectly to receptors on phagocytes. Brain-specific
angiogenesis inhibitor 1 (BAI 1), T-cell immunoglobulin and mucin domain-containing
molecule (TIM), Stabilin-2, receptor of advance glycation end product (RAGE) are expressed
on phagocytes and act as phosphatidylserine receptors [250, 251].

•

Programmed cell removal in Cancer:

Survival of altered cells with the potential for tumorigenesis is prevented by programmed cell
death and programmed cell removal. Evasion of programmed cell death is a well-recognized
criterion of malignant transformation. New evidence suggests evasion of programmed cell
removal by innate immune cells also contributes to cancer development [194, 255, 256].
Better survival of cancer cell and tumour progression is associated with reduced ‘eat me’
signals. One such signal, ANXA1, has been shown to be down-regulated in prostate,
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oesophageal and head and neck cancers [257, 258], however, more research is needed to
understand the implication of programmed cell removal in malignancy [248].
The malignant cells also evade programmed cell removal by upregulating ‘don’t eat me’
signals [248, 250]. CD47 is gaining increasing importance in this context. [248, 250]. CD47
(integrin-associated protein) is a cell membrane protein expressed at low levels on the surface
of healthy cells and is recognised by SIRP-α (signal regulatory protein) receptor present on
phagocytes and other myeloid cells [259]. The presence of CD47 constitutes a marker of
‘self’ and on ligation with SIRP-α , it sends ‘don’t eat me’ signal to phagocytes to prevent
engulfment [260]. The presence of CD47 is a critical marker for immunesurveillance and it
has been demonstrated that it can inhibit engulfment even in the presence of
phosphatidylserine, and negatively correlates with apoptosis [261]. Recently several
independent studies have reported that CD47 expression increases in various tumours [194,
248, 262, 263]. It has also been shown that targeting CD47 or its ligand SIRP-α is associated
with phagocytic removal of cancer cells [62, 259, 260, 264]. Moreover, CD47 is involved in
caspase-independent apoptosis [256, 264, 265].
Ligation of cell surface CD47 on monocytes and DCs by extracellular matrix glycoprotein
TSP-1 is associated with cell shrinkage, phosphatidylserine exposure; reduction of
mitochondrial membrane potential and DNA fragmentation without caspase involvement
[256, 264].

•

Mechanism of CD47- SIRP-α interaction

CD47 is an integrin-associated protein (IAP) present on the cell surface [260]. It contains five
transmembrane regions with a single Ig-like domain that interacts with the NH2-terminal
domain of SIRP-α [266]. SIRP-α (also known as CD172a), is an Ig superfamily receptor
expressed on the surface of macrophages, granulocytes, DCs and neurons [259]. Unlike
CD47, SIRP-α contains a single transmembrane and a cytoplasmic region and three Ig-like
domains. The cytoplasmic region contains four Tyrosine residues with ITIM motifs
(Immunoreceptor Tyrosine-Based Inhibitory Motif), a structure that is responsible for SIRP-α
’s role as an inhibitory receptor [266]. Upon CD47–SIRP-α ligation, ITIM phosphorylates
which in turn recruits and activates the cytosolic src homology-2 domain containing protein
tyrosine phosphatases SHP-1 and SHP-2. SHP-1 and SHP-2, in turn, dephosphorylate a
variety of regulatory molecules inducing inhibitory signals [259].
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CD47 and Cancer Therapy
There is an increasing body of evidence that targeting the CD47/SIRP-α interaction may
control tumorigenesis. Anti-CD47 antibody treatment has shown improved phagocytosis of
cancer cells in-vitro [255] and targeting CD47 in acute and chronic leukaemia has resulted in
apoptosis of the cancer cells in a xenograft model in SCID mice [265]. Currently, an antiCD47 antibody is being used in AML (Acute myeloid leukaemia) patients in Phase 1 clinical
trial [266].

•

Tumour microenvironment and tumour associated immune cells and
tumour immunity/editing

Cancer of epithelial origin harbours several types of cells in its microenvironment including
cancer stem cells (CSC), endothelial cell, pericytes, tumour infiltrating leukocytes (TIL),
cancer-associated fibroblasts (CAF), and stromal stem cells. These cells, together with the
stromal elements at the tumour microenvironment play an important modulating role in
tumorigenesis and progression and form the basis of tumour-immunoediting. How they
modulate tumour growth and invasion is complex and still a new field in cancer research and
is beyond the scope of this review. Only TIL, which is relevant for this study will be
discussed briefly [54].
Tumour Infiltrating Leukocytes (TIL)

TIL are now accepted as ‘generic constituents’ of solid or epithelial origin tumours [54]. A
large number of both innate and adaptive immune cells have been found in the tumour
microenvironment and their role in tumour immunoediting is contradictory. Increased
number of CD4+CD25+FOXP3+ regulatory T cells (T reg), Th2 CD4+ T cells, MDSC,
TAM or M2 macrophages, mast cells and neutrophils within the tumour is frequently
associated with poor prognosis and tumour promoting potential [255]. The presence of these
cells is associated with release of a number of tumour promoting cytokines and growth
factors, namely tumour growth factor EGF, CSFs, proangiogenic factors VEGF, FGF2, as
well as matrix-degrading enzymes, including MMP-9, cathepsin and heparanase. These
stimulate cell proliferation, induce angiogenesis and EMT and facilitate invasion and
metastasis [239, 267, 268]. MDSC also adversely impacts tumour immunity by suppressing
the antitumor activity of CTL and NK cells [267].
In contrast, the presence of CD8+ cytotoxic T lymphocytes, Th1 and Th17 CD4+ T cells,
NK cells, DCs, M1 macrophages, and eosinophils have been suggested to indicate better
prognosis and have demonstrated anti- tumorigenic property in several types of cancer [181,
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191, 269]. NK cells have the ability to polarise M2 cells back to the more immune competent
M1 phenotype through interferon γ (IFN-γ) with concomitant improved immunoediting
[270]. Tumour-associated mature DCs with better antigen presentation and activated CD8+
T lymphocytes in association with IFN-γ have the capacity to supress the process of tumour
rejection [191]. The presence of eosinophils is a marker for improved prognosis in some
solid tumours [183]

•

Melanoma and apoptosis

To prevent disease and tumour formation, cell survival signals and death signals need to be
tightly regulated and act in concert [271]. Disruption of Programmed Death Pathways or cell
survival pathways has been established as the molecular mechanism of cancer causation and
survival [271]. Like most cancers, melanoma also shows disruption of both ‘Cell death’ and
‘Cell survival’ pathways [272]. Resistance to apoptosis is a well-recognized feature of
melanoma and disruption of p53 mediated intrinsic pathway of apoptosis has been reported
by researchers [204]. In 90 % of melanoma cases p53 has been reported to be inactivated
[204]. Once tumour suppressor p53 is inactivated, anti-apoptotic Bcl-2, Bcl-X and MCl-1
proteins are released from p53 control resulting in an imbalance between the pro-apoptotic
and anti-apoptotic signalling molecules [273]. The resulting increase in Bcl-2/Bax ratio
favours anti-apoptosis and survival of melanoma cells [273, 274]. Pro-apoptotic Bcl-2
member proteins Bax and Bak are also downregulated in primary melanoma, complicating
the already unfavourable scenario [275].

Disruption of cell survival pathway is also

implicated in melanoma causation. Upstream mutation in B-Raf and N-Ras leading to ERK
1/2 activation through MEK in melanoma leads to activation of anti-apoptotic Bad and Bim
and upregulation of anti- apoptotic Mcl-1 resulting in anti-apoptosis and survival of
melanoma cell [275]
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Aims and Objectives
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AIMS OF THE THESIS
Mistletoe (VA/ML) has been used as an adjunct to cancer chemotherapy for more than nine
decades, with substantial literature on the subject. In-vitro studies so far have shown that
VA/ML has the capability of inducing apoptosis in more than a hundred cell lines. There are
numerous reports on effects of VA/ML, including cytotoxic effects against cancer cells and
modulation of the functions of immune cells in-vivo, but findings are mostly inconsistent.
Two of the most consistent findings have been 1) improved quality of life of patients, and 2)
increased peripheral blood and injection site eosinophil count. However, the role of this
VA/ML mediated eosinophilia in cancer is not yet understood. Eosinophilia has also been
reported in many solid tumours with better prognosis and outcome in the clinical setting. A
limited number of studies have also reported anti-tumour activity of eosinophils in-vitro.
However, the claim that eosinophils could potentially assist in tumour eradication or tumour
immunoediting is not widely accepted. In fact, the presence of eosinophils in melanoma or
other solid tumours is regarded as a ‘paraneoplastic syndrome’ without any participatory role
at the tumour microenvironment.
Based on available literature (discussed above) and preliminary data from the Simson group
[182] I hypothesized that eosinophils have an important role in the antitumour effects of
VA/ML and that this is mediated via VA/ML modulated eosinophil activation. The overall
aim of this study was to investigate 1) the effects of a specific VA (i.e. VAQ) and ML on
melanoma growth, metastasis and survival using a B16F1 mouse model with a goal to dissect
the molecular pathways involved, and 2) the role of VAQ/ML mediated eosinophilia in
melanoma and its implication.
Figure 2.1 Overview of Objectives of this Study
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The specific aims addressed in this study are:
Aim 1. To investigate the role of VAQ and ML in reducing melanoma growth,
metastasis and effects on overall survival.
Aim 2. To investigate the effects of VAQ/ML on ‘Programmed Cell Death’ and
‘Programmed Cell Removal’ pathways.
Aim 3. To investigate the role of eosinophils in tumour immunity in response to VAQ/ML.
Aim 4. To characterise immune modulation at the injection site in response to VAQ/ML.
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Materials and Methods
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2.0 Materials and Methods
2.1 Materials
2.1.1 Cell Lines
Cell line
Source
B16F1

ATCC® Number

Mus musculus (mouse),

CRL-6323TM

Description
In culture: adherent

C57BL/6J

Tumorigenic in

Melanoma; Skin

syngeneic mice

2.1.2 Media and Buffers
Media

Source/Composition and storage

DMEM (Dulbecco’s

Sigma-Aldrich, St. Louis, USA; D6046, with glucose, L-

Modified Eagles Medium)

glutamine and NaHCO3

RPMI 1640 (Roswell Park

Sigma-Aldrich, St. Louis, USA; R8758 with L-glutamine and

Memorial Institute media)

NaHCO3

Complete DMEM

DMEM with 10% heat-inactivated newborn calf serum and
1% Penicillin/Streptomycin

Complete RPMI

RPMI with 25mM HEPES and 0.1% bovine serum albumin

HBSS (Hank’s balanced

Sigma-Aldrich, St. Louis, USA; H9269 withNaHCO3.

salt solution)
PBS (phosphate buffered

John Curtin School of Medical Research, Australian National

saline)

University, Canberra, Australia

HEPES

GIBCO, Life Technologies; 15630

RoboSep Buffer

Stemcell Technology,20104, PBS with 1mM EDTA and 2%
FBS

Easysep Buffer

PBS + 2% FBS with 5 % Easysep® Normal Rat Serum
(Stemcell Technologies, Canada)
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2.1.3 Antibodies
Antigen

Description of antibody

Manufacturer

Eosinophil major

rabbit polyclonal antibody raised

sc-33557

basic protein

against amino acid 1-223 representing

Santa Cruz,

full-length EMBP of mouse origin

Texas, USA

Phycoerythrin (PE) conjugated

127508

antibody to CD47

BioLegend, San

CD47

Diego, USA
CD172a (SIRP-α )

CD11b

Fluorescein isothiocyanate (FITC)

144006

conjugated antibody to mouse

BioLegend, San

CD172a

Diego, USA

FITC conjugated antibody to mouse

553310

CD11b

BD Bioscience
Pharm, USA

Ly6G-6C

FITC conjugated antibody to mouse

Cat: 553127

Ly6G-C

BD Bioscience
Pharm, USA

CCR3

PE-conjugated antibody to mouse

FAB 729P 100

CCR3

R&D Systems,
Australia

CD69

Hamster anti-mouse CD 69 PE

553237 BD
Bioscience

Goat IgG

Anti-rabbit, alkaline phosphatase

A3812, Sigma-

conjugated

Aldrich, USA

Rat IgG 2b, k

Isotype for CD11b

FITC Rat IgG1, к

Isotype control for FITC anti-mouse

BioLegend, San

CD172a (SIRP-α )

Diego, USA

PE Rat IgG 2a к

Isotype control for PE CD47
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2.1.4 Kits
Kits
Annexin-V-FLUOS Staining Kit

Manufacturer and use
Roche, Mannheim, Germany. 11988549001 for
detection of apoptotic and necrotic cells by FACS

EasySep™ Mouse Custom

Stem cell technologies, USA

Enrichment Kit which include

Cat 19709

Custom antibody cocktail for
negative selection
Custom Antibody (Anti-mouse
F/480 antibody)
Biotin selection cocktail
Magnetic nanoparticle
Alkaline Phosphatase Substrate

Vector Laboratories

Kit II

CA, USA
SK 5200
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2.1.5 Lists of Reagents
Newborn calf serum (NCS)
Fetal Bovine/Calf Serum

GIBCO, Invitrogen, Australia. 16010
GIBCO, Invitrogen, Australia, Cat NO. 10437028

(FBS/FCS)
3H- thymidine

[3H]Thymidine (5mCi) (Amersham Biosciences, UK)

Dimethyl sulfoxide (DMSO)

Sigma-Aldrich, St. Louis, USA, Cat: 154938

RBC Lysis buffer

BD Bioscience Pharm, USA
10X Cat 555899

Trypsin

ANU stored in 40C

EDTA

ANU stored in 40C

(Ethelenediaminetetraacetic acid)
Albumin (Bovine Fraction V) pH

ICN Biomedical, Ohio USA, Cat 103703

5.2
Trypan blue

(0.4 %) Sigma-Aldrich, St. Louis, USA
Stored at room temperature, in the dark.

Scintillation Fluid

Beckman Instrument
CA, USA

Penicillin+ Streptomycin

GIBCO, Invitrogen, AUS. Cat 15140

Rat serum

Stem cell technologies
Cat: 19700
Canada

TRIZMA(TRIS Base)

Sigma-Aldrich, St. Louis, USA, T1503

Tween-20

Sigma-Aldrich, St. Louis, USA
Stored at room temperature
Cat: P1379

May Grunewald Stain

Sigma-Aldrich, St. Louis, USA, MG500

Giemsa Stain.

Sigma-Aldrich, St. Louis, USA, GS500

Paraformaldehyde powders 95%

Sigma-Aldrich, St. Louis, USA, 158127
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2.1.6 List of In-house Prepared Buffers and Solutions
TBS (Tris Buffer Solution) (0.5M)
6.05g Tris, 8.76g NaCl, 1L H2O, pH
adjusted to 7.6 with 1 M HCl, 40C
TBST

0.1% Tween in TBS

4% PFA

40 g paraformaldehyde powder in 1 litre
sterile PBS with pH adjustment with 1 N
NaOH and dilute HCl to 6.9

2.5% BSA in PBS

2.5 mL of BSA in 97.5mL of sterile PBS

Sorenson Buffer

Appendix 3

Buffered distilled water
1% Trypsin EDTA in PBS

50 ml Sorenson buffer in 950ml of distilled
water
1 mL trypsin in 99mL of sterile PBS

FACS buffer (5% FBS in PBS)

5 mL heat-inactivated FBS in 95 mL of
sterile PBS

2.1.7 Viscum album Extracts Tested
VAs from Oak (Viscum album Quercus, VAQ), (Abnoba GmbH, Germany) was the primary
VA extract tested.
Table 6: Viscum album extracts used in this thesis
Extract
VAQ
VAQ

Host tree
Quercus
Quercus

Lectin (µg/ml)
11.45µg/mL
Lectins (total): 6.37 µg/ml

Lectin

Apple

5mg/ml

Viscotoxins (µg/ml)
50.33 µg/mL
Viscotoxins (total): 50.33
µg/ml

Batch
111A13*
904 A28 *

*Two batches VAQ were supplied by the donor (Abnoba GmbH, Hohenzollernstr. 16-D
75177 Pforzheim, Germany) during the study. Total extract per ampoule was 20mg/ml, but it
contained different amount of lectins and viscotoxin.

2.2 Tissue Culture Methods
2.2.1 Heat Inactivation of Serum
Newborn calf serum (NBCS) or Foetal Calf/Bovine Serum (FCS/FCS) (500ml) was thawed
overnight at room temperature. The following morning completely thawed serum was placed
in a 370C water bath allowing it to equilibrate. The temperature of the water bath was then
raised to 560C and serum was incubated for 35 minutes with inversion every 10 minutes. The
serum was allowed to cool at room temperature for 30 minutes. Heat-inactivated serum (HiFBS/FCS/NBCS) was then aliquoted into 50ml tubes and stored at -200C.
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2.2.2 Preparation of Complete DMEM
50 ml Hi-FBS, 1% (v/v) Penicillin and streptomycin sulphate (PS) (100U/mL) (Gibco,
Invitrogen, Australia) was added to 450ml Dulbecco’s Modified Eagles Medium (DMEM)
(Sigma-Aldrich, USA). Complete DMEM was sterilised by filtering with Corning® 500mL
Bottle Top Vacuum 0.2µm Filter. Complete DMEM was stored in 40C.
2.2.3 Cancer Cell Culture
B16-F1 cells were bought from ATCC and stored in liquid N2. For culture, cells were rapidly
(1-2 min) thawed in a 370C water bath and cells transferred to a 10mL Falcon tube (BD
Biosciences, USA) containing 9mL of complete DMEM. The cell mix was centrifuged at
1,000 rpm for 5 minutes at 40C and the cell pellet resuspended in 10mL DMEM.
Resuspended cells were transferred to a 25 cm2 vented cell culture flask (Corning Inc., USA)
and incubated at 370C in the presence of 5 %CO2.
Cells were usually passaged every 2–4 days. Briefly, cells were washed twice with PBS
followed by incubation in trypsin-EDTA for 3-5 minutes (370C, 5 %CO2). Dislodged cells
were diluted with complete DMEM to stop trypsin activity. The cell suspension was collected
and centrifuged at 1,000 rpm for 5 minutes at 40C. The cell pellet was resuspended in 10mL
DMEM; cells were counted and checked for viability and then transferred to a new vented
cell culture flask (Corning Inc., USA) at desired seeding density.
2.2.4 Freezing Cell Culture
Cell pellets prepared as above were resuspended in the cold freezing medium [95% complete
DMEM with 5% dimethyl sulphoxide (DMSO) at 1x106 cells/mL and dispensed in 1mL
aliquots into cryogenic storage vials (Iwaki, Japan). Aliquoted cells were stored at –800C
overnight in an isopropanol chamber. Next day cryovials were transferred to gas phase of
liquid nitrogen for long-term storage.
2.2.5 Cell Viability Assay (Trypan blue exclusion)
Cell viability was tested using Trypan blue dye. The cell sample was mixed with 4% trypan
blue solution at 1:1 ratio. 10 µL of the resulting cell suspension was loaded onto a
haemocytometer (Hauser Scientific, USA) and viable cells counted under a light microscope
(Nikon, Japan or Leica DM 1000 LED) at 40 x magnification.
2.2.6: Tritiated-thymidine Analyses
B16F1 cells prepared as per Section 2.7 were seeded at a concentration of 6,000 cells per well
(100 µL of 6 x 104 cell/mL suspension) in a 96 well plate (Corning Inc., USA). A serial
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dilution of B16F1 cells was also prepared on the same plate for use as a standard curve. The
plate was incubated (370C, 5% CO2) for 24 Hrs. followed by imaging on a Leica DM 1000
LED (Germany) microscope. Culture media was refreshed and varying concentrations of
freshly prepared VA-Q and equivalent concentrations of purified ML or media were added to
wells. The plate was incubated overnight (370C, 5% CO2), imaged and 1 µCi/well of tritiated
3

thymidine [ H] thymidine added to each well. Following incubation for 24 Hrs. (370C, 5%
3

CO2) to allow for [ H] thymidine incorporation into actively dividing cells, proliferation was
assessed by liquid scintillation counting. Briefly, cells were washed twice with sterile PBS,
trypsinized and collected by cell harvester (Inotech Biosystems, Switzerland) into 5 mL of
3

scintillation fluid (Amersham Biosciences, UK). [ H] thymidine radioactivity in the tubes
was read in the liquid scintillation counter (Hidex 300 SL, Finland) for 1 minute per tube.
The level of radioactivity in counts per minute (CPM) corresponds to the number of adhered
3

cells that were actively dividing, and thus had incorporated the [ H] thymidine into their
DNA in each well.
The percent inhibition of cell proliferation was measured by deducting the radioactivity of the
treated cells from the radioactivity of the untreated cells and then comparing it with the
radioactivity of untreated cells per well according to the following formula.

Inhibition of cell proliferation (%) =

(cpm [untreated] – cpm [treated]) * 100
cpm [untreated]

2.3 Histology Methods
2.3.1 Cytospin Preparation
For differential leukocytes count, freshly collected and purified cells from different tissues
were suspended in 10% serum in PBS at 2x104 cells/mL final concentration. Slides were
mounted behind filter cards (Thermo Electron Corporation, USA) and cuvette in the metal
holder of the centrifuge. 200-250µl of cell suspension was loaded in the cuvette and
centrifuged at 800xg (Shandon Cytospin centrifuge, USA) for 5 minutes. Cuvette and paper
were detached from the slide without damaging the fresh Cytospin, which was then air-dried.
Slides were stained using the May-Grunwald-Giemsa staining procedure.
2.3.2 May-Grunwald and Giemsa stain
Prepared Cytospin and blood smear from mouse tail vein were fixed in 100% methanol
(Scharlau, Spain) for 15 minutes. Slides were incubated in May-Grunwald staining solution
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for 5 minutes. Slides were then incubated in Giemsa stain solution for 10 minutes. Giemsa
stain was prepared by mixing 1 part Giemsa stock solution (Australian Biostain, Australia)
with 9 parts of buffered distilled water. Subsequently, slides were washed in three changes of
buffered distilled water followed by final 10 minutes incubation in the last change to ensure
proper differentiation of stain. Slides were dried and analysed under a light microscope for
total and differential counts of white blood cells.

2.4 Mouse Strains
Male Black6 (C57BL/6) and IL-5 transgenic (C57/BL6-IL5+/+) mice aged 6-8 weeks were
obtained from the pathogen-free facilities of the University of Canberra (UC) animal facility.
C57/BL6 wild-type and C57/BL6-IL5+/+ mice were used for different in-vivo experiments.
C57/BL6-IL5+/+ mice (male) were also used for eosinophil collection.

2.5 General Animal Handling Procedures
2.5.1 Monitoring of General Health of the Mice
Animals were housed in approved containment facilities and treated in accordance with the
UC animal experimentation guidelines. Mice were weighed every alternate day and also
checked for general wellbeing using body condition score (BCS) (Table 7). Once the tumour
was established tumour length and width was measured every alternate day with a digital
slide calliper and recorded. Mouse was culled if BCS fell below 2 or tumour length reached
more than 1 cm in any direction.

Table 7: Body Condition Scoring To Monitor General Well-Being of Mice
BODY CONDITION

SCORE

Skeletal structure is extremely prominent. Little or no flesh

1

Under condition with dorsal, pelvic bone readily palpable

2

Well-conditioned. Vertebrae and pelvic bone not prominent

3

Over conditioned. Vertebrae palpable only with firm pressure

4

Obese

5

2.5.2 Euthanasia
Mice were euthanised by CO2 asphyxiation procedure at the conclusion of the experiment.
Briefly, mice were placed in a tightly closed plastic container connected via a tube to CO2
container which was slowly turned on. Once animal activities slowed or they stopped
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moving, CO2 was turned off and mice left in the closed plastic container for another few
minutes to ensure that the animal had been euthanised properly. Once no pedal reflexes were
detected the animal was dissected and samples collected.
2.5.3 Anaesthesia
Mice were lightly anaesthetized with isoflurane (PharmaChem, Australia) using open drop jar
method of administration. 2-3 drops of isoflurane were applied to cotton wool placed inside a
jar with a lid. The cotton wool was covered by a mesh to minimise direct contact and prevent
systemic absorption of the anaesthetics by the mice. Mice were placed one by one over the
mesh in the jar and removed as soon as consciousness was lost.
2.5.4 Preparation of Blood Smear
A drop of blood was collected from the tail vein of mice, placed on a slide and a thin film
prepared. Dried slides were fixed in 100% methanol for 10 minutes and processed with MayGrunwald and Giemsa staining (2.3.2).
2.5.5 Tumour Collection
Establishment of different melanoma models has been described in respective result sections.
All in-vivo mice work has been repeated at least twice according to recommendations to
minimize use of animals for experiments by the University of Canberra Animal Ethics
Committee (UCAEC).
2.5.5.1 Subcutaneous tumour established on hind limbs

Tumour length and width was measured and recorded on alternate days using a digital
calliper. On the day of sacrifice, mice were euthanised with CO2 inhalation, tumour dissected
out and length and width measured with a calliper for estimation of tumour volume. The
weight of the tumour was also measured and recorded. Dissected Tumour was put into 10%
neutral buffered formalin for later histological analysis.
Tumour volume was calculated using modified ellipsoid formula:
Tumour volume = ½(length X width2)
2.5.5.2 Metastatic melanoma.

Both lungs of mice with metastatic melanoma were dissected out and placed into 4%
formalin for later analysis.
2.5.6 Blood Collection
On the day of sacrifice, 100µl of blood was collected by capillary tube from tail vein
puncture maintaining aseptic conditions. Blood was allowed to clot at room temperature for
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30 minutes, centrifuged for 15 min at 3,000 rpm (1500 × g) at 4°C and serum transferred into
another sterile tube and stored at -800C for future analysis.
2.5.7 Histological Analysis
Formalin-fixed tumours were processed and stained with Haematoxylin and Eosin (H&E) at
the histology section of John Curtin School of Medical Research. Eosinophils and apoptotic
cells were counted by an observer blinded to the treatment group. Immunohistochemistry
(IHC) for MBP was performed at the Anatomical Pathology Department of Canberra
Hospital using their established protocol for IHC (Details in Chapter 6).
2.5.8 Homogenising Spleen
Mice were sacrificed by CO2 inhalation. Upper left quadrant of the abdomen was washed
with 70% ethanol. After removing the skin, abdomen was cut open between upper and lower
leg on the left side. The spleen was exposed and removed using a pair of sterile forceps and
placed in ice-cold serum free HBSS. The spleen was placed into a cell strainer on top of a
petri dish in the biological hood, cut into small pieces and mashed using the plunger, to strain
the cells into the petri dish. The cell strainer was washed with 5mL HBSS and cells collected.
Cells were centrifuged at 1200rpm at 40C for 5 minutes and resuspended in 1 ml RBC lysis
buffer and incubated at room temperature (RT) for 10 minutes followed by washing with
sterile PBS. Cells were resuspended in 3mL sterile PBS and counted with a haemocytometer
using trypan blue.
2.5.9 Collection of Eosinophils
Peritoneal exudate of C57/BL6-IL5+/+ mice contain 40-60% eosinophils followed by
macrophage and lymphocytes [276], as such for all invitro eosinophil work C57/BL6-IL5+/+
peritoneal exudates were used. Peritoneal cells were collected from C57/BL6-IL5+/+
transgenic mice. The mice were sacrificed by CO2 inhalation; abdominal skin flap was
removed and the peritoneal membrane was exposed. Using a 5mL syringe with a 19 gauge
needle, 5mL ice-cold HBSS was introduced into the peritoneal cavity; peritoneum was
massaged and 4 ml HBSS with cells was withdrawn from the peritoneal cavity. This process
was repeated twice and cells collected from the indicated number of mice were pooled. The
cells were strained and collected by centrifugation at 1,000 rpm for 5 minutes at 40C. The cell
pellet was resuspended in 5mL of RBS lysis buffer for 5 minutes. The cells were washed
twice with PBS and resuspended in RPMI with 25mM HEPES and 0.1% albumin. The cells
were counted and checked for viability using Trypan blue as described in Section 2.2.4.
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2.5.10 Eosinophil Purification
Eosinophils were purified from peritoneal cells by Easysep Negative Selection Procedure for
Eosinophil. Briefly, peritoneal cells were resuspended in Easysep buffer (Stemcell
Technologies, Canada) at 1 x 108 cells/mL 50 µL/mL of Easysep negative selection antibody
cocktail and 50µl/mL of antimouse F4/80 antibody was added to cells, mixed well and left to
incubate for 15 minutes (40C). Cells were centrifuged at 1000 rpm for 5 minutes and
resuspended in Easysep buffer at the same concentration as before. 100 µL of Easysep biotin
selection cocktail per mL of cell suspension was added and left to incubate for 15 minutes
(40C). After gentle mixing, 50 µL Easysep magnetic nanoparticles were added per mL of
cells and left to incubate for a further 15 minutes (40C). The final volume of the cell
suspension was brought up to 10 ml with RPMI containing 25mM HEPES and 0.1% albumin
and placed in the Big Easy magnet for 10 minutes, before pouring out the supernatant, which
contained the purified eosinophil population. This resultant cell suspension was once again
checked for viability using trypan blue (Section 2.2.4).
Figure 2.2 Purified Eosinophils

Fig 2.2: Purified Eosinophil from mice peritoneal lavage was more that 90% pure by negative
selection method. Black arrow indicating eosinophils.

2.6 FACS Analyses
Single cell suspension was prepared in appropriate media and aliquoted into tubes at 2 x 105
to 1 x 106cells/test in appropriate media. Cells were washed three times with sterile PBS
resuspended in a suitable volume of staining buffer/FACS buffer (PBS with 5%FBS, see
section 2.1.6) and stained for test and control with a suitable antibody according to
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manufacturer’s protocol and analysed at the Flow Cytometry facility of John Curtin School of
Medical Research at Australian National University.

2.7 Statistical Methods
Representative data from two or three independent experiments are presented. Data are
presented as mean ± the standard error of the mean (SEM) OR mean ± standard deviation
(SD). Statistical analysis was performed using appropriate statistical methods with GraphPad
Prism 6. p ≤ 0.05 was considered as statistically significant.
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3.0 Chapter 3: Role of VAQ and ML in Tumour Load Reduction and
Survival in Mouse Models of Melanoma
3.1 Introduction
Mistletoe is one of the most widely used and studied complementary medicines for cancer.
Clinically, mistletoe extract has been widely used for gynaecological and breast cancer
patients by subcutaneous or intravenous injection as an adjuvant in cancer therapy [277]. A
systematic review of clinical studies examining the effectiveness of mistletoe extract in these
patients has shown some positive effects [4]. Incorporation of VA as an adjuvant in cancer
improves the prognosis and quality of life of the patients by enhancing the antitumour
response, strengthening the immune system, and reducing side effects of mainstream
chemotherapies [93, 278, 279]. Patients treated with VAQ (mistletoe extract from the oak
tree), have increased survival rates and improved quality of life [280] which has been linked
to leukocytosis and prolonged tissue-associated eosinophilia [84]. Tissue eosinophilia is not
strongly associated with other VA extracts, suggesting that eosinophils may play a role in the
anti-cancer activity induced by VAQ treatment specifically [84].
The focus of studies on mistletoe have been its effects as an adjuvant, but in isolated cases in
humans [281] and animal models, VA and ML have shown promising direct anticancer
effects due to cytotoxic and apoptotic effects [47].
Malignant melanoma is one of the leading causes of death from cancer in Australia [282].
Besides excision, primary treatments for melanoma include chemotherapy with
immunotherapy [283]. Over the last two decades immunotherapy is gaining more importance
in melanoma treatment and currently there are number of different options available
including monoclonal antibodies, adaptive cell transfer, cytokines, cytotoxic T lymphocyte
antigen-4 (CTLA4) pathway inhibitor, programmed cell death protein1 (PD-1/PD-L1)
inhibitor and therapeutic vaccine using DCs [284]. Unfortunately even with all the options,
malignant melanoma shows low response with poor outcomes [140]. There are limited
clinical studies examining the efficacy of VA on malignant melanoma with confounding
results. While one multicentre epidemiological cohort study showed significantly improved
survival [45], a phase III trial showed no difference between immunotherapy alone and with
mistletoe extracts as an adjuvant [44]. The data from animal studies is more consistent, with
ML use leading to reduced melanoma growth and spread in a SCID mice xenograft model in
Balb/c mice [29]. VA triterpenoids also showed enhanced antitumour effects on murine
B16F1 melanoma in C57/Bl6 mice [47]. Interestingly, low dose of lectin was more effective
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in reducing tumour size and metastatic deposit in SCID mouse compared to higher doses
[29]. Preliminary studies from the Simson group have found that VAQ treatment induces a
significant reduction in B16F1 melanoma tumour size in a mouse model; this was associated
with strong eosinophilic influx.
The effect of VAQ on immortalised cell lines has yielded varying results. In one study, low
dose lectin stimulated cell proliferation instead of inhibition of two malignant melanoma cell
lines (SK-MEL-28 and HT-144) whereas it did not stimulate cell proliferation at low dose in
Malme-3M and C32 [26]. Preliminary studies from the Simson group have found that VAQ
directly induces MCA-1 and B16F1 cytotoxicity. Together, the findings to date suggest that
VAQ/ML treatment can kill some, but not all, cancer cells primarily through effects on cell
proliferation and cell death.
In order to establish the role of VAQ/ML on mouse model of melanoma the present study
was designed to address the following questions:
1. What is the effect of VAQ and ML on subcutaneous and metastatic melanoma in a
B16F1 melanoma model in C57/Bl6 mice?
2. Do VAQ and ML have any effect on survival rate from melanoma?
3. Are the effects of VAQ and ML directly comparable (do other components of VAQ
also contribute to the observed effects)?
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3.2 Materials and Methods
3.2.1 Cell Lines
The cell line B16F1 was used to establish subcutaneous and metastatic melanoma in mice.
B16F1 was cultured according to established protocols (see 2.2.3) cells were harvested at
passage 3-6, checked for viability, washed and resuspended in ice-cold DMEM for injecting
into mice.
3.2.2 Mouse Strains
Male Black 6 mice (C57BL/6) aged 6-8 weeks were used. Animals were kept in 12:12-hour
light/dark cycle in University of Canberra animal facility and all experimental protocols were
approved by University of Canberra Animal Ethics Committee. Mice were monitored using
BCS (Chapter-2, Table 7). Animal studies were repeated two times instead of three times
whenever possible according the recommendations of UCAEC.
3.2.3 Melanoma Models
Three murine models were used to investigate the effects of VAQ and ML in-vivo.
1. Subcutaneously transplanted tumour model
2. Survival model
3. Metastatic lung melanoma model
3.2.3.1 Establishment of tumour (subcutaneous and survival models)

Freshly harvested (passage 3-6), 106 B16F1 cells were inoculated (day 0) subcutaneously in
the hind flank of mice in 0.1ml serum free medium. Blood smears were performed from tail
vein on day 0 to exclude any mice with high neutrophil count. On day 6, mice that had
developed tumours measuring more than 2x2 mm or did not show any tumours were removed
from the study. The 40 mice remaining were randomised into five different groups (Control
or PBS, VAQ 2.5µg and 50µg, ML 1.25ng and 25ng per mouse; Table 8). Treatment was
started on day 6; test compound was injected in 100µl 0f PBS every third day subcutaneously
around the tumour and the control group received 100µl of PBS (Fig 3.1). The general wellbeing of the mice was monitored by BCS (Table 7) and tumours were measured every
alternate day (Appendix 4&5).
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Table 8: C57/BL6 Mice groups for in-vivo studies
1: Subcutaneous Melanoma

VAQ in µg

Control
2.5

ML in ng

Total
N

25

50

75

1.25

25

8
8
7
7
2: Survival model
6
6
3: Metastatic Lung melanoma
Control
6

8
-

7

8
-

8
-

40
21

6

-

6

6

30

VAQ 50 µg
6

12

3.2.3.2 Subcutaneous melanoma model

Subcutaneous melanoma model was used to (1) compare the efficacy of VAQ and an
equivalent concentration of ML. 40 mice were used in each experiment; (2) to evaluate the
tumour reduction potential of different doses of VAQ in-vivo, Additional 21 mice were used
in separate experiment (Table 8). Mice were culled on day 13- 14 when the primary tumour
reached approximately 1 cm in diameter in any direction (Fig 3.1). This size was fixed as the
end stage of the subcutaneous tumours, as it causes minimal distress to the animals. Tumours
were collected weighed, measured and preserved in freshly prepared 10% neutral buffered
formalin for histological analysis.0In/C + Collect Blood smear
To evaluate the efficacy of different doses of VAQ, two more doses were evaluated in
another set of experiments using the same protocol. For this experiment, 21 mice were
divided into 3 groups. Two extra doses of VAQ 25, 75 µg/mice respectively were tested
(Table 8).
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Figure 3. 1 Timelines for in-vivo studies
A: Subcutaneous melanoma model
Day 0
Inject tumour cell line
S/C + Collect Blood
smear

Day 6
Start treatment
Test com in 0 .1ml
PBS media SC Every
3rd day

Day 13-14
Cull and sample
collection

B: Survival Model
Day 0

Day 6

Inject tumour cell line
S/C + Collect Blood
smear

Start treatment
Test com in 0 .1ml PBS
S/C Every 3rd day

Tumour size 1.5 cm, or
BCS<2, Cull and sample
collection

C: Metastatic Model
Day 0

Day 6

Inject tumour cell
line IV + Collect
Blood smear

Start treatment
Test com in 0.1ml
PBS IV Every 3rd day

Day 19-21
Cull and sample
collection
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3.2.3.3 Survival model

For survival analysis thirty C57/BL6 mice were divided into five groups (Table 8). Mice
were allowed to survive beyond their primary tumour size of 1 cm up to 1.5 cm. Endpoint for
survival was determined when the tumour reached 1.5 cm in any diameter or BCS reached
below 2. End point was fixed at this measurement as at this tumour size, movement and
general wellbeing of the mice start to deteriorate (Fig 3.1). Mice were also checked for
physical wellbeing following BCS (Table 7). The experiment was repeated twice. Results of
both experiments were integrated and analysed with Log-rank (Mantel-Cox) test using Graph
Pad Prism6. To evaluate the consistency of the measurement, tumour size was measured at
the end of survival time (Appendix 6).
3.2.3.4. Metastatic melanoma model

For the establishment of metastatic melanoma, 105 tumour cells were injected in 0.1ml serum
free media into the dilated tail vein post animal warming under the heat lamp. A blood smear
was done from tail vein on day 0 to exclude any mice with high neutrophil count. On day six,
12 mice were randomly divided into two groups (Table 8). To reduce animal requirement in
line with animal ethics recommendation only one treatment group (VAQ 50µg/mice) was
tested based on results from the subcutaneous model. The test compound was injected
intravenously with 100µl of PBS through tail veins every third day starting from day 6.
Mice were monitored every day with BCS for general well-being. The experiment was
terminated when the BCS reached 2 (around 19-21 days) (Fig 3.1). Mice were culled with
CO2 inhalation. Lungs were collected, washed in PBS and preserved in freshly prepared 10%
neutral buffered formalin (NBF).
3.2.4 Tumour Volume and Tumour count
3.2.4.1 Calculation of subcutaneous tumour volume

Tumour volume was calculated from the first day of VAQ/ML injection till mice were culled
on day 13-14 in case of subcutaneous melanoma model or on reaching the end point of
survival in case of survival model. Tumour volume was measured with a digital slide calliper
on every alternate day.
3.2.4.2 Calculation of % inhibition of tumour growth

To evaluate the tumour reduction potential of different doses of VAQ all the data from
various experiments was collated. Percent inhibition of individual tumour growth for the
(1) Treated mice were calculated using the formula:
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% ℎ 
=

Mean tumour vol. of the Control for a particular experiment − Tumour vol. of Test
! 100
Mean tumour volume of the Control

(2) Control mice were calculated using the formula:

% ℎ 
=

Mean tumour vol. of control for a particular experiment – individual tumour vol. of control
&100
Mean tumour volume of the Control

Data was analysed with GraphPad Prism6 using One-way ANOVA with Tukey’s Multiple
Analysis p< 0.05 was considered statistically significant.
3.2.4.3 Metastatic tumour count

After 2 days fixation in 10% NBF, lungs were dissected and metastatic deposits were
quantified by counting all the black tumours visible to the naked eye on the outside of excised
lungs. Results were expressed as mean (±SD) melanoma nodule/lung.
3.2.5 Eosinophil Count
Subcutaneous tumours preserved in 10% NBF were stained with chromotrope-2R for
eosinophil count at ANU histopathology unit. Five random fields within the fibrous stroma at
the tumour periphery were examined and the number of eosinophils was counted in each field
using a grid (x40 objective) and expressed as mean (±SD) of each tumour. Slides were
examined with Leica DM 1000 LED Microscope. Slides were visualised and photos were
taken with LAS V 3.6 software. Data was analysed with GraphPad Prism6 with One-way
ANOVA and Tukey’s multiple comparisons. P< 0.05 was taken as statistically significant.
3.2.6 Preparing VAQ and ML for Injection
VAQ and ML were prepared fresh in PBS on the day of injection. Lectin dose was calculated
according to the lectin concentration of the whole VAQ extract. It was injected in 0.1 mL
PBS subcutaneously in the subcutaneous and survival model or intravenously through the tail
vein in metastatic model.
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3.3 Results
3.3.1 VAQ and ML Reduced Melanoma Growth in C57/BL6 Mice
VAQ and ML have the capacity to decrease the rate of melanoma growth in C57/BL6 male
mice compared to the untreated (PBS) control. Reduction in melanoma growth was
significant within the group (F =6.01, R 2= 0.49). All the groups tested showed statistically
significant reduction in melanoma growth compared to the untreated group except the group
of mice that received 2.5µg VAQ/mouse (Fig 3.1B). Group treated with 50µg VAQ/mouse
developed the lowest tumour mass with mean tumour volume of 276.8 (± 28.81) mm3 (p=
0.002) compared to the untreated group (mean volume 629.4 ±110.3 mm3) (Fig 3.1B). ML
(25ng/mouse) equivalent to 50µgVAQ/mouse also showed significant reduction in tumour
growth, 291.8 (± 35.31) mm3 compared to untreated group (p=0.008). There was no statistical
difference between groups that received 50µg VAQ/mouse or 25ng ML/mouse (P= 0.97).
Although 1 ng ML/mouse group showed significant reduction in tumour growth (mean
volume 339.3± 64.12mm3) compared to untreated group (p=0.02),

equivalent VAQ

(2.5µg/mice) failed to show significant reduction in tumour growth (mean volume 484.6 ±
36.11 mm3) compared to untreated control (Fig 3.1B). Interestingly the growth difference in
VAQ 2.5 µg/mice and ML 1ng/mice was not statistically significant (p=0.47).
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Figure 3.2 VAQ and ML Reduced Subcutaneously Transplanted Melanoma Growth

A

B
p=0.008

Tumour Volume in mm3

p=0.02
p=0.002

800
600

p=0.97

400
200
0

PBS

2.5µg

50µg
VAQ

1.25ng

25ng
ML

Fig 3.2: Subcutaneous melanoma was established in C57/BL6 mice as described in 3.2.3. A.
Figure showing final tumour size in the control and treated mice at the time of culling (only
the groups with significant reduction and control shown). B. Bar diagram showing the mean
tumour volume in mm3 (± SEM) of each treatment group at the time of culling. Data was
analysed with GraphPad Prism6 using One-way ANOVA and Tukey’s multiple comparisons.
p<0.05 was considered statistically significant. Total mice N= 40X2
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3.3.2 Dose Independent Effect of VAQ in Tumour Growth Reduction
There is controversy about the optimum concentration of VAQ, so I was interested to test
whether tumour growth reduction in-vivo was dose dependent. As there was no significant
difference in tumour growth reduction between VAQ and an equivalent concentration of ML,
only VAQ was tested. Four different doses (of VAQ) were tested (2.5 µg, 25 µg, 50 µg and
75µg/mouse). Percent inhibition of tumour growth was statistically different within the group
(F =7.55, R2 =0.55). Mean (± SEM) percent inhibition of tumour growth was significantly
high with VAQ 25 µg (74.07% ±21.61) (p = 0.003), 50 µg (75.66% ± 20.69) (p= 0.001) and
75 µg (56.89% ±16.02) (p=0.01)) compared to the untreated control (11.12% ± 24.34) (Fig
3.2). Although there was inhibition of tumour growth with VAQ 2.5 µg, it was not
statistically significant (p= 0.5).
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Figure 3.3 Dose Independent Effect of VAQ in Tumour Growth Reduction

Fig: 3.3: Subcutaneous melanoma was established in C57/BL6 mice as described in 3.2.3.
Mice were treated with four different doses (2.5µg, 25µg, 50µg and 75µg/mouse) of VAQ.
Bar graph represents mean % (± SEM) inhibition of tumour growth in each group. Mice
treated with 25µg and 50µg showed greatest % inhibition of tumour growth compared to the
control. Data was analysed with GraphPad Prism6 using One-way ANOVA and Tukey’s
Multiple Analysis. N = 45X2.

80

3.3.3 Dose Dependent Effect of VAQ and ML on Improved Survival of
Subcutaneous Melanoma Bearing Mice
VAQ and ML improved survival of subcutaneous melanoma bearing mice (X2 = 29.05, p<
0.0001) with all the doses tested compared to the untreated control except VAQ 2.5 µg. Two
of the control mice and one VAQ 2.5µg treated mouse showed large tumour size upon
removing skin flap and were excluded from analysis. After the initiation of treatment, median
survival improved from 10.5 days in the untreated control to 14 days, 14.5 days and 15 days
in the group of mice treated with ML 1.25ng, ML 25ng and VAQ 50µg respectively (Fig 3.3).
All of which were statistically significant compared to the control (X2 =13.89, p= 0.0002
control versus VAQ 50µg) (X2 = 9.86, p=0.001 control versus ML 25ng). There was no
significant difference in the median survival of the mice treated with 50µg VAQ or 25ng ML
(X2 = 0.15, p= 0.69). Median survival was 11 days in the group of mice treated with 2.5µg
VAQ which was statistically insignificant compared to 10.5 days in the control mice (X2=
1.13, p=0.28). But compared to the control, low dose of ML (1.25ng/mouse) had significantly
better survival (median survival 14 days) than equivalent dose of VAQ (2.5 µg) (X2= 6.71, p=
0.0096 ML 1.25ng versus Control)
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Figure 3.4 VAQ and ML Treatment Improved Survival of Melanoma Bearing Mice

Fig 3.4: Subcutaneous melanoma was established in C57/BL6 mice as described in 3.2.3.
Survival Graph showing the proportion of survival with different doses of VAQ (2.5 and
50 µg/mouse) and ML (1.25 and 25ng/mouse) and in the untreated control. The analysis
was done by Log-rank (Mantel-Cox) test using Graph Pad Prism6. Data from two
independent experiments were incorporated for the analysis. (N=30) X 2.
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3.3.4 Survival was Significantly Higher with ML Irrespective of Dose
Effects of higher and lower doses of VAQ and ML on survival as well as survival with
equivalent concentration/dose of VAQ and ML were compared (Fig 3.4). Survival of
melanoma bearing mice was significantly different between the group treated with VAQ
(50µg/mouse and 2.5µg/mouse) with the median survival being 15 days and 11 days
respectively (X2 =10.73. p = 0.0011) (Fig 3.4.B); but interestingly survival was not
significantly different in the two doses of ML (25ng/mouse and 1.25 ng/mouse) (X2= 1.09,
p=0.29) (Fig 3.4. C). Although, ML 1.25ng/mouse apparently had a better median survival
(14 days) compared to VAQ 2.5µg/mouse (11 days), this difference was not statistically
significant (X2= 3.535, p= 0.06) (Fig 3.4a). When compared to the control, low dose of ML
had significantly better survival than an equivalent dose of VAQ (X2= 6.71, p= 0.0096).
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Figure 3.5 Survival was better with ML than with VAQ

Fig 3.5: Survival graphs showing % survival of melanoma bearing mice in response to different doses of VAQ and ML treatment. A. Low dose
of ML (1.25ng/mice) significantly improved the survival of mice compared to low dose of VAQ (2.5µg/mice). B. Survival was better with
higher dose of VAQ tested (50µg) than the lower dose (2.5µg). C. There was no significant difference in survival with the higher or lower dose
of ML. Survival analysis was done by Log-rank (Mantel-Cox) test using Graph Pad Prism6. [Total number of mice (N=30) x 2]
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3.3.5 Melanoma Growth Reduction is Associated with Increased Eosinophil

Recruitment at the Tumour Periphery
As tumour reduction and mouse survival were more significant with VAQ 50µg/mouse and
an equivalent concentration of ML (25ng/mouse) (Figures 3.1-4); only tumours from mice
treated with VAQ50µg or ML25 ng were analysed for eosinophil count as described in 3.2.5.
Mean (± SD) eosinophil count was 5.7 (±2.4), 15.33 (±3.6) and 12.88 (±2.8) in the untreated
control, VAQ treated and ML treated mice respectively (Fig: 3.5 D). Mean eosinophil count
was significantly different between the groups (F= 38.10, p<0.0001, R2 = 0.6978). Both
VAQ (50 µg/mouse) and ML (25 ng/mouse) treated mice had significantly more eosinophils
in the fibrous stroma at the tumour periphery compared to the untreated control (Fig 3.5. A,
B, C) (p<0.0001 in both instances). However, the difference in mean eosinophils count
between VAQ and ML was statistically insignificant (p=0.12) (Fig: 3.5D).
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Figure 3.6 Melanoma Growth Reduction was Associated with Increased Eosinophil Recruitment at the Tumour Periphery

Fig 3.6: Histology of subcutaneous B16F1 melanoma stained with chromotrope-2R stain for eosinophils. Slides were visualised by Leica DM 1000 LED
microscope. Eosinophils were counted in random five fields in the outer fibrous stroma of each tumour (x40). Photos were taken with LAS V 3.6 software. A:
Control C57/BL6 melanoma bearing mice treated with PBS; B: C57/BL6 melanoma bearing mice treated with VAQ (50µg/mouse); C: C57/BL6 melanoma
bearing mice treated with ML (25ng/mouse). (Black arrows indicates eosinophils). The lower row is ‘zoomed in images’ of the corresponding images in the
top row for better visualisation of eosinophils. D. Bar diagram showing mean eosinophil count (± SD) /HPF (High power field, x 40 objectives) in different
experimental groups. Data was analysed with GraphPad Prism 6 with One-way ANOVA with Tukey’s multiple comparisons. P <0.05 was considered as
statistically significant.
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3.3.6 VAQ Treatment is Associated with Reduced Metastatic Lung Melanoma in
C57/BL6 Mice
Metastatic lung melanoma was established as described in 3.2.3 and melanoma nodules were
counted (3.2.4).
VAQ treatment was associated with significantly reduced (P=0.004) count of metastatic
melanoma nodules in the lungs of VAQ50µg treated C57/BL6 mice compared to the
untreated control C57/BL6 mice (Fig 3.6 A). Mean (± SD) melanoma nodules in the lungs of
the VAQ treated mice (50µg) were 2.3 (± 1.2) compared to 7.4 (±1.8) (Fig 3.6B) in the
untreated control. (N= 12) X 2
Figure 3.7 VAQ Treatment was associated with Reduced Metastatic Lung Melanoma in
C57/BL6 Mice

Fig: 3.7: (A) Excised lungs showing metastatic melanoma deposits in control C57/BL6 mice and in
the treated mice (VAQ50µg/mouse). (B) Bar diagram showing mean (± SD) melanoma nodules/lung.
Data was analysed with unpaired t test using GraphPad Prism6. P < 0.05 was considered as
statistically significant. (Total mice N=12) x 2
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3.4 Discussion
VAQ (50µg/mouse) and an equivalent concentration of ML (25ng/mouse) showed a
consistent significant reduction in the growth of melanoma compared to control mice, with
significant eosinophil recruitment at the tumour periphery. These concentrations of VAQ and
ML also significantly improved median survival of melanoma bearing mice. VAQ at this
concentration also reduced metastatic melanoma of the lungs.
Results from this study are consistent with findings by Han et al., 2015, Huyen 2006 and
Struth et al., (2013) [47, 285, 286]. Han et al., (2015) reported reduced B16F1 melanoma
growth and improved survival in BDF1 mice treated with enteric coated Korean mistletoe
[286]. They reported a reduction of melanoma growth on day 14 and improved survival
beyond day 12. Though they used a higher concentration (430mg/kg/day, which is equivalent
to approximately 10mg/mouse/day, considering average weight of a mouse being
approximately 25gm) and different route of delivery of mistletoe, their reported melanoma
growth reduction of 76.3% at day 14 is comparable to 75.66% reduction in growth with
subcutaneous (SC) injection of 50µg VAQ/mouse at day 13 in this study (Fig 3.3). The rate
of survival was also similar in this study, being 38% and 30% on day 15 with SC VAQ 50µg
and ML 25ng respectively (Fig 3.4) compared to the survival rate of 33% at day 15 in the
treated group reported by Han et al., (2015) [286]. Struth et al. (2013) also reported reduced
B16F1 melanoma growth and improved survival in C57/BL6 mice with ML1from apple tree
[47]. They used 12 µg/kg ML1 preparations for the experiment. They injected ML1
(240ng/mouse) SC every second day for 10 cycles or till reaching the end point of the
experiment. Despite clear differences in the treatment regimen, their reported median survival
of 13 days in the ML1 treated group is comparable with my finding of median survival of 14
to 15 days in VAQ and ML treated mice (except VAQ 2.5 µg/mouse)(Fig 3.4).
However, neither of the above studies examined the efficacy of mistletoe preparation in
metastatic lung melanoma or eosinophil infiltration in melanoma in response to mistletoe
application. Theis et al., 2008 have reported reduction of metastatic lung melanoma with low
concentration (30ng/Kg) of ML-1 but the authors did not find any significant difference
between the control and mice treated with higher concentration of ML (1.1.4.4 Table 2) [29].
This is not surprising considering the fact that wide range of IC50/IG50 has been reported for
VAs (from 6.8µg/mL to 1mg/ml) and MLs (0.01ng/mL to 4µg/mL) from different sources
and preparations and in different cell lines [5, 7-9, 27]. In this study, melanoma growth
reduction and improved survival were observed with higher concentrations of ML and VAQ
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than the study by Theis et al., (2008). They reported significant melanoma reduction with
0.6ng/mouse (compared to 25ng/mouse in this study) [29]. This may be explained by the fact
that they used (i) BALB/c mice in contrast to C57/B6 mice in this study (ii) SCID mice that
are severely immune deficient compared to immune competent mice in this study (iii)
different cell lines, MV3 in contrast to B16F1 and (iv) different route and dose schedule [29].
The authors also reported a significant reduction of microscopic metastatic lung melanoma in
response to 30ng/kg ML-1 [29].
When considered in the context of clinical trials, the landscape is not as clear. Troger et al.,
[2013] reported significant overall survival (OS) in 220 patients with locally advanced
pancreatic cancer after 12 months treatment with SC injection of VAQ (0.1 to 10mg), which
is aligned with the results of my study [53]. Eisenbraun et al., (2011) also reported significant
improvement in health related quality of life after 10-30 weeks treatment with 0.01mg-2mg
VA from apple tree (VaM) [41]. Augustin et al., 2005 in their retrospective study involving
686 cases, on safety and efficacy of mistletoe extract on long-term treatment of stage II and
III primary melanoma without metastasis, showed improved survival with 10.7% in the
treated group vs 8.9% in the control [45]. In contrast, Mansky et al., (2013) did not find
significant difference in patient improvement between gemcitabine alone or with VAF in 44
patients with solid colorectal, breast, pancreatic or lung cancer; however the study population
was very small and consisted of heterogeneous group of a cancer patients at advanced stage
(IV) of disease [42]. Another important consideration is that VA from fir tree is richer in ML3 than in ML -1 compared to VA from apple tree (VAM) and Oak tree (VAQ) which are rich
in ML-1 [5]. In a large multicentre prospective clinical trial in 407 patients over 8 years,
mistletoe failed to show any clinical improvement in terms of survival in stage II and III
melanoma [44].
The seemingly contradictory data from preclinical and clinical studies could be due to the fact
that all clinical studies involved advanced disease and VA was used as an adjuvant to
conventional chemotherapy whereas in preclinical studies mistletoe treatment was started
very early in melanoma initiation.
In my study, one of the key findings was the melanoma associated eosinophilia in response to
mistletoe treatment (Fig 3.5); being the first report of this association. Eosinophilia
independent of mistletoe treatment in melanoma has been reported by many studies [184,
185, 287]. Eosinophilia has also been reported in association with mistletoe treatment in
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different kinds of malignancies in preclinical and clinical studies including gastric carcinoma,
pancreatic carcinoma, breast cancer and healthy controls [43, 65, 69, 74, 281] but not in
melanoma. Malignancy associated eosinophilia (specially TATE) has been shown to improve
survival and quality of life in many studies irrespective of whether it was induced by
mistletoe treatment or not [134]; which may explain (without considering the mechanism) the
improved survival in mice with VAQ and ML induced eosinophilia in my study.
Although mistletoe extract contains many biologically active ingredients, MLs (I, II and III),
and viscotoxins have been identified as the most potent in their anticancer properties [4, 5,
107, 288, 289]. To determine if ML was the main or sole mediator of the anti-cancer effects
of VAQ, equivalent doses of VAQ and ML were tested for their efficacy. There was no
statistically significant difference between the effects of equivalent doses of VAQ and ML
(3.2). However, 50µg VAQ/mouse demonstrated better but statistically insignificant antitumour efficacy and median survival rate than the equivalent ML dose (25ng/mouse) (Fig 3.2
& 3.4); which may be due to additive effects of viscotoxin [4, 5, 107, 288, 289].
There was no direct dose dependent effect of VAQ in melanoma (Fig 3.3). This finding is
consistent with studies reporting improved tumour reduction with lower rather than higher
concentrations [31] or nonsignificant tumour reduction with very low concentrations [33, 35].
Gene array analysis of lymphocytes treated with Korean mistletoe has shown that lower
concentration of ML could upregulate the expression of TNF-α., IFN-γ genes in leukocytes,
whereas TNF-α. and IFN-γ genes were downregulated by the higher concentration of ML
[18] which could explain my findings.
Overall, results of this chapter are in accordance with many reported studies on the tumour
attenuating efficacy of mistletoe extract as well as its ability to improve survival; potentially
in association with eosinophilia, in the mouse model of melanoma. These results lead to the
next two questions for my study:
1. What are the molecular mechanisms that underlie melanoma growth reduction by
VAQ and ML?
2. What is the role of VAQ/ML induced eosinophilia on melanoma?
The above two research questions are addressed in Chapters 4 and 5 respectively.
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Chapter 4 Effect of VAQ and ML on
B16F1 cell survival
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4.0 Chapter 4: Role of VAQ and ML in Tumour Load Reduction of B16F1
Cell Lines
4.1

Introduction

The etiology and progression of cancer can be attributed to two basic lesions, mutations that
give rise to uncontrolled and excessive proliferation of cells and a compensatory disruption of
cell death pathways that ensures the persistence of these abnormal mutated cells [196].
Current and potential chemotherapeutics for cancer target these basic steps, and inhibit
uncontrolled

cell

proliferation

or

promote

apoptosis

[196].

Many

cytostatic

chemotherapeutics targeting cell proliferation can result in drug resistance if the upstream cell
survival signals are deregulated [196].
The anti-tumour effects of VA in-vitro and in-vivo could be due to cytostatic or cytotoxic
effects or both, as VA and ML promote inhibition of endogenous protein synthesis, prolong
cell cycle in sub-G1, induce apoptosis and have anti-angiogenic properties [15, 17, 48, 49, 50,
60, 61]. ML is a type II ribosome inactivating protein [15] and limits proliferation of cancer
cells by inhibiting protein synthesis through hydrolysis of the glycosidic bond of 28S
ribosomal RNA with downstream effects on translation of a large number of proteins [15].
VA/ML has been shown to induce apoptosis in a p53 independent manner by upregulation of
pro-apoptotic Bax, down-regulation of antiapoptotic bcl-2 genes and activation of various
caspases [61]. The pro-apoptotic effects of VA/ML are cell type dependent as well as
dependent on dosage and method of extract preparation (section 1.1.4.3).
The immune system plays a major role in limiting the incidence of cancer; failure of immune
surveillance is associated with initiation as well as progression of cancer. Discrimination
between living, dying and dead cells is an essential requirement for appropriate clearance of
apoptotic cells by phagocytes [290] and a defect in this function can support cancer cell
survival [248]. Mutated cell recognition and subsequent engulfment require the expression of
‘eat-me’ signals leading to the generation of recognition ‘synapse’s ultimately leading to the
removal of defective cells [290].
Many cancer cells evade immune clearance by expressing high levels of CD47, a marker of
self which exerts a “don’t eat me” signal preventing phagocytosis by macrophages, thus
mediating immune escape [194]. CD47 recognises SIRP-α, a critical immune inhibitory
receptor present on myeloid cells including macrophages, DCs, eosinophils, fibroblasts and
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epithelial cells [291].

Synapse or interaction between CD47 and SIRP-α prevents

phagocytosis of the CD47 expressing cells thereby prolonging survival [290].
One of the criteria for efficient phagocytosis of apoptotic cells is reduced expression of CD47
on the cancer cells to enable ligand binding with phagocytic cells [248]. To date, there is no
information about the CD47 expression on B16F1 cell lines. Whether CD47-SIRP-α
interaction is involved in the observed VAQ and ML induced tumour reduction is also
unknown.
In Chapter 3, I have shown that VAQ and ML significantly reduce tumour growth and
improve survival of melanoma bearing C57/BL6 mice. I was interested in determining if this
growth

reduction

was

due

to

inhibition

of

protein

synthesis

or

whether

apoptosis/phagocytosis was also involved. In this study, I have used cell culture models to
determine the effect of VAQ and ML on survival, proliferation and death of melanoma cells
and investigated possible cellular mechanisms underlying the observed effects.
Together with the observations in-vivo (Chapter 3), I hypothesised that VAQ/ML mediate
their antitumour effects via induction of apoptosis as well as phagocytosis and that this may
be associated with CD47 expression. Hence, this study was designed to address the following
questions:
1. Does VAQ/ML induce apoptosis in the melanoma cell line B16F1?
2. Does VAQ/ML induce a change in the cell surface expression of CD47 on B16F1
cells?
3. What is the association between the apoptosis and CD47 expression by B16F1 cells in
response to VAQ/ML treatment?
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4.2. Materials and Methods
4.2.1. Culture of B16F1
B16F1 cells were cultured and maintained as previously mentioned (2.1). All experiments
were performed with cells at passage 3-6.
4.2.2. Preparation of VAQ and ML
VAQ extract and purified lectin (ML) were supplied by Abnoba Germany. VAQ was
supplied as a 20 mg/ml solution in phosphate ascorbate buffer in an injectable form. ML was
supplied in sterile PBS (Appendix 1). VAQ and ML were diluted immediately before each
experiment. As different lots of VAQ had different lectin concentrations, the equivalent
concentration of purified lectin (ML) was used. In short, concentration of ML tested was
calculated depending on the concentration of ML present in the whole VAQ extract. VAQ
and an equivalent dose of ML were first diluted in PBS and then final concertation was
prepared in complete DMEM for in-vitro cell culture studies. [See also 2.3]
Dose tested: Different concentrations of VAQ and equivalent concentrations of ML were
tested for effects on cell proliferation.
Table 9: Concentration of VAQ and ML tested for cell proliferation assay

VAQ

75µg/ml

150µg/ml

250µg/ml

500µg/ml

750µg/ml

ML

25ng/ml

50ng/ml

85ng/ml

165ng/ml

250ng/ml

4.2.3. Effects of VAQ and ML on Proliferation of B16F1
6x103 B16F1 cells/well were incubated in 96 wells plate in 100 µl of complete DMEM. The
plate was incubated overnight in 5% CO2, at 370C. After 24 Hrs. cell health, growth and
proliferation were checked under a light microscope (Leica DM 1000 LED, X10 objective)
and images were acquired with LAS V 3.6 software. Media was replaced with fresh media or
media containing VAQ or an equivalent concentration of purified ML in triplicate. Cells were
left to incubate in 5% CO2 at 370C for another 24 Hrs. Cell health and proliferation were
checked again as above. 1µCi H3-Thymidine was added to each well and incubated overnight.
On the next day microscopy was repeated, images acquired. Cells were harvested using a cell
harvester (Inotech Biosystem, Switzerland) and β activity (Count per minute=CPM) was
measured in a beta counter (Hidex 300 SL). Effects on cell proliferation were evaluated as
percent inhibition of cell growth compared to untreated cells using the formula:
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Inhibition of cell proliferation (%) =

(CPM [untreated] – CPM [treated]) X 100
CPM [untreated]

4.2.4. Analysis of Apoptosis and Necrosis by FACS
1X105 B16F1 cells/well were seeded in 12 well plates in complete DMEM and incubated
overnight at 370C and in 5%CO2. Media were replaced with fresh media containing VAQ or
an equivalent concentration of ML in triplicate and left to incubate for another 24 to 48 Hrs.
After 24 or 48 Hrs. plates were washed twice with PBS, and all cells in the supernatant and
wash were collected after centrifugation. Still attached cells were trypsinized and added to the
cells from supernatant and wash. Cells were washed in ice-cold PBS and counted. 106 cells
were stained with 100µl of freshly prepared Annexin V-Fluorescein (FITC) and Propidium
Iodide (PI) staining solution (Annexin –V-Fluos Staining Kit, Roche Cat 858 777 001).
Briefly, 20 µl of ready to use Annexin-V-FITC and 20 µl of PI were mixed with 1 ml of
ready to use HEPES buffer. Cells were stained in triplicates and incubated for 30 minutes in
the dark at room temperature. Cells were washed twice with ice-cold FACS buffer (section
2.1.6) and resuspended in 250 µl FACS buffer and kept on ice until analysis. Cells were
processed by FACS (BD Biosciences FACSVantage SE, USA) based on green (FITC) (FL1)
and red (PI) (FL2) fluorescence activity after proper compensations. Data was analysed with
FlowJo_V10.
4.2.5. Analysis of CD47 Expression by FACS
1X105 B16F1 cells/well were incubated overnight in complete DMEM at 370C and in 5%
CO2 in 12 well plates. Media were replaced with VAQ or ML containing media and cells
were allowed to grow for 48 Hrs. After designated period cells were trypsinized, washed
twice with ice-cold PBS, resuspended and incubated in ice-cold FACS buffer for 20 minutes.
Cells were centrifuged at 1200 rpm at 40C for 5 minutes and resuspended in 100µl of staining
buffer containing mouse anti CD47-PE antibody (Biolegend, Cat. 127507) in ice-cold FACS
buffer (described in 2.1.6) (1:1000 dilutions) and incubated for 2Hrs. at 40C in the dark. Cells
were washed three times in 500µl ice-cold FACS buffer and resuspended in 250µl of ice-cold
FACS buffer. Cells were processed by FACS (BD Biosciences FACSVantage SE, USA), the
primary gate (P1) was established based on forward (FSC) and side scatters (SSC). Cells in
the P1 gate were then further analysed for CD47 in the red channel (FL2). Results were
analysed by FlowJo_V10.
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4.2.6. Statistical Analysis
Results were analysed with appropriate statistical methods using GraphPad Prism 6. p< 0.05
was considered as statistically significant.
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4.3 Results
4.3.1 VAQ Reduced Proliferation of B16F1 in a Concentration and Time
Dependent Manner
VAQ reduced proliferation of B16F1 cell growth compared to the untreated control in cell
culture (Fig. 4.1). Treatment with all the concentrations (50µg/mL to 750µg/mL) tested
resulted in reduced growth of B16F1 cells over time (Fig: 4.1). At the lowest concertation
tested (50µg/mL) there was visible growth reduction after 24 Hrs. of VAQ addition which
continued till 36 Hrs. compared to the untreated control (Fig 4.1 Column 2, 3, Row B). By 36
Hrs., the untreated control cells became more than 80% confluent (Fig 4.1 Column 3, Row
A), whereas none of the VAQ treated cells reached 80% confluent within the same time. This
growth inhibition became more pronounced with increasing concentration. At the highest
concentration tested (750µg/mL), VAQ showed reduced B16F1 proliferation after 24Hrs. of
treatment (Fig: 4.1, Column 2, Row F). After 36 Hrs. cell death was evident with cellular
debris, floating cells and rounding up of cells (Fig: 4.1 Col 3, Row F).
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Figure 4.1 VAQ Inhibits B16F1 Proliferation in Cell Culture in a Concentration and
Time Dependent Manner

Fig: 4.1: Effects of mistletoe extract (VAQ) on B16F1 cell culture. B16F1 cells were incubated under standard
cell culture conditions as described in 4.2.3. Cell health and proliferation were monitored before (0 Hr.) and
after (24 and 36 Hrs.) adding different concentrations of VAQ by Leica DM 1000 LED microscope (X10) (B to
F). Images were acquired with LAS V 3.6 software. The experiment was performed in triplicate. Data are
representative of 3 independent experiments.
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4.3.2 ML Reduced Proliferation of B16F1 in a Concentration and Time
Dependent Manner
To determine if ML has different growth reduction potential than VAQ, B16F1 cells were
incubated with equivalent concentrations of ML in triplicates (ML present in corresponding
µg/mL of VAQ), following the same protocol for VAQ as described in 4.2.3. ML also
showed reduced growth proliferation of B16F1 in a time and dose dependent manner (Fig
4.2), however inhibition of proliferation was less than that of corresponding concentration of
VAQ (Fig 4.1. and 4.2). Although both VAQ and ML were able to reduce proliferation of
B16F1 in cell culture, cell death (cellular debris or floating cells) was less evident by light
microscopy with equivalent concentration of ML than with corresponding concentration of
VAQ even with the highest concentration tested ( ML250ng/mL vs VAQ750µg/mL) (Fig
4.2, Col 3, Row F).

103

Figure 4.2 ML Inhibits B16F1 Proliferation in Cell Culture in a Concentration and
Time Dependent Manner

Fig: 4.2: Effects of ML on B16F1 cell culture. B16F1 cells were incubated under standard cell culture
conditions as described in 4.2.3. Cell health and proliferation were monitored before (0 Hr.) and after
(24 and 36 Hrs.) adding different concentrations of ML by Leica DM 1000 LED microscope (X10) (B
to F). Images were acquired by LAS V 3.6 software. The experiment was performed in triplicate. Data
are representative of 3 independent experiments.
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4.3.3 VAQ and ML Inhibited Proliferation of B16F1 in a Concentration
Dependent Manner
All the concentration of VAQ/ML tested showed significant percent inhibition of B16F1
proliferation in cell culture compared to untreated control (Fig: 4.3) (F= 216.6, p<0.0001,
R2= 0.97). Mean percent inhibition (±SD) with lowest VAQ concentration (75µg/mL) tested
in this study was 65.1% (± 6.73) while mean percent (±SD) inhibition with corresponding
concentration of ML25ng/ml was 51.04% (±10.53) compared to 7.95 % (± 8.79) in the
untreated. With increasing concentration percent inhibition increased; reaching 98.63%
(±0.14) with VAQ750µg/mL and 90.32% (±1.22) with ML 250ng/mL (Fig: 4.3).
Percent inhibition of B16F1 growth by VAQ was significantly more with 75µg/ml to
500µg/ml compared to the equivalent concentration of ML (p=0.007, 0.002, 0.002, 0.01
respectively for VAQ 75, 150, 250 and 500 µg/mL). However the highest concentration
tested in this study did not show any statistically significant (p=0.09) difference in growth
reduction of B16F1 by VAQ (750µg/mL) and ML (250ng/mL) (Fig: 4.3).
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Figure 4.3 VAQ/ML Inhibited B16F1 Growth in a Concentration Dependent
Manner

Fig 4.3: B16F1 cells were cultured in the presence of VAQ or equivalent concentration of
ML for 36 Hrs. as described in 4.2.3. Cell proliferation was measured by H3- thymidine
incorporation. Percent inhibiton of cell proliferation was calculated as described in 4.2.3.
Data was analysed with GraphPad Prism 6 using One-way ANOVA and Tukey’s multiple
comparisons and p<0.05 was taken as statistically significant. Mean percent (±SD) inhibition
in response VAQ and ML is shown. Data are representative of three independent experiments
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4.3.4 VAQ and ML Induced Apoptosis of B16F1 Depending on Time and
Concentration
To investigate the nature of growth inhibition of B16F1 by VAQ and ML, apoptosis and
necrosis were studied by cell surface marker Annexin V and PI positivity using flow
cytometry (Fig: 4.4).
At 24 Hrs., VAQ/ML induced apoptosis of B16F1 to some extent compared to the control
(4.33% ± 1.32) with all the concentrations tested but the increase was not statistically
significant except with VAQ500µg/mL (13% ± 2.47)(p < 0.0001). After 24 Hrs., VAQ
treatment also showed significant late apoptosis (21.6% ± 0.79) and necrosis (2.52% ±0.79)
of B16F1 cells with 500µg/mL (Fig 4.5 A, B, C), compared to the untreated control [ late
apoptosis 5.72% (± 0.57), necrosis 0.56% (± 0.04)], (p<0.0001, p<0.0001 and p< 0.02
respectively). This finding is consistent with the observation of cell death in cells treated with
higher concentration of VAQ by light microscopy (Fig 4.1 Column 2 Row E).
At 48 Hrs, mean percent (±SD) apoptosis increased significantly to 32.20% (±11.99), 62. 57
% (± 4.32), and 59.50 % (± 4.84) with 12.5, 125 and 250ng/mL of ML respectively
(p<0.0001 in all instances) compared to the untreated control (7.08% ±5.2); at this time
period apoptosis also increased with 250 and 500µg/mL of VAQ to 64.43% (±9.72), and
53.60% (±1.039) respectively (p<0.0001 in both instances) (Fig 4.5. A). At 48 Hrs., both ML
and VAQ treatment showed significant late apoptosis at the higher concentrations; (11.7% ±
3.54) and 13.37% ±1.07) with 125 and 250ng/mL of ML respectively (p< 0.0003 and <
0.0001) and 13.97% (±2.75) and 29.30% (±1.73) with 250 and 500µg/mL of VAQ
respectively (p<0.0001 in both instances) compared to control (4.03% ±2.45) (Fig 4.5B).
Necrosis was significantly higher with VAQ500µg/mL 3.13% (± 0.63) at 48 Hrs. compared
to control 1.66% (±0.66) (p<0.002) (Fig 4.5C). ML did not show any significant necrosis
within 48 Hrs. time period (Fig 4.5 C). Mean percent of apoptotic cells was not statistically
significant between VAQ 250 and 500µg/mL (p =0.18) and ML 125 and 250ng/mL (p= 0.91)
At 48 Hrs. (Appendix 7).
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Figure 4.4 VAQ and ML Induced Apoptosis of B16F1 cells in a Time and Concentration
Dependent Manner

Fig 4.4: FACS analysis of apoptosis and necrosis of B16F1 cells incubated with VAQ and an equivalent
concentration of ML for 24 and 48 Hrs. Cells were labelled with (FITC)-labelled Annexin V and PI. A:
Representative contour plots showing the distribution of Annexin V and PI staining after 24 Hrs. B:
Representative contour plots showing the distribution of Annexin V and PI staining after 48 Hrs. Cells are
classified as “viable” (Q4), “apoptotic” (Q3), early necrotic or late apoptotic (Q2) or necrotic (Q1). Results
are shown as percent of the whole population and are representative of 3 independent experiments. 50000
events were recorded in each measurement.
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Figure 4.5 VAQ and ML Induced Significant Apoptosis of B16F1 with Higher Concentrations at 48 Hrs.

VAQ

ML

Fig: 4.5: Column diagram showing mean (±SD) of percent apoptotic (A), late apoptotic (B) and necrotic (C) B16F1 cells after 24 and 48 Hrs. incubation with different
concentrations of VAQ (upper row) and ML (lower row). Data was analysed by GraphPad Prism 6 using One-way ANOVA and Tukey’s multiple comparisons. Data are
representative of three independent experiments.
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4.3.5 VAQ and ML Reduced CD47 Expression on B16F1 Cells
After 48 Hrs. in cell culture 85.43% (±2.71) of untreated B16F1 expressed anti-phagocytic
cell surface marker CD47 (Fig: 4.6 A, B). CD47 expression was significantly reduced to
62.20% (± 9.37) in response to 250µg/mL VAQ (p=0.005) and to 61% (± 8.21) in response
125ng/mL of ML (p<0.003) (Fig: 4.6 A, B). Although there was reduction in CD47
expression by VAQ25µg/mL or its equivalent ML concentration of 12.5ng/mL it was not
significantly different to untreated cells.
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Figure 4.6 VAQ and ML Reduced CD47 Expression on B16F1 Cell Line in Cell
Culture

Fig: 4.6: FACS analysis of CD47 expression on B16F1 cells incubated with VAQ and an equivalent
concentration of ML for 48 Hrs. (see 4.2.5). Cells were labelled with PE labelled anti CD47. A:
Representative histograms showing the distribution of CD47 expression after 48 Hrs. CD47 expression is
indicated as percent of cell population positive or negative for CD47-PE. B: Bar diagram showing the
CD47 expression on B16F1 after 48 Hrs. incubation with VAQ and ML. Results are expressed as mean
percent (±SD) of cells in the P1 population expressing CD47 and are representative of 3 independent

experiments. 50000 events were recorded per each data point. Data was analysed with GraphPad Prism
6 using Tukey’s multiple comparisons. p< 0.05 was considered as statistically significant.
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4.3.6 Annexin V and CD 47 Expression were Negatively Correlated in Response
to VAQ and ML Treatment in-vitro
The percent of B16F1 cells showing Annexin-V positivity after treatment with VAQ (0 to
250µg/mL) for 48 Hrs. increased from 4.33% (±1.32) to 64.43% (±9.72); at the same time
CD47 expression decreased from mean 85.43% (±2.17) to 53.20% (±1.7), showing a strong
negative correlation (r2=0.99) (Fig 4.7A). Similarly, in response to increasing concentration
of ML (0 to 125ng/mL) Annexin-V positivity increased from 4.33% (±1.32) to 62.57%
(±4.32) and CD47 expression decreased from mean 85.43% (±2.17) to 47.33 (±6.38) showing
a strong negative correlation (r2= 0.98) (Fig 4.7B).
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Figure 4.7 CD47 and Annexin-V Expression were Negatively Correlated in Response to
VAQ/ML Treatment

Fig 4.7: Scatter plot showing the negative correlation between CD47 expression (y-axis) and Annexin V
positivity (x-axis) on the B16F1 cells in response to VAQ/ML treatment. Annexin-V and CD47 expression by
the untreated B16F1 and in response to VAQ 25µg/mL and 250µg/mL (A), or 12.5ng/mL and 125ng/mL of ML
(B), were analysed by FACS. The percent of cell population positive for CD47 was plotted on the y-axis and the
percent of cells positive for Annexin-V was plotted on the x-axis. Data were analysed with linear regression
using GraphPad Prism 6.

113

4.4 Discussion
VAQ and ML inhibited proliferation of B16F1 cells in a concentration and time dependent
manner and promoted apoptosis. These results are supported by many published articles on
the effects of VA/ML on the proliferation of different cell lines [1, 5, 9, 24]. In-vitro effects
of VA and ML have been tested on more than 100 different cell lines; including several
melanoma cell lines, e.g. SK-MEL-28, Malme-3M, HT-144, C32, MEXF462NL and MEXF
514 L [9, 26, 28, 292]. In most of these studies VA/ML caused inhibition of melanoma cell
proliferation in a dose dependent manner, with only one study reporting stimulation of
proliferation of SK-MEL-28 and HT144 melanoma cell lines at lower concentrations of ML
(0.05ng/mL and 0.5ng/mL) [26]. Kelter et al., (2007) did not find any growth stimulatory
effects of VA or ML on SK-MEL-28 and HT144 with a concentration range of 0.015 to
150µg/mL for VA and 0.01 to 100ng/mL for ML-1, but they also did not find any significant
growth reduction under the same conditions [5]. Interestingly, they reported different IC 50s
for VAs from three different host trees with lowest IC50 of 68µg/mL for VA from pine tree
(VAP) and 26ng/mL for ML-1 [5]. In another study on six human melanoma cell lines other
than B16F1, Thies et al., (2005) reported inhibition of melanoma cell proliferation in a dose
dependent manner by ML-I, ML-II and ML-III [292].
The variation in the effects of VA/ML on cell lines may be due to use of different cell
proliferation assays [5, 26, 77, 293]. Colorimetric cell proliferation assays are less sensitive
as they depend on general metabolic activities or enzymatic activities as a marker of cell
viability and indicate activation status as opposed to cell proliferation [294]. Colorimetric
assays are also affected by a number of external factors like change in pH, and the presence
of different reducing substances in the culture medium [295]. In contrast, radioactive
thymidine incorporation assay is a more sensitive and specific method to study cell
proliferation as thymidine is incorporated into the replicating DNA [295].
Herbal products have multiple biologically active products and their content varies according
to the condition of the soil, geographical location, time of harvesting of the plant [296] as
well as ‘host tree’ in the case of mistletoe [4, 293] and may thus result in variable
observations of efficacy. Efficacy or potency of the final product also depends on the quality
and methods of extraction and manufacturing procedure [4, 296], however, these are often
not described in the literature.
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Lastly, MLs (I, II, III) have variable binding capacity for cancer cells while different cell
lines have mechanisms in place to exocytose ML, making it cell line specific [292].
Inhibition of proliferation by VAQ/ML in my study correlates with another study that
reported inhibition of B16F1 proliferation with ‘triterpene’, another biologically active
component of VA [28]. The timeline of the effect (by 36 Hrs.), the anti-proliferative effect
was observed (Fig 4.1 & 2), is also consistent with published studies in other cell lines [9, 26,
293], that reported inhibition of cell proliferation in a dose dependent manner from 24 to 96
Hrs. Interestingly, inhibition of cell proliferation was comparable between B16F1 and MCA1
at the higher concentrations tested; but at lower concentrations, effects of VAQ were cell line
specific, being more effective against MCA1 cells (Appendix 8).
In order to determine whether growth inhibition of B16F1 in cell culture by VAQ/ML was
cytostatic or cytotoxic, apoptosis and necrosis of B16F1 cells in response to VAQ and ML
treatment was investigated. Both VAQ and ML induced apoptosis of B16F1 in a
concentrations and time dependent manner (Fig 4.4 & 5). This finding is consistent with
published data reporting apoptosis of cancer cell lines with VA/ML [77, 81, 292]. Similar to
the finding of Thies et al., (2005) [292] ML and VAQ induced apoptosis could be observed at
24 Hrs. when 11% to 16 % cells were apoptotic by FACS (Fig 4.5) compared to 4.12% in the
untreated control) increasing to 30- 64 % apoptotic cells at 48 Hrs. (Fig 4.5). In another study
KMC lectin treatment resulted in increased accumulation of B16B6 melanoma cell lines in
sub G1 cycle which is characteristic of apoptosis [77].
VAQ induced more apoptosis in this study compared to equivalent concentrations of ML (Fig
4.4 & 5). Although MLs are the best recognised inducers of apoptosis, other constituents e.g.
viscotoxin, triterpene, flavonoid may also induce apoptosis [28, 56, 79, 286, 297]. The
presence of these other biologically active substance could explain why VAQ showed
significantly higher apoptosis than ML (Fig 4.4 &5) in this study.
This study showed for the first time that VAQ and ML reduce CD47 expression on B16F1
cells (Fig 4.6) in a dose dependent manner; similar to the finding by Lyu et al., (2011), that
KMC treatment leads to reduced induction of CD47 in stimulated T cells [104]. CD47
expression decreased from 85.43% in the control B16F1 cells to 60-65% (p<0.05) with
250µg VAQ/mL treatment and equivalent concentration of ML (Fig 4.6). Increased CD47
expression in cancer has been reported by a number of studies [194, 255, 256] and blocking
tumour CD47 with anti-CD47 monoclonal antibodies inhibited transplanted ovarian tumour
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growth by interfering with CD47-SIRP-α interaction [194]. Reduction in CD47 expression on
cancer cells has also been shown to reduced tumour mass and increase sensitization to
radiation therapy [194, 248, 255, 298]. Similarly, siRNA silencing of CD47 in B16F10
melanoma bearing C57BL/6 mice results in significant tumour reduction [299].
Interestingly, CD47 and Annexin-V expression by B16F1 cells showed a very strong
negative correlation in response to VAQ and ML treatment (R2=0.99 and 0.98 respectively)
(Fig: 4.7). This finding is in line with previous studies showing that down-regulation of
CD47 is associated with enhanced apoptosis [256, 264].
Together, the data presented in this chapter show that VAQ/ML are capable of inducing
apoptosis and inhibiting cell proliferation of melanoma cells in culture together with reduced
expression of cell surface CD47. Reduction of CD47 expression may contribute to apoptosis
of B16F1 [264] as well as promote phagocytosis [255] which would help in tumour load
reduction. Induction of apoptosis and reduction in CD47 expression on B16F1 in response to
VAQ/ML as evident in this study may explain the molecular pathways associated with
reduced melanoma seen in my previous in-vivo data (Chapter 3).
Reduced CD47 expression may have implications other than direct tumour reduction
especially in melanoma where eosinophilia is a common phenomenon [184]. Eosinophils
express SIRP-α, a ligand of CD47, which negatively regulates eosinophil functions and
inhibits degranulation and apoptosis [162]. The reduced expression of CD47 may possibly
lead to activation of eosinophils due to reduced interaction between CD47 and SIRP-α.
Together with my findings in Chapter 3 that VAQ/ML treatment is associated with
eosinophilia and the data presented in this chapter lead to my next research questions:
1. What is the role of these VAQ/ML mediated eosinophils on melanoma?
2. Does VAQ/ML have any effects on Eosinophils’ SIRP-α?
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Chapter 5 The Role of Mistletoe
Treatment on Eosinophil Activation
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5:0 Chapter 5: The Role of Mistletoe Treatment on Eosinophil Activation
5.1 Introduction
Eosinophils are unique immune regulatory granulocytes with complex biological features and
diverse range of functions, capable of influencing the activity of both innate and adaptive
immune response in health and disease [159]. Although increased eosinophil has been
reported in various tumours (TATE see section 1.2.6.2), the role of these eosinophils in
cancer is unclear [159, 176, 191]. Literature suggests that eosinophils exert an antitumour
response by releasing toxic cytolytic proteins MBP, EPO, EDN, ECN or by secreting
cytokines to recruit other immune competent cells in the tumour vicinity [181, 182, 191, 300,
301]. However, some literature suggests that eosinophils are recruited to the tumour site by
tumour proteins and sustain tumour growth by releasing cytokines [184, 302]. Currently, it is
not clear whether melanoma infiltrating eosinophils have any antitumour effects [184].
VAs and MLs have diverse effects on the immune system which may indirectly impact on
tumour growth [50]. Many in-vivo studies have shown that VA and ML treatment results in
increased eosinophil count in and around the tumour, and in the peripheral blood [40, 84, 93,
107]. Increased eosinophil count has been linked to improved quality of life in gastric
carcinoma patients, among others [40, 84]. Additionally, subcutaneous VA/ML injection
leads to increased IL-5 and GMCSF in the blood [93]. All these data support the notion that
VA/ML recruits eosinophils to the microenvironment by increasing IL-5 and GMCSF, and
this positively impacts the quality of life of cancer patients. However, the molecular events
that lead to accumulation of tumour infiltrating eosinophils in response to VA/ML are not yet
known. Additionally, it is not clear whether VA/ML induces degranulation or activation of
the infiltrating eosinophils.
Functions of an immune cell depend on the balance between activation and inhibition signal
input [112]. Although extensive studies have been done on activation pathways of
eosinophils, role of inhibitory pathways is relatively unexplored. Of the numerous inhibitory
pathways in eosinophil, SIRP-α, a ligand for CD47 pathway is associated with inhibition of
degranulation and apoptosis [162]. Together with the published data suggesting that only
activated eosinophils are capable of antitumour effects and my observation that VAQ/ML
induced tumour growth reduction in-vivo (Chapter 3) is associated with eosinophil
recruitment, I hypothesised that VAQ/ML activates eosinophils at the tumour site leading to
degranulation and release of toxic proteins with subsequent cytolysis of cancer cells. My
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observation that VAQ/ML reduced CD47 expression on B16F1 cells in-vitro (Chapter 4),
also led me to hypothesise that activation and degranulation of eosinophils could be
associated with expression of SIRP-α.
This in-vitro study was designed to address the following questions
1. Can eosinophils induce B16F1 cell death in-vitro with or without VAQ/ML?
2. Can VAQ/ML activate eosinophils?
3. Can VAQ/ML induce degranulation of eosinophils?
4. What effects do VAQ/ML have on eosinophil health?
5. Does VAQ/ML have any effects on eosinophil SIRP-α expression?
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5.2 Materials and Methods
5.2.1 : P Jam Assay (Modified H3-Thymidine Assay)
Eosinophils were purified (see section 2.5) and seeded at 1x106 /well in 24 well plates, treated
with VAQ or an equivalent concentration of ML in triplicates for 1 Hr. at 370c and 5% CO2.
Eosinophils were then washed 4 times in ice-cold PBS and 5X 104 treated eosinophils were
seeded per well with freshly trypsinized 5x103 B16F1 cells in a 96 well plate. Cells were
incubated overnight (18 Hrs.) at 370 C and 5% CO2. Next day 1µCi H3- Thymidine was
added to each well and incubated for further 24 Hrs. Cells were washed twice with PBS,
trypsinized and harvested and β activity counted (CPM) by Beta counter. Percent inhibition
of the B16F1 growth was calculated using the formula:

Inhibition of cell proliferation (%) =

(CPM [untreated] – CPM [treated]) X 100
CPM [untreated]

Results are representative of at least three independent experiments. Data was analysed with
GraphPad Prism 6. Statistical significance of growth inhibition between the groups was
measured by One-way ANOVA with a further comparison between any two groups was
carried out with Tukey’s multiple comparisons. Mean percent Inhibition was compared
between the B16F1 with treated eosinophils and untreated B16F1 alone and also untreated
B16F1 with untreated eosinophils.
5.2.2: Detection of Eosinophil MBP
5.2.2.1 Dot Blot analysis

Eosinophils were purified from peritoneal cells of C57/BL6-IL5

+/+

mice by negative

selection method as described in section 2.5. Purified Eosinophils (1x106/well) were treated
with VAQ or an equivalent concentration of ML in triplicate for 4 Hrs. at 370C and 5% CO2.
Plates were centrifuged X1000 rpm at 40C for 5 minutes and the supernatant was collected
and stored at – 800C until the day of the experiment.
Samples were thawed at room temperature and tested for the presence of MBP using dot-blot
assay. Samples were dotted onto a PVDF (polyvinylidene difluoride) membrane (100 µl/dot)
in triplicate (Vacuum Dot Blot Manifold, Bio-Rad, USA).
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The samples were left for 1 Hr. in the apparatus to drain all the fluids with the vacuum turned
on. Wells was washed three times with 200µl of Tris buffer saline (TBS) (see 2.1.6). The
membrane was blocked overnight in 1% BSA, (Sigma-Aldrich, USA) in TBST [TBS
supplemented with 0.1 % Tween-20 (Sigma-Aldrich, USA)] at 4 °C. The membrane was
washed twice with TBST (10-minutes/wash) and incubated with rabbit anti-murine MBP
antibody (EMBP M-223, Santa Cruz, USA) (1:2500) for 2 Hrs. The membrane was washed
three times with TBST (15 minutes/wash) and incubated with alkaline phosphataseconjugated goat anti-rabbit IgG antibody (Sigma-Aldrich, USA, A3812) for 1 Hr. at room
temperature. The membrane was washed three times with TBST (15 minutes/wash) followed
by two 10 minute washes in TBS. The bound antibodies were detected by 5-minute blot
development, using alkaline phosphatase substrate Kit II (Vector, USA, SK-5200). After blot
development membrane was washed with distilled water and dried on a paper towel. The blot
was visualised and densitometry performed using TotalLab Quant software version 11.4
(TotalLab, UK). Percent alteration of MBP release was calculated using the formula:

Alteration in MBP Release (%) =

(DC [untreated] ̴ DC [treated]) X 100
Densitometry count (DC [untreated])

(DC =Densitometry Count)
5.2.2.2 Preparation of MBP-positive sample

For use in the Dot Blot analysis, MBP positive control was prepared from eosinophils
purified from the peritoneum of C57/BL6-IL5+/+ mice (See section 2.5.9 and 10). 2 ml of
1x106/mL of purified eosinophil suspension in PBS was centrifuged at 1200 rpm for 5
minutes at 40C. The cell pellet was lysed by 3 freeze-thaw cycles and supernatants collected
each time. In the final cycle, cells were suspended in 100µl of ice-cold PBS for 30 minutes
and centrifuged at 10,000g for 10 minutes at 40C and supernatant containing eosinophil
proteins was collected. All the supernatants were pooled and used as a qualitative positive
control for eosinophil MBP in dot blot analysis (5.2.2.1).
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5.2.3: Apoptosis/Necrosis Tali Assay
Purified eosinophils (see section 2.5), as in section 5.2.2.1 were treated with VAQ or an
equivalent concentration of ML in triplicate for 4 Hrs. Supernatant was removed for MBP
analysis, cells were washed 4 times in ice-cold PBS and resuspended in HEPES buffer at a
concentration of 5X105/ml and stained for apoptosis and necrosis with Annexin-V-Fluos
Staining Kit (Roche Cat 858 777 001) as in section 4.2.4. 25 µL of stained cell sample was
loaded onto a TaliTM cellular analysis slide (Invitrogen, ThermoFisher Scientific, T10794).
Total cell number, green (apoptotic) and red (necrotic) fluorescence emitting cells were
counted by automated Tali Image-based Cytometer (ThermoFisher Scientific). The
instrument was optimised for fluorescence activity and cell size for each assay and was set to
produce an average result of 13 fields (Appendix 9); data was produced as a percent and total
number of cells in each category. Data was analysed with GraphPad Prism 6 with One-way
ANOVA to determine the difference between the groups and Tukey’s multiple comparisons
to establish the level of significance between any two groups; p< 0.05 was considered
statistically significant.
5.2.4: SIRP-α Expression on Eosinophil
Peritoneal cells from C57/BL6/IL5+/+ mice were collected and eosinophils prepared as
described in the section 2.5.9. Cells were washed, incubated with VAQ/ML containing RPMI
in triplicate at a concentration of 2X106/well in 24 well plates for 4 or 6 Hrs. After designated
time period, supernatant was removed, cells were washed twice with ice-cold PBS,
resuspended and incubated for 20 minutes in ice-cold FACS buffer at 1X 106 cells/ml. 100µl
(106/ml) of cell suspension was incubated with anti-mouse SIRP-α-FITC antibody
(Biolegend, Cat. 144005) diluted (1: 5000) in ice-cold FACS buffer for 2 Hrs. at 40C in the
dark. Cells were washed three times (500µl ice-cold PBS) and resuspended in 250µl of icecold FACS buffer. Cells were analysed by FACS (BD Biosciences FACSVantage SE, USA),
the primary gate was established based on forward scatter (FSC) and side scatter (SSC). As
C57/BL6/IL5+/+ has high percentage of eosinophil in peritoneal exudate (30-60%) and very
low neutrophil, gate was established based on high side scatters of eosinophils. Cells in the
eosinophil gate were then further analysed for SIRP-α in the green channel (FL1). A total of
25000 events were recorded for each measurement. FACS results were analysed by
FlowJo_V10. Each concentration was tested in triplicate and the experiment was repeated
twice. Results are representative of two independent experiments. Statistical analysis was
performed with GraphPad Prism 6 with One-way ANOVA to determine the difference
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between the groups and Tukey’s multiple comparisons to establish the level of significance
between any two groups; p< 0.05 was considered statistically significant.
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5.3 Results
5.3.1 VAQ and ML Treated Eosinophils Reduced B16F1 Proliferation in Cell
Culture
B16F1 cells co-cultured with VAQ/ML treated eosinophils had significant growth inhibition
with all the VAQ/ML concentrations tested compared to B16F1 cultured without eosinophils.
(Figure5.1 A&B). Different concentrations of VAQ tested did not show any significant
difference in growth inhibition between them (F=3.63, R2=0.55) (Fig: 5.1A). Mean percent
inhibition (± SEM) with VAQ (250, 500, 750µg/mL) was 61.35% (± 5.89) (p=0.0007),
66.06% (±4.54) (p=0.0004) and 76.42% (± 4.72) (p= 0.0001) respectively compared to
B16F1 only 0.0033(±10.84) (Fig: 5.1 A).
ML treated eosinophils showed a similar effect on B16F1 cell proliferation in culture (Fig
5.1B). All concentrations tested were able to significantly inhibit the growth of B16F1 with
mean percent (± SEM) inhibition being 50.74 % (±3.22) (p=0.002), 72.13% (±5.3)
(p=0.0002) and 76.94% (± 3.38) (p=0.0001) with ML 85, 165, 250ng/mL respectively
compared to B16F1 only 0.0033(±10.84) (Fig: 5.1 B). Unlike VAQ, different concentrations
of ML tested had significantly different effects on inhibition of B16F1 growth (F=11.58, R2=
0.79). Growth inhibition due to ML 85ng/mL was significantly less compared to ML
165ng/mL (p=0.02) and 250ng/mL (p=0.009).
Percent growth inhibition of B16F1 cells by VAQ treated eosinophils was not statistically
different from eosinophils treated with an equivalent concentrations of ML (p= 0.47, 0.89,
>0.99 respectively for VAQ 250µg/mL, 500µg/mL, 750µg/mL and equivalent concentration
of ML). Interestingly B16F1 cells cultured with untreated eosinophils showed slightly
enhanced growth proliferation compared to the B16F1 without any eosinophils but it was not
statistically significant (p= 0.34) (Fig 5.1).
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Figure 5.1 VAQ/ML Treated Eosinophils Inhibit B16F1 Proliferation in Cell Culture

A

B

Fig 5.1: VAQ/ML treated and untreated eosinophils (5x104) were co-cultured with B16F1 (5x 103) in-vitro. B16F1 proliferation in the presence of treated eosinophil was
assayed by P Jam Assay (Section 5.2.1). Bar diagram showing the mean ± SEM of percent inhibition of B16F1 in culture. [A] Proliferation of B16F1 was significantly
reduced with VAQ treated eosinophils compared to the untreated control. [B] Proliferation of B16F1 was significantly reduced with ML treated eosinophils compared to the
untreated control. Data was analysed with GraphPad Prism 6 with Tukey’s multiple comparisons. Data are representative of three independent experiments.

128

5.3.2 VAQ and ML Induced Release of Eosinophil MBP in-vitro
In response to VAQ/ML, MBP released by eosinophils increased significantly compared to
the untreated eosinophils after 4 Hrs. in culture (Fig 5.2). Considering the MBP released by
the untreated eosinophils as the control, mean percent of MBP release altered significantly
with increasing concentration of VAQ/ML. Mean percent (±SD) increase in MBP release was
significantly different among the groups (F= 20.1 R2 =0.83). With lower concentrations of
VAQ and ML (125µg/mL and 65ng/mL respectively) mean percent increase in the MBP
release was 29.55% (±6.98) (p= 0.001) and 37.37% (±1.85) (p< 0.0001) respectively
compared to the control. With increasing concentration mean MBP release also increased
reaching to 47.41% (±7.20)(p< 0.0001) with VAQ 500µg/mL and 51.74% (±3.10)(p<0.0001)
with ML 250ng/mL compared to the control.
12.5µg/mL VAQ and an equivalent concentration of ML did not show any significant
alteration in MBP release compared to the control (data not shown). Mean percent increase in
MBP release between VAQ and an equivalent concentration of ML was statistically
insignificant (Fig 5.2).
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Figure 5. 2 VAQ and ML Induced Eosinophil MBP Release in Cell Culture

A

B

Fig 5.2: Effects of VAQ/ML on eosinophil degranulation in-vitro. [A] Dot blot showing eosinophil MBP in the
supernatant after 4 Hrs. culture of purified eosinophils from C57/BL6-IL5+/+ mice with VAQ/ML. [B] Bar
diagram showing percent alteration in eosinophil MBP release in-vitro in response to VAQ/ML. Results are
representative of three independent experiments and expressed as mean % alteration (± SD) of triplicate. (See
section 5.2.2)
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5.3.3 VAQ Induced Apoptosis and Necrosis of Eosinophils
After 4 Hrs. of treatment with 500µg/mL of VAQ, healthy eosinophils reduced to 44.33
(±4.93%) from 70.67% (± 2.51) in the control. Percent of healthy eosinophils with different
concentrations of VAQ tested were also statistically different between the groups (F =42.69,
R2=0.94). When individual concentrations were analysed against untreated eosinophils, VAQ
125 µg/mL, 250µg/mL and 500µg/mL had mean 61.67 % (± 1.15) (p=0.01), 54.67 % (±2.08)
(p=0.0002) and 44.33 % (±4.938) (p<0.0001) healthy eosinophils respectively compared to
70.67% (± 2.51) in the untreated eosinophils. 12.5µg/mL VAQ did not show any significant
difference (66% ± 1) (Fig 5.3 & 5.4A) compared to the untreated control.
Mean percent of necrotic eosinophils increased from 13.0 % (±1.0) in control to 14.33%
(±1.52), 16.67% (±2.51), 22% (±2.64) and 26.67% (± 4.50) in VAQ 12.5µg/mL, 125µg/mL,
250µg/mL and 500µg/mL respectively. This was significantly different between the groups
(F = 41.79, R2 = 0.94). When individual concentrations were analysed against untreated
eosinophils with Tukey’s multiple analysis, VAQ 250µg/mL and 500µg/mL exhibited
significant necrosis compared to untreated eosinophils (p=0.003 and < 0.0001 respectively)
(Fig 5.3 &5.4A).
VAQ treatment induced significant apoptosis of the eosinophils in-vitro. Mean percent of
apoptotic eosinophils with different concentrations tested differ significantly between the
groups (F=12.58, R2=0.83). Mean percent of apoptotic eosinophils increase from 16%
(±1.03) in the control to 20.00% (±1.00), 22.01% (±4.11), 24.02% (±2.22), and 28.67%
(±2.08) in response to VAQ treatment (12.5µg/mL, 125µg/ml, 250µg/mL and 500µg/mL
respectively). When individual mean percent of apoptotic eosinophils in each group was
compared with the mean percent of apoptotic eosinophils in the control, VAQ 12.5µg/mL and
125µg/ml did not show any significant difference. Apoptosis was significantly higher with
VAQ 250 and 500µg/mL (p=0.01, 0.0004 respectively) (5.3 &5.4A).
ML treatment also reduced the viability of eosinophils in-vitro. After 4 Hrs. of treatment with
250ng/mL of ML, percent of healthy eosinophil fell from 70.67% (± 2.51) in the control to
45.33% (±5.03). Percent of healthy eosinophils with different concentrations of ML tested
were statistically significant between the groups (F=33.80 R2=0.93). When individual
concentrations were analysed against untreated eosinophils, ML 65, 125, 250ng/mL showed
55.67% (±2.08) (p= 0.001), 48.00% (±2.64) (p<0.0001), 45.33% (±5.03) (p< 0.0001) healthy
eosinophils respectively compared to 70.67% (± 2.51) in the untreated eosinophils. 6ng/mL
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ML did not show any significant difference in viability 65.67% (±3.21)) (Fig 5. 3 & 5.4B)
compared to the untreated control.
Mean percent of necrotic eosinophils increased from 13.0% (±1.0) in the untreated control to
22.00% (±4.58) in 250ng/mL ML group. None of the concentrations tested induced
significant necrosis within the time period of the study (Fig 5.3 & 5.4B).
ML treatment induced significant apoptosis of eosinophils in-vitro. Mean percent of apoptotic
eosinophils with different concentrations tested differed significantly between the groups
(F=36.68, R2= 0.93). In response to ML treatment, mean percent of apoptotic eosinophils
increased from 16% (±1.03) in the control to 18.67% (± 2.51), 24.67% (±2.30), 31% (±2.64),
and 32.67% (±1.52) in 6ng/mL, 65ng/ml, 125ng/ml and 250ng/mL of ML respectively. Mean
apoptosis was significantly higher with ML 65, 125 and 250ng/mL (p= 0.003, <0.0001 and <
0.0001 respectively) (5.3 & 5.4B). ML at 6ng/mL did not show any significant difference in
apoptosis compared to untreated control.
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Figure 5. 3 VAQ and ML Induced Apoptosis and Necrosis of Eosinophils in Cell Culture

Fig: 5.3: Purified eosinophils from peritoneal cavity of C57/BL6-IL5+/+mice were treated with VAQ and an equivalent concentration of ML for 4 Hrs. and stained for
apoptosis and necrosis with Annexin-V-FLUOS staining kit (Roche) and analysed by TALI image based cytometer as described in 5.2.3. A: Representative photographs
133
showing apoptosis and necrosis of eosinophils in response to VAQ/ML treatment. B: A magnified photograph showing apoptotic (green dots) and necrotic (yellow
or red
dots) (white circle) eosinophils. Data are representative of three independent experiments. Images were acquired on TALI image based cytometer.
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Figure 5. 4 VAQ and ML Enhanced Necrosis and Apoptosis of Eosinophils

Fig: 5.4: Linear graph showing in-vitro effects of VAQ/ML on purified peritoneal eosinophils. A:
Mean percent (±SD) of viable, necrotic and apoptotic eosinophils after 4 Hrs. treatment with VAQ. B:
Mean percent (±SD) of viable, necrotic and apoptotic eosinophils after 4 Hrs. treatment with ML.
Results are representatives of three independent experiments. Data was analysed with GraphPad
Prism 6 with One-way ANOVA and Tukey’s multiple comparisons. * = p = < 0.05 (Blue line= viable
eosinophils, Green line= apoptotic eosinophils and red line = necrotic eosinophils).
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5.3.4 VAQ/ML Reduced SIRP-α Expression on Eosinophils in- vitro
In response to VAQ/ML treatment, SIRP-α -negative eosinophil population increased in
culture compared to untreated eosinophils. There was significant change in SIRP-α
expression within the groups (F = 48.69, R2 =0.95) after 6 Hrs. of incubation with VAQ or an
equivalent concentration of ML (Fig 5.5). There was significant reduction of SIRP-α
expression with all the concentrations tested (Fig 5.5). With 25µg/mL and 250µg/mL VAQ
mean percent of SIRP-α negative eosinophil population increased to 5.29% (± 0.79) (p=0.01)
and 10.27 (± 0.66) (p< 0.0001) respectively compared to 2.77% (± 0.44) in untreated
eosinophils (Fig 5.5).
ML treatment also showed a similar pattern with treatment with 12.5ng/mL and 125ng/mL,
showing mean percent of SIRP-α negative eosinophil population increasing to 4.88 % (±1.02)
(p=0.03) and 7.76 % (± 0.48) (p=0.0001) respectively compared to 2.77% (± 0.44) in
untreated eosinophils. When effects of equivalent concentrations of VAQ and ML on SIRP-α
expression were analysed, there was no statistically significant difference in SIRP-α
expression between VAQ 25µg/mL and 12.5ng/mL of ML (p=0.95) but mean percent of
SIRP-α negative eosinophil population differed significantly between VAQ 250µg/mL and
ML 125ng/mL (p=0.01).
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Figure 5. 5 VAQ and ML Reduced Eosinophil SIRP-α Expression in Cell Culture

E

Fig 5.5: SIRP-α expression on peritoneal eosinophils from C57/BL6/IL5+/+mice in response to VAQ/ML
treatment in cell culture after 4 or 6 Hrs. A-D: Zebra plot of FACS: A; Eosinophil gate was established
according to high side scatters of eosinophil (SSC) which was further analysed on FLI channel for SIRP-α FITC. B; Unstained eosinophils, C & D: Percent of eosinophils showing SIRP-α expression after 4 & 6 Hrs.
treatments with different concentration VAQ and ML. Quadrant 7 (Q7) SIRP-α -FITC positive eosinophils,
(Q8) SIRP-α negative eosinophils. E: Bar diagram showing an increase in the SIRP-α negative eosinophil
population after 6 Hrs. of treatments with VAQ/ML. Data are representative of two independent experiments.
Data are expressed as Mean percent (±SD) of SIRP-α negative eosinophils and analysed with Tukey’s multiple
comparisons.
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5.4 Discussion
Overall, the data suggest that VAQ/ML promotes MBP release from eosinophils (Fig 5.2)
and induces apoptosis and necrosis (Fig 5.3 &4). Data also suggests VAQ/ML may activates
eosinophils by downregulating SIRP-α expression (Fig 5.5). VAQ/ML activated eosinophils
inhibited proliferation of B16F1 cells in-vitro (Fig 5.1 A&B) compared to B16F1 without any
eosinophils or B16F1 with untreated eosinophils.
Cytotoxicity of eosinophils against different cancer cells in-vitro has been reported
previously in prostate, fibrosarcoma and colon cancer cell lines [182, 183, 303, 304]. Similar
to this study, Kataoka et al., (2004) and Simson et al., (2007), demonstrated that activated
eosinophils are capable of inhibiting the growth of various cancer cell lines in-vitro when
cultured together [182, 183]. Legrand et al., (2010) have reported the ability of eosinophils to
inhibit the proliferation of a colon cancer cell line (Colo-205) when co-cultured in- vitro
[304]. Unlike the results reported here, Legrand et al., (2010) demonstrated that stimulated as
well as unstimulated eosinophils have the ability to kill Colo-205 cells [303], similar to
Simson et al., (2007) who also reported antitumour activity of unstimulated eosinophils when
present with high effector to target ratio (E: T) of 50:1 [182]. In my study, only VAQ/ML
treated eosinophils inhibited B16F1 growth in culture, there was no growth reduction with
untreated eosinophils (Fig 5.1A & B). The contrast in results may be explained by the fact
that experimental approaches adopted were different. Simson et al., (2007) used ovalbuminsensitised eosinophils and a higher E: T ratio with longer duration of experiment [182]
compared to my study. Legrand et al., (2010) used Colo-205 cells due to its high sensitivity
towards eosinophil mediated cytotoxicity and a high E: T of 25:1 compared to 10:1 in this
study [303]. Another possible reason could be due to the ability of B16F1 cells to inhibit or
alter eosinophils activation status. Lack of effect of unstimulated eosinophils on melanoma
cell growth has been reported before [181, 305]. My results suggest that treatment of
eosinophils with VAQ/ML for 1 Hr. induced changes which converted the eosinophil from a
‘tumour non-killer’ to a ‘killer’ cell (Fig 5.1 A, B).
VAQ/ML increased MBP release from eosinophils effectively changing it into a ‘killer’ cell
(Fig 5.2A & B). Although lectin rich VAQ has been reported to produce eosinophilia in
peripheral blood (PB) and within the tumour in healthy individuals and cancer patients [40,
84, 88, 107], reported data on the activation or degranulation status of VAQ induced tumour
infiltrating eosinophils are rare [280]. Eosinophil toxic proteins EPO, EDN, MBP, ECP, have
shown antitumor properties in a number of studies, VAQ/ML induced eosinophil
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degranulation and release of MBP might provide insight into the role of tumour infiltrating
eosinophils in mistletoe therapy.
A key novel finding of my study was that VAQ/ML treatment is associated with an increase
in SIRP-α-negative eosinophil population in culture (Fig 5.5). This data has important
implications for understanding why untreated eosinophils do not inhibit melanoma or cancer
cell proliferation [139, 181]. CD47 expressing cancer cells send ‘do not eat me’ signal to
neighbouring immune cells through ligation with SIRP-α [194]. CD47 and SIRP-α
interaction between cancer cells and macrophages and DCs are currently the focus of cancer
immunotherapy and blocking this interaction has shown promise in anticancer therapy [194,
259, 299]. However, the CD47-SIRP-α interaction between infiltrating eosinophils and
cancer cells has not been investigated. Eosinophil SIRP-α promotes eosinophil survival by
delaying apoptosis and inhibits MBP release [162]. Results of this study suggest VAQ/ML
induced MBP release could be due to down regulation of eosinophil SIRP-α expression.
Additionally, VAQ/ML induced MBP release might play a positive role in tumour
elimination by membrane disruption and induction of apoptosis of the cancer cells [139, 142].
VAQ activates two other important SIRP-α bearing cells, macrophages and DCs [87, 97].
VAQ/ML mediated apoptosis of immune cells in-vitro, specifically T lymphocytes,
neutrophils and eosinophils have been reported [91, 306-309].

In my study, VAQ/ML

treatment was associated with significant reduction of viable eosinophils in culture (Fig 5.3
&4) but interestingly VAQ and ML demonstrated different mechanisms of eosinophils cell
death. While ML induced apoptosis of eosinophils, VAQ induced both apoptosis and necrosis
(Fig 5.3 & 5.4) in a dose-dependent manner. The ability of ML to induce apoptosis of
eosinophils has been mentioned by Lavastre et al., (2005) [309], but effects of VAQ on
eosinophils has not been reported till date. Increased necrosis of eosinophils with VAQ could
be due to the presence of ‘viscotoxin’ which is a potent inducer of membrane disruption [21],
and has more cytolytic effects and consequently causes necrosis [21]. This could also explain
VAQ mediated enhanced down regulation of SIRP-α seen in this study (Fig 5.5). But
whatever the mechanism of eosinophil death with VAQ or ML, both could lead to increased
degranulation, either by cytolysis as in the case of necrotic eosinophils or by piecemeal
degranulation in apoptotic eosinophils [125]. As previously mentioned, degranulation by
apoptotic eosinophils due to downregulation of SIRP-α has been reported in the intestine
[162]. Overall, the data of this study support the notion that VAQ/ML activates eosinophils
by down regulating negative regulatory pathways associated with SIRP-α. Down regulation
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of this pathway is associated with apoptosis and necrosis of eosinophils as well as with the
increase in release of MBP. Importantly VAQ/ML induced activated eosinophils are capable
of reducing the proliferation of B16F1 in culture.
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Chapter 6 VAQ, ML and Activated
Eosinophils in the Tumour
Microenvironment
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6.0 Chapter 6: VAQ, ML and Activated Eosinophils in Tumour
Microenvironment
6.1 Introduction
Tumour infiltrating leukocytes are a recognized feature of many cancers and it is becoming
increasingly apparent that innate immunity, together with adaptive immunity has the
capability to suppress tumour progression [270]. Although DCs, NK cells, macrophages,
eosinophils and neutrophils have been found to infiltrate solid tumours, the major focus of
cancer immunity research has been on the DCs, NK cells and macrophages [270].
TATE is a well-recognized feature of many solid tumours but its role in cancer has not been
elucidated [174, 176, 177, 180]; limited studies suggest that eosinophils may have an active
role in tumour immunity [181-183, 191]. Importantly, TATE is associated with better
prognosis in gastrointestinal, nasopharyngeal, prostate and cervical cancers [174, 176, 177,
180]. Eosinophils are attracted to the tumour microenvironment by chemotactic factors such
as eotaxin, damage associated molecular patterns like alarmin/HMGB1 and melanoma
protein S100B released by necrotic tumour cells [185, 287]. Although these findings explain
accumulation or eosinophil trafficking to the tumour periphery, their role at the site is still
unclear due to contradictory data from various in-vivo studies.
Various cytokines have been implicated in tumour reduction associated with eosinophilia
[182, 189, 190, 311]. However, findings are not consistent. IL-4 transfected tumour cells are
associated with reduced tumour growth which correlates with eosinophil infiltration in-vivo
[190], in contrast, IL-4 transfected tumour cells reduced tumour growth even in IL-5
knockout mice [310]. In addition, IL-4 driven Th2 helper cells reduce melanoma metastasis
associated with degranulating eosinophils but do not have any impact on the primary tumour
[181]. A mathematical simulation study examining the role of CD4+ Th1 and Th2 cells in
skin cancer showed that neither cell had any impact on skin cancer on their own, but CD4+
Th2 cells could retard cancer growth in association with eosinophils [311]. IL-25 has also
been shown to enhance anti-tumour activity by recruiting eosinophils in a number of cancers
[312]. MCA induced fibrosarcoma is attenuated in C57/BL6-IL5+/+ mice with high eosinophil
count and enhanced in eosinophil lacking eotaxin deficient mice [182]. Interestingly, some
studies suggest that presence of eosinophils promotes tumour growth [112, 305].
Most of the studies discussed above focus on eosinophil accumulation in the tumour
microenvironment; limited studies suggest that only activated eosinophils have an anti143

tumour role [182, 183, 191]. Activated eosinophils were found to mediate their anti-tumour
role via enhancing CD8+ cells and CD8+ cells failed to reduce tumour growth in presence of
inactive eosinophils even when present in large numbers [191]. Significantly, eosinophil
infiltration and degranulation have been observed during clinical immunotherapy and in
association with high endogenous GM-CSF, IL-2, IL-4 but direct tumoricidal effects have not
been shown [189, 313].
For elucidating the importance of immune cells or parameter in cancer immunity there are
three basic mouse models of cancer (a) carcinogen induced tumours (b) spontaneous tumours
that arise upon aging and (c) tumour development in genetically modified mouse strain [314].
The last is gaining popularity as it enables elucidation of the role of a particular cytokine or
cell line in tumour development or immunity [314].

In most cases, the finding of

eosinophilia was incidental with mouse strains not being chosen for suitability for study of
eosinophil functions.
Eosinophil recruitment in melanoma has been considered a host inflammatory response due
to release of various chemotactic factors from the stressed and dying melanoma cells and it
has been suggested that these melanoma infiltrating eosinophils do not actively participate in
cancer immunity [184]. Interestingly, reduced tumour growth, increased survival with
associated eosinophilia and improved immunological parameters have been reported with
VAQ treatment [84, 85, 89]. Currently, it is unknown if VAQ treated and untreated
eosinophils at the tumour periphery differ in activation status.
Based on the available literature and the data from Chapters 3-5, I hypothesised that, in
addition to direct cytotoxic effects, anti-tumour effects of VAQ/ML treatment are mediated
via activation of eosinophils accumulated at tumour periphery. The hypothesis was tested by
the following research questions:
1. Does VAQ induce accumulation and/or activation of eosinophils at tumour
periphery?
2. Does VAQ induce apoptosis and phagocytosis in-vivo?
3. Is the anti-tumour effect of VAQ significantly enhanced in C57/BL6-IL5+/+ mice
with high eosinophil counts?
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6.2 Materials and Methods
Effects of VAQ administration on tumour and local immune cells were studied in-vivo. Role
of VAQ on apoptosis and phagocytosis was studied histologically on samples prepared from
subcutaneous melanoma tumours. Effects on local immune cells were tested by examining
the cells and their activation status in the air pouch of non-tumour bearing C57/BL6 mice in
response to VAQ treatment as well as within tumour samples. In addition, eosinophil
activation was investigated in tumour bearing mice with or without VAQ treatment. For
evaluation of role of eosinophil on melanoma, subcutaneous melanoma was established in
high eosinophil producing IL-5 transgenic mice (C57/BL6-IL5+/+) and presence of MBP was
studied by immunohistochemistry (IHC).
6.2.1 Histology
6.2.1.1 Apoptotic cell count

Subcutaneous melanoma tumour samples from untreated control and VAQ 50µg treated
C57/BL6mice fixed in 10% NBF (3.2) were embedded in paraffin for subsequent histological
and immune-histochemical analysis. For apoptotic cell count, paraffin embedded tumours
were cut in 0.5µm sections, rehydrated and stained with haematoxylin-eosin (H&E) and
examined with a light microscope (Leica DM 1000 LED) (x100 objective). Apoptotic cells
were identified and counted following the procedure of Ghosh et al., (2001) [315] with minor
modifications. Apoptotic cells were identified by the following histological criteria: 1) cell
shrinkage; 2) Pyknosis or cell showing pronounced condensation of chromatin and
cytoplasm; 3) eosinophilic cytoplasm; 4) intracellular and extra cellular chromatin fragments;
5) crescentic condensation of chromatin at the nuclear membrane. Cells showing two or more
of the characteristics were considered apoptotic. 20 fields were examined from each slide, 10
around the necrotic area and 10 in the non-necrotic area; and all the malignant and apoptotic
cells were counted. Apoptotic Index (AI) was established for all samples using the formula
AI= number of apoptotic cells/10000 malignant cells.
Tumour slides from three different time points were examined and data analysed by
GraphPad Prism 6 with One-way ANOVA and Tukey’s multiple comparisons; P ≤ 0.05 was
considered statistically significant.
6.2.1.2 Phagocytic cell count

Phagocytic index (PI) was calculated using the same principle as for AI and expressed as PI =
Cells with phagocytic vesicles /10000 malignant cells. Only cells with distinct phagocytic
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vesicle were counted as an indicator for effective phagocytosis. Tumour infiltrating
macrophages or neutrophils without any phagocytic vesicle were excluded.
6.2.1.3 Immune cells count within tumour mass

Immune cells (neutrophils, eosinophils, lymphocytes, macrophages) infiltration was counted
following the procedure of Weidner et al., 1991 to count heterogeneous micro vascular
density within the tumour mass [316]. In this method the whole H&E stained section of
subcutaneous melanoma from C57/BL6 (untreated and treated with VAQ 50µg) as well as
C57/BL6-IL5+/+ mice was first scanned by light microscope (Leica DM 1000 LED) at low
(X10) power to identify ‘hot spots’ or areas with high immune cell infiltration within the
tumour mass. Cells were counted within the hot spots per field with high power (X100). Five
different hot spots were identified in each section of the tumour and all the immune cells
irrespective of types (neutrophil/eosinophil/lymphocyte/macrophage) were counted per field.
Slides were visualized with light microscope (x100) and images were acquired by LAS V 3.6
software. Counts were expressed as mean immune cell count (±SD)/HPF. Data was analysed
with GraphPad Prism 6 using One-way ANOVA and Tukey’s multiple comparison. P< 0.05
was considered as statistically significant.
6.2.1.4 Immune cell count in fibrous stroma

All immune cells (neutrophils, eosinophils, lymphocytes, macrophages) were counted in five
random fields of outer fibrous stroma of H&E stained subcutaneous melanoma tumour
sections (x40) using light microscope (Leica DM 1000 LED) and images were acquired from
representative areas using LAS V 3.6 software. Counts were expressed as Mean immune cell
(±SD)/HPF. Data was analysed with GraphPad Prism 6 using One-way ANOVA and Tukey’s
multiple comparison. P< 0.05 was considered statistically significant.
6.2.1.5 Eosinophil count

For eosinophil count, separate sets of slides were stained with Chromotrope-2R and
visualized and counted as described in 3.2.5.
6.2.1.6 Mast cell count

Outer fibrous stroma of the subcutaneous melanoma from C57/BL6 (control and treated)
mice as well as C57/BL6-IL5+/+ mice was examined for presence of mast cells based on
histological appearance. Large oval cells with intensely blue and large granules with in the
cytoplasm were taken as mast cell. 10 random fields were examined with light microscope
((Leica DM 1000 LED) for mast cell and number of mast cells in each field was counted
(x100) and expressed as mean (± SEM) mast cell count/HPF. Images were acquired from
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representative areas using LAS V 3.6 software Data was analysed by GraphPad Prism6 and
Tukey’s multiple comparisons. p<0.05 was considered as statistically significant.
6. 2. 2 Immunohistochemistry (IHC)
6.2.2.1 MBP staining

Paraffin embedded subcutaneous melanoma tumours from C57/BL6 (control and treated) as
well as C57/BL6-IL5+/+ mice were cut into 0.5µm sections, deparaffinised, mounted onto
slide and stained for eosinophil MBP using IHC at ACT Pathology using their standard IHC
protocol. Briefly, antigen was retrieved at 950C for 64 minutes with Ventana CC1 Solution
followed by blocking with H2O2 for 8 minutes. Sections were treated with primary anti
EMBP antibody (sc-33557) (Santa Cruz, Texas, USA) at 1: 1000 dilutions in PBS for 40
minutes followed by detection using the Ventana Ultraview DAB Detection Kit. MBP was
stained red, counterstaining and blueing was performed with haematoxylin for 4 minutes.
Slides were also prepared without primary anti-MBP antibody as negative control and a slide
from C57/BL6-IL5+/+ was used as positive control.
6.2.2.2 MBP-Red intensity calculation

Test, positive and negative slides (6.2.2.1) prepared from tumour sections (C57/BL6 control,
C57/BL6 VAQ treated and C57/BL6-IL5+/+) for IHC staining of MBP, were visualized by
Leica light microscope (x100) and images were captured using LAS V3.6 software. For
quantification of MBP red intensity, five pictures were taken from non- necrotic part of each
tumour mass. Digitalised images were analysed by MacBiophotonics Image J software.
Digitalised images were ‘colour deconvoluted’ according to red green and blue (RGB)
intensity and red intensity was measured on a scale of 0 to 255 with closer to ‘0’ being more
colour of interest and 255 being less (Fig 6.2.1). Red intensity of MBP negative control was
deducted from the red intensity of images from C57/BL6 control, treated mice and from
C57/BL6-IL5+/+ transgenic mice. Mean ± SD red intensity was calculated for each group of
mice. Red Intensity of the C57/BL6 control mice was considered as 100% and percent
change in intensity was calculated using the formula, percent change in MBP Red Intensity =
(Red Intensity of Test)/(red intensity of Control) X100. Data was analysed with GraphPad
Prism 6 using One-way ANOVA and Tukey’s multiple comparisons. P< 0.05 was considered
as statistically significant.
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Figure 6.1 Quantification of MBP red intensity

Fig 6.1: Quantification of MBP red intensity using ‘colour deconvolution’ application in MacBiophotonics
Image J software. Red green and blue colour intensity of the digitalized pictures of MBP red IHC stained slides
were measured on a scale of 0-255 after colour deconvolution. Where 0 is the Colour of interest and 255 is
white.

6.2.2.3 MBP positive cell count

For detection of MBP, subcutaneous melanoma tumour slides from C57/BL6 (VAQ treated
and untreated) and C57/BL6-IL5+/+ mice were stained for MBP by IHC (6.2.2.1).
Subcutaneous tumours preserved in 10% NBF solution were stained for MBP with IHC as
described above. Five random fields within the outer fibrous stroma at the tumour periphery
were examined with light microscope (Leica DM 1000 LED X 40) and the number of MBPpositive cells (except eosinophils) were counted in each field as an indicator of extracellular
release of MBP and was expressed as mean (±SD) MBP positive cell/HPF. Slides were
visualised and images were acquired with LAS V 3.6 software (X100). Data was analysed
with GraphPad Prism6 with One-way ANOVA and Tukey’s multiple comparisons. P< 0.05
was taken as statistically significant.
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6.2.3 Formation of Air Pouch
Air pouch technique was used to evaluate the local immune reaction at the site of injection.
Mice were anaesthetized (as describe in 2.5.3) and 2.5 mL filtered air was injected
subcutaneously (in between shoulder blade or over hind limb) on the back of C57/BL6 male
mice with a 25G sterile needles. Mice were injected twice more with 2 ml sterile air at the
same place on alternate day. On day seven 500µg or 750 µg of VAQ in 1mL PBS or 1 mL
PBS was injected in the pouch (Fig 6.2). After 12-14 Hrs. mice were culled by CO2
inhalation and pouch was washed three times with total 5 ml of ice-cold PBS. Before culling,
blood smear was made from tail vein to check for infection. Cells retrieved from air pouch
were tested for total leukocytes, differential leukocytes, apoptotic cells, and analysed for cell
surface markers and activation status (Table 10).

Figure 6. 2 Mature Air Pouch

Fig 6.2: Mature air pouch on the back of C57/BL6 mice before introducing VAQ
6.2.3.1: Leukocytes count

Air pouch collection was centrifuged for 5 minutes at 1200 rpm at 40C. Supernatant was
discarded and cells were resuspended in 2.5 mL ice-cold FACS buffer [2.1.6]. Total cells
were counted by haemocytometer [2.8] and expressed as total cells/mouse. Cytospin were
prepared for each mouse and stained with May-Grunwald Giemsa Stain as described in 2.9 &
2.10. Cytospin were examined with Leica light microscope (X40) and 100 consecutive white
cells were counted based on standard morphology for differential leukocyte count. Photos
were taken with LAS_V 3.6 software. Data was analysed with GraphPad Prism 6 using Oneway ANOVA and Tukey’s multiple comparisons. P< 0.05 was considered as statistically
significant.
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6.2.3.2. Apoptotic cell count in the air pouch collection

Cytospin prepared as above were also examined for apoptotic cells. Apoptotic cells were
identified as previously described in 6.2.1.1. Total number of apoptotic cells in each field was
counted with light microscope (Leica DM 1000 LED x40). Five random fields were
examined from each cytospin and data was expressed as mean ± SD. Data was analysed with
GraphPad Prism 6 using One-way ANOVA and Tukey’s multiple comparisons. P< 0.05 was
considered as statistically significant.
6.2.3.3 FACS analysis of air pouch collection

Cells retrieved from air pouch were analysed by FACS to determine the myeloid cell
recruitment and activation status by investigating the expression of myeloid cell surface
marker LY6G/C and CD11b. Air pouch cells were also analysed for presence of chemokine
receptor 3 (CCR3) expressing cells as a marker of eosinophil recruitment and activation.
6.2.3.3.1 Ly6G

2 X 104 cells from air pouch collection were suspended and incubated in 500µl ice-cold
FACS buffer (2.1.6) for 20 minutes. Cells were centrifuged at 1200 rpm for 5 minutes at 40C,
resuspended in 100µl Ly6G/C staining solution (1:500 dilution of anti-mouse Ly6G/C-FITC
antibody (Cat 553127, BD Bioscience) in FACS buffer). Cells were then incubated for 2 Hrs.
at 40C in the dark, washed three times with 500 µl ice-cold FACS buffer and finally
resuspended in 250µl FACS buffer. Cells were analysed by FACS (BD Biosciences
FACSVantage SE, USA), primary gate (P1) was established based on forward scatter (FSC)
and side scatter (SSC). Doublets were eliminated and remaining cells in P1 were analysed
based on FSC and green fluorescence signalling at FL1 channel. Total 25000 events were
recorded for each measurement. Results were expressed as mean (± SD) percent of cells
positive for FITC. Data was analysed by FlowJo_V10. All concentrations were investigated
in triplicate and experiments repeated at least twice. Results are representative of two
independent experiments.
6.2.3.3.2 CD11b and CCR3

2 X 104 cells collected from the air pouch were suspended and incubated in 500µl ice-cold
FACS buffer (2.1.6) for 20 minutes. Cells were centrifuged at 1200 rpm for 5 minutes at 40C
and resuspended in 100µl FACS staining solution containing CD11b-FITC antibody (mouse
antibody diluted 1:1000 in FACS buffer, Cat 553310 BD Bioscience) and 0.5µl of CCR3-PE
(FAB 729P RnD systems) was added to each sample. Samples prepared without any stain and
with individual stains were used as controls. Cells were incubated for 2 Hrs. at 40C in the
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dark, washed three times with 500µl ice-cold FACS buffer and resuspended in 250µl FACS
buffer. Cells were analysed by FACS (BD Biosciences FACSVantage SE, USA), primary
gate (P1) was established based on forward scatter (FSC) and side scatter (SSC). Doublets
were eliminated and remaining cells in P1 gate were analysed for CCR3-PE and CD11bFITC positive cells based on red (PE) fluorescence signalling at FL2 and green (FITC)
fluorescence signalling at FL1 channel after proper compensation with fluorescence minus
one (FMO) controls. Total of 25000 events were recorded for each test. Results are expressed
as mean (± SD) percent of cells positive in P1 for each parameter and also for both. Data was
analysed by FlowJo_V10.
6.2.4 FACS Analysis of Splenic CD69
To evaluate activation status of eosinophils in tumour bearing mice, spleens were collected
from three C57/BL6 control mice and three C57/BL6 mice treated with VAQ (50µg/mouse).
Spleens were homogenised and single cell suspension was prepared as described in 2.5.8.
Splenic cells were stained for CD69 with anti-mouse CD69PE antibody (553237 BD
Bioscience). 1x 107cells/test were stained with 100µl of staining solution (prepared by 1:100
dilution of the antibody in FACS buffer) mixed with gentle pipetting and incubated for 2 Hrs.
at 40C in the dark. After incubation, cells were washed three times (in 500µl ice-cold FACS
buffer) and resuspended in 250µl of ice-cold FACS buffer. Cells were also stained separately
with CCR3-PE antibody as described in section 6.2.3.3.2 to analyse the proportion of
eosinophils in the granulocytes (high SSC) gate. Cells in the granulocytes gate were analysed
by FACS for CD69 and CCR3 based on PE signalling on red channel (FL2) after establishing
granulocytes gate as described in 5.2.4. Total of 50000 events were recorded for each sample.
Results were analysed by FlowJo_V10; P< 0.05 was considered as statistically significant.
6.2.5 Subcutaneous Melanoma Model in C57/BL6-IL5+/+ Mice
To test the hypothesis that eosinophils have tumour protective role in-vivo subcutaneous
melanoma was established in C57/BL6 and C57/BL6-IL5+/+ mice following the same method
was described in 3.2.3. Briefly, freshly harvested B16F1 cells were inoculated
subcutaneously in the hind flank of 10 C57/BL6 and 10 C57/BL6-IL5+/+ mice. Blood smears
were prepared from tail vein to check for infection and to confirm the genotype of the
transgenic mice. On day 6, mice that developed tumours measuring more than 2x2mm or did
not show any tumours were removed from the study and 8 mice in each group were allocated
for the experiment. Both groups of mice were followed without further intervention and
checked for general wellbeing by BCS (Table 7). Tumours were measured every alternate
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day (longest and shortest diameter of the tumour with digital callipers, Tumour volume =
1/2(length × width2) mm3) (Table 10).

Mice were culled on day 13 or 14 when the primary tumour reached approximately 1 cm in
diameter in any direction. Tumours were collected weighed, measured and preserved in
freshly prepared 10% NBF for histological analysis.
Role of VAQ/ML was also tested on subcutaneous melanoma in C57/BL6-IL5+/+ transgenic
mice as described in 3.2.3. (Table 10)
Table 10: Mice Groups for in-vivo studies

1: Subcutaneous Melanoma

C57/BL 6
8

C57/BL6-IL5+/+

Total

8

2: Subcutaneous Melanoma in C57/BL6-IL5

Control

VAQ 50µg

8

8

3: Air Pouch in C57/BL6 mice
Control
VAQ 500 µg
3
3

16
+/+

mice
16

750 µg
3

9
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6.3 Results
6.3.1 VAQ Administration was Associated with Enhanced Innate Immune Cells
Recruitment in-vivo
Mistletoe therapy was associated with increased recruitment of immune cells at the site of
injection. In response to VAQ injection, total number of leukocytes increased linearly in a
concentration dependent manner in the subcutaneous air pouch (Fig 6.3A). Average
leukocytes retrieved was 11.83 (± 1.42) X104/mouse in the untreated control group which
significantly increased to 20.50 (± 2.84) X104 (p=0.03) in the mice treated with VAQ
500µg/mL and to 33.83 (± 4.51) x104 (p=0.0004) in the mice treated with 750µg/mL.
With increasing VAQ concentration percent of neutrophils recruited also increased
significantly in a concentration dependent manner compared to the untreated control. Mean
neutrophil percent increased more than 2 fold from 32.33% (±4.04) in the control to 75.67%
(±5.13) in VAQ 750µg/mL treated mice. Increase in neutrophils was associated with
corresponding decrease in macrophage recruitment from 48.33% (±3.51) in the control to
10% (±1.0) in the 750µg treated mice (Fig 6.3B). Interestingly, eosinophils increased
significantly from 7.66% (±2.51) in the control to 14.67% (±3.05) in the 500µg/mL (p< 0.05)
treated mice then decreased to 7.33% (±4.04) with treatment at higher concentration (Fig
6.3B).
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Figure 6. 3 Mistletoe Administration was Associated with Enhanced Immune Cells
Recruitment in-vivo

Fig 6.3: Air pouch was created subcutaneously on the back of the C57/BL6 mice as described in 6.2.3 and
injected with PBS, VAQ 500µg and 750µg in 1 ml PBS. After 12-14Hrs. air pouch was washed and cells
analysed by light microscopy. A. Bar diagram showing total immune cells recruitment in the pouch after 12-14
B. Bar diagram showing percent neutrophils, macrophages, eosinophils and lymphocytes in the air pouch in
response to VAQ. Results are expressed as mean (±SD) of triplicate value and representative of two independent
experiments. Data was analysed with GraphPad Prism 6 using One-way ANOVA and Tukey’s multiple
comparisons. P< 0.05 was considered as statistically significant.
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6.3.2: VAQ Treatment Enhanced Myeloid Cell Activation and Accumulation at
the Site of Injection in a Dose Dependent Manner
Air pouch cells were analysed by FACS to confirm microscopic findings and activation status
(6.4). VAQ treatment increased Ly6G/C positive (+) myeloid cell recruitment at the site of
injection in a dose dependent manner after 12 -14 Hrs. Mean frequency of Ly6G/C+ cells
differed significantly between the groups (F=323, R2= 0.99, p<0.0001). Mean ± (SD) percent
(%) of Ly6G/C+ cells increased significantly to 48.2% (± 2.05) and 84.90% (± 2.9) in VAQ
500µg/mL (p=0.03) and 750µg/mL (0.0001) treated mice respectively compared to 41.98%
(± 1.42) in untreated control mice (Fig 6.4.2).
VAQ injection also significantly enhanced activation status of the recruited cells. VAQ
treatment was associated with significantly increased expression of activation marker
‘CD11b’ on the recruited cells. Mean % (±SD) of CD11b+ cells differed significantly
between the groups (F=70.53, R2 =0.95, p<0.0001). Mean percent of CD11b expression
increased significantly in both VAQ 500µg/mL (p=0.02) and 750µg/mL group (p<0.0001)
[46.40% (± 4.7) and 71.64% (± 3.7) respectively] compared to untreated control [34.11% (±
3.2)] (Fig 6.4.3).
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Figure 6. 4 VAQ Treatment Enhanced Myeloid Cell Activation and Accumulation at the
Site of Injection in a Dose Dependent Manner

Fig 6.4: Cells from air pouch were stained for myeloid cell lines with anti Ly6G/C- FITC or CD11b –FITC
antibody and analysed by FACS as described in 6.2.4. 1. Scatter plot showing unstained cells (A, D), FSC and
SSC (A), removal of doublets (B), cells in the P1 or primary gates (C). % positive Ly6G/C in untreated control,
VAQ 500µg, VAQ 750µg treated mouse (E, F, G); % positive CD11b population in control, VAQ 500µg, VAQ
750µg treated mouse (H, I, J) in P1gate. 2 & 3: Bar diagram showing mean (± SD) % of Ly6G/C positive and
CD11b positive cells in the air pouch collection ( in P1). Total 25,000 events were analysed for each sample.
Results are representative of two separate experiments. Data was analysed by GraphPad Prism 6 with One-way
ANOVA and Tukey’s multiple comparisons. Data is expressed as mean % (± SD). P< 0.05 was considered as
statistically significant
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6.3.3 Recruitment of CCR3 Positive Cells in-vivo in Response to VAQ was
Dose Independent
Mean percent of CCR3 positive cells in the air pouch (P1 populations) differed significantly
among the group (F=12.73, R2=0.69). Mean percent of CCR3 positive cells increased
significantly to 52.43% (± 9.09) (p = 0.01) after treatment with VAQ 500µg/mL compared to
35.11% (±5.16) in the untreated control. However, treatment with higher concentration of
VAQ (750µg/mL) it decreased to 25.82% (±9.13) (p< 0.19) (Fig: 6.5, 1 & 2). Within the P1
population, recruited CCR3 positive cells also had significantly increased CD11b intensity
(19.08% (± 2.89) with VAQ 500µg/mL compared to 10.79% (±1.69) in the untreated control
(p= 0.01). However, CD11b intensity of the CCR3 positive cells in response to VAQ
750µg/mL (14.79% (±2.3)) was not statistically different from untreated control (p=0.18)
(Fig: 6.5, 1 & 3).
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Figure 6. 5 Recruitment of CCR3 Positive Cells in-vivo in Response to VAQ was Dose
Independent

Fig 6.5: Cells from air pouch were doubly stained for chemokine receptor 3 (CCR3) and activation marker
CD11b with anti CCR3-PE and anti CD11bFITC antibody and analysed by FACS as described in 6.2.4. Scatter
plot showing unstained cells (A), removal of doublets (B), and cells in the primary gates [P1](C). D, E, F:
showing % of cell positive for CCR3 [Q3], CCR3 and CD11b positive [Q2], CD11b positive [Q1] in control,
VAQ 500µg, VAQ 750µg treated mouse in P1 gate, respectively (1). 2 & 3: Bar diagram showing mean %
(±SD) of cells positive for CCR3 alone (2) and CCR3, CD11b both (3) in response to different concentration of
VAQ in P1 population in the air pouch. Total 25,000 events were recorded for each sample. Results are
representative two separate experiments. Data was analysed by GraphPad Prism 6 with One-way ANOVA and
Tukey’s multiple comparisons. Data was expressed as mean percent (%) (± SD). P< 0.05 was considered as
statistically significant.
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6.3.4 VAQ Administration was Associated with Apoptosis of Local Immune
Cells
Cytospins prepared from air pouch cells were examined for apoptotic cells as described in
section 6.2.4. Mean number of apoptotic cells was significantly different among the groups
(F= 59.11, P<0.0001, R2=0.92). Number of apoptotic cells in the air pouch increased in a
concentration dependent manner from 2.5 (± 2.0)/HPF in control, to 9.25 (±1.2)/HPF in VAQ
500µg/mL (p= 0.0011) and 16.0 (± 1.82)/HPF in VAQ 750µg/mL treated mice (p< 0.0001)
(Fig: 6.6 A and B).
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Figure 6.6 VAQ Induced Apoptosis of Immune Cells in-vivo in a Dose Dependent
Manner

Fig 6.6: Cytospins prepared from air pouch cells and examined for differential counts and apoptotic cell counts
by light microscopy (Leica DM 1000 LED x40) as described in 6.2.3.2. Apoptotic cells are highlighted within
the circle. A: Apoptotic cells in untreated control C57/BL6 mice, B & C: Apoptotic cells in response to VAQ
500 and 750µg/mL respectively. Left column 1x40 field, right column zoomed in for better visualization of
apoptotic cells. D: Bar diagram showing Mean (±SD) number of apoptotic cells /HPF in the air pouch in the
control and in response to VAQ. Data are representative of two independent studies. Data was analysed by
GraphPad Prism 6 with One-way ANOVA and Tukey’s multiple comparison. Data is expressed as mean % (±
SD). P< 0.05 was considered as statistically significant.
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6.3.5 VAQ Therapy was Associated with Increased Number of CD69 Positive
Granulocytes (Eosinophils)
Mean percent of CD69 positive granulocytes cell population increased to 16.33% (±1.33) in
VAQ treated (50 µg/100µl/mice equivalent to 500µg/mL) melanoma bearing C57/BL6 mice
compared to 11.87% (±2.21) in untreated melanoma bearing mice (Fig 6.7) (p=0.04). More
than 90% of these granulocytes were positive for eosinophils on further analysis with CCR3.
(Appendix: 11)

Figure 6.7 VAQ Treatment was associated with Increased Number of CD69 Positive
Eosinophils

Fig 6.7: Splenocytes from melanoma bearing mice were analysed for CD69 expressing eosinophil population
by FACS as described in 6.2.4. A: Scatter plot showing primary gates and percent CD69 positive eosinophil
population in the melanoma bearing untreated C57/BL6 control and VAQ treated mice (50µg/100µl/mouse). B.
Bar diagram showing the mean % (±SD) of CD69 positive eosinophils in response to VAQ treatment. Data are
representative of two separate experiments. Data was analysed by GraphPad Prism 6 with student t test and
expressed as mean % (± SD). P< 0.05 was considered as statistically significant. Total number of spleen N= 2x
(3x2). (More than 90% cell in the granulocytes gate were CCR3 positive, appendix 10)
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6.3.6 VAQ Induced Tumour Reduction was Associated with Higher Apoptosis
and Phagocytosis within the Tumour in the Treated Mice
H&E stained slides of melanoma tumours from C57/BL6 mice were studied for apoptosis and
phagocytosis as described in section 6.2.1. VAQ treated mice had significantly (p= 0.0039)
higher apoptotic index (AI) (1341 ±161.2) compared to the untreated control (910.8 ±58.48)
(Fig 6.8 A, B, D). VAQ treated mice also had significantly higher mean phagocytic Index
(PI) of 305.77 (±49.24) compared to untreated control 158.76 (±18.21) (p=0.049) (Fig 6.8 A,
C, E).
Figure 6. 8 VAQ Treatment Enhanced Apoptosis and Phagocytosis of Tumour Cell invivo

6.8: H&E stained histology slides prepared from subcutaneous melanoma tumour of C57/BL6 mice were
examined for apoptosis and phagocytosis. A) Relative lack of apoptosis and phagocytosis in non- necrotic area
of tumour in control mice; B) Apoptosis in non-necrotic area of tumour in 50µg VAQ treated mice; C)
Phagocytosis in non-necrotic area of tumour in 50µg VAQ treated mice. Black arrow = apoptosis; black circle=
phagocytosis. Slides were visualized with Leica DM 1000 LED (X100) and images were acquired with LAS V
3.6. D: Bar diagram showing mean (±SD) AI (Apoptotic cell/10,000 tumour cells) in the untreated control and
VAQ (50µg) treated mice; E: Bar diagram showing mean (±SD), PI (Phagocytic cell/10,000 tumour cell) in the
control and VAQ (50µg) treated mice. AI: Apoptotic Index, PI: Phagocytic Index.
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6.3.7 Melanoma Growth was Attenuated in C57/BL6-/IL5+/+ Transgenic Mice
Compared to C57/BL6 Mice
Subcutaneous melanoma was established in C57/BL6 and C57/BL6-IL5+/+ mice as described
in section 6.2.5. Melanoma growth was significantly reduced in C57/BL6-IL5+/+ transgenic
mice compared to C57/BL6 mice (p<0.0001). Mean (±SEM) volume of melanoma was 468.9
(± 56.14) mm3 in the C57/BL6 mice with 95% CI being (339.4 – 598.3 mm3) whereas in the
C57/BL6-IL5+/+ transgenic mice it was 137.2 (± 30.23) mm3 with 95% CI of 67.46206.9mm3 (Fig. 6.9).
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Figure 6. 9 Melanoma Growth was Attenuated in C57/BL6-IL5+/+ Transgenic Mice
Compared to C57/BL6 Mice

Fig. 6.9: Subcutaneous melanoma was established with B16F1 cells in C57/BL6-IL5+/+ and C57/BL6 mice as
described in 6.2.5. Tumour growth and general wellbeing of the mice was monitored without any other
intervention. A: Image depicting tumour growth in the C57/BL6 and C57/BL6-IL5+/+ at the time of culling on
day 14 post inoculation. B: Bar diagram showing mean (± SEM) tumour volume in mm3 in the C57/BL6 and
C57/BL6-IL 5 +/+ mice. Data are representative of two independent experiments and analysed with GraphPad
Prism 6 by unpaired T test. Results are expressed as mean ± SEM. P≤0.05 was considered statistically
significant. Total mice N=16x2.
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6.3.8 Melanoma Growth Reduction in C57/BL6-IL5+/+ Transgenic Mice was
associated with High Eosinophil Count Compared to C57/BL6 Mice
Eosinophil number in the outer fibrous stroma of the tumours collected from C57/BL6 and
C57/BL6-IL5+/+ mice was counted as described in section 6.2.1. C57/BL6-IL5+/+ transgenic
mice had significantly (p<0.0001) more eosinophils in the fibrous stroma at the tumour
periphery with mean eosinophil counts of 48.2 (±11.3)/HPF and 95% CI of (39.5-56.9)
compared to mean eosinophil count of 6.50 (±3.48)/HPF with 95% CI of 4.29-8.71 for
C57/BL6 mice (Fig. 6.10).
Figure 6.10 C57/BL6- IL5+/+ Transgenic Mice have Higher Number of Eosinophils in
Fibrous Stroma at the Tumour Periphery

Fig 6.10: Subcutaneous melanoma slides from C57/BL6 and C57/BL6-IL5+/+mice were stained and eosinophils
counted as described in section 3.2.5 with Leica DM 1000 LED light microscope (x40). Slides were visualised
and images were acquired (X100) with LAS V 3.6 software. Slide showing eosinophils in the fibrous stroma
surrounding the tumour in A: C57/BL6 mice; and B: C57/BL6-IL5+/+mice. Black arrows represent eosinophils.
C: Bar Diagram showing mean (±SD) eosinophil count/HPF. Data are represnetaive of mean eosinophil count in
random fields. Significant difference is indicated.

165

6.3.9: Total Immune Cell Infiltration in the Outer Fibrous Stroma was
Significantly Higher in VAQ Treated and C57/BL6-IL5+/+ Mice Compared to
control C57/BL6 Mice
To determine the total immune cell infiltration in the outer fibrous stroma, all the
lymphocytes, neutrophils, eosinophils and macrophages were counted in 5 random fields of
outer stroma in each tumour as described in 6.2.1.4. C57/BL6-IL5+/+ mice had significantly
higher number of the immune cells/HPF compared to C57/BL6 mice (p=0.0002) and
C57/BL6 mice treated with VAQ 50µg (p=0.001) (Fig 6.11). Mean (± SD) immune cells
were 66.25 (± 10.08)/HPF (95% CI= 50.21 - 82.29) in the C57/BL6-IL5+/+ mice compared to
22.50 (± 8.02)/HPF (95% CI=9.73 - 35.26) and 37.25 (± 11.78)/HPF (95% CI=27.40 - 47.10)
in the C57/BL6 and C57/BL6 VAQ treated mice respectively (Fig 6.3.9 D). Although
immune cell count/HPF was higher in the C57/BL6 treated group compared to the C57/BL6
mice the difference was not statistically significant (p= 0.09) (Fig 6.11).

166

Figure 6. 11 Total Immune cell Infiltration in the Fibrous Stroma at Tumour Periphery

Fig 6.11: H&E stained subcutaneous melanoma slides from C57/BL6 (Control and VAQ treated) and C57/BL6IL5+/+ mice were examined for immune cell infiltration in the fibrous stroma at the tumour periphery.
Representative images show immune cells in the outer fibrous stroma of [A] Control C57/BL6 mice [B] VAQ
(50µg) treated C57/BL6 mice, [C] C57/BL6-IL5+/+ mice. Slides were visualized and cells counted with Leica
DM 1000 LED (X40), images were acquired with LAS V 3.6. D: Bar diagram showing significantly higher
immune cells in the C57/BL6-IL5+/+mice compared to C57/BL6 control and treated mice. Data were analysed
with GraphPad Prism6 using One-way ANOVA and Tukey’s multiple comparisons. Data is expressed as mean
(± SD) immune cell/HPF in the stroma and p values are indicated. [Arrow head: immune cell].
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6.3.10 Tumour Growth Reduction in C57/BL6-IL5+/+ Mice was Associated with
Higher Immune Cell Infiltration within the Tumour Mass Compared to C57/BL6
Mice
Immune cell infiltration within the tumour mass of C57/BL6 mice, treated C57/BL6 mice and
C57/BL6-IL5+/+ transgenic mice were examined as described in 6.2.1.3. C57/BL6-IL5+/+
mice showed highest number of immune cells/HPF within the hot spot of immune cell
infiltration (Fig 6.12 B and D). Mean (± SD) immune cells/HPF in the hot spot was 21.00 (±
3.5) in the C57/BL6-IL5+/+ transgenic mice compared to 6.8 (±3.1)/HPF in the C57/BL6
control (p=0.0002) and 9.6 (± 4.5)/HPF in the C57/BL6 mice treated with VAQ (p= 0.001).
There was no differenc in immune cell infiltration/HPF between C57/BL6 mice and C57/BL6
mice treated with VAQ (p=0.49) (Fig. 6.12 D).
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Figure 6.12 Immune Cells Infiltration within the Tumour was Higher in C57/BL6-IL5+/+
Mice Compared to the Control and VAQ Treated C57/BL6 Mice

Fig 6.12: H&E stained subcutaneous melanoma slides from C57/BL6 (Control and VAQ treated) and C57/BL6IL5+/+ transgenic mice were examined for immune cell infiltration within the tumour as described in 6.2.1.3.
Representative images showing immune cells in a ‘hot spot’ within the tumour in [A] Control C57/BL6 mice
[B] VAQ50µg treated mice [C] C57/BL6-IL5+/+ mice. Slides were examined and cells counted using Leica DM
1000 LED (X100), images were acquired with LAS V 3.6. D: Bar diagram showing mean immune cells (±
SD)/HPF in the C57/BL6 untreated, C57/BL6 treated and C57/BL6-IL5+/+mice. Data was analysed with
GraphPad Prism6 using One-way ANOVA and Tukey’s multiple comparisons. Data is expressed as mean (±
SD) immune cell/HPF in the ‘hot spot’ with p<0.05 as statistical significance. [Black arrow: immune cell].

169

6.3.11 Tumour Reduction in C57/BL6-IL5+/+ Mice was Associated with Higher
Mast Cell Count in the Outer Fibrous Stroma
H&E stained subcutaneous melanoma slides were examined for mast cells as described in
6.2.1.6. Mean (±SEM) mast cell count was significantly different between the groups (F=
8.36, R2= 0.38). Mean (±SEM) mast cell count was 0.1 (±0.1), 0.3 (±0.15) and 1.6 (±0.45) in
C57/BL6 control, C57/BL6 VAQ treated and in C57/BL6-IL5+/+ mice respectively (Fig 6.13).
Mean mast cell count in the C57/BL6-IL5+/+ mice was significantly higher compared to
C57/BL6 control (p=0.002) and treated mice (p=0.008) (Fig. 6.13), but the difference was not
statistically significant between C57/BL6 and C57/BL6 VAQ treated mice (p= 0.8).
Figure 6. 13 Tumour Reduction in C57/BL6-IL5+/+ Mice was also Associated with
Higher Mast Cell Counts in the Fibrous Stroma at the Tumour Periphery

Fig 6.13: H&E stained subcutaneous melanoma slides from C57/BL6 (Control and VAQ treated) and C57/BL6IL5+/+ mice were examined for mast cells in the fibrous stroma at the tumour periphery. Representative images
showing mast cells in the outer stroma of [A] Control C57/BL6 mice [B] C57/BL6-IL5+/+ mice and [C] VAQ
(50µg) treated C57/BL6 mice. Slides were examined and cells counted with Leica DM 1000 LED microscope
(X100), images were acquired with LAS V 3.6. D: Bar diagram shows significantly higher mast cells in the
C57/BL6-IL5+/+mice compared to C57/BL6 control and treated mice. Data were analysed with GraphPad Prism
6 using One-way ANOVA and Tukey’s multiple comparisons. Data is expressed as mean (± SEM) mast
cell/HPF in the stroma. p values are indicated and p<0.05 was taken as statistically significant. [Arrow: Mast
cell].
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6.3.12. Tumour Reduction in the C57/BL6-IL5+/+ Mice and VAQ Treated
C57/BL6 Mice was Associated with High Number of MBP Positive Cells in the
Outer Stroma at the Tumour Periphery
Cells (other than eosinophils) which stained for Major Basic protein (MBP) by IHC were
counted as an indicator of extracellular release of MBP or eosinophil degranulation as
described in 6.2.2. Mean (±SD) MBP-positive cells/HPF were 13.33 (±3.21), 29.00 (±3.6)
and 44.00 (±6.5)/HPF in C57/BL6, C57/BL6 VAQ treated and in C57/BL6-IL5

+/+

mice

respectively (Fig 6.14.D). Mean MBP positive cell number/HPF were significantly higher in
VAQ treated C57/BL6 (p<0.01) and C57/BL6-IL5 +/+ mice (p<0.0005) compared to C57/BL6
mice (Fig 6.14 D). MBP positive cell counts were also significantly different between
C57/BL6 VAQ treated and C57/BL6-IL5+/+ (p < 0.01) mice.
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Figure 6.14 Tumour Reduction in the VAQ Treated C57/BL6 and C57/BL6-IL5+/+ Mice
were Associated with High Number of MBP Positive cells in the Fibrous Stroma at the
Tumour Periphery

Fig 6.14: IHC stained subcutaneous melanoma slides from C57/BL6 (Control and VAQ treated) and C57/BL6IL5+/+ transgenic mice were examined for cells (other than eosinophils) which stained for MBP. Representative
pictures showing MBP positive (Red stained) stromal cells at the tumour periphery. [A] Control C57/BL6 mice
[B] VAQ50µg treated C57/BL6 mice and [C] C57/BL6-IL5+/+ mice. Slides were examined by Leica DM 1000
LED and MBP +ve cells were counted in 5 random fields (X40) and pictures were acquired with LAS V 3.6.
(X100) D: Bar diagram showing mean (± SD) MBP + ve cell/HPF in the C57/BL6 (control and treated) and
C57/BL6-IL5+/+mice. Data were analysed with GraphPad Prism 6 using One-way ANOVA and Tukey’s
multiple comparisons. p<0.05 was taken as statistical significance. Arrow: example MBP positive cell.
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6.3.13. Melanoma Growth Reduction was Associated with Increased
Extracellular Deposition of MBP within the Tumour Parenchyma
Eosinophil degranulation and MBP release was quantified on a scale of 0-255 based on the
intensity of MBP red stain within the tumour parenchyma as described in 6.2.2. VAQ treated
C57/BL6 and C57/BL6-IL5+/+mice had more MBP within the tumour parenchyma than the
C57/BL6 control mice (Fig 6.15 B, C, D). MBP positivity increased more than 2 folds in
C57/BL6 VAQ treated (247.4% ±26.56) and C57/BL6-IL5+/+ (245.7% ±25.60) mice
compared to the control 100% C57/BL6 mice (p< 0.0001) (Fig 6.15 E). But the difference in
MBP positivity within the non-necrotic tumour core of VAQ treated C57/BL6 and the
C57/BL6-IL5+/+ mice was not statistically significant (p<0.98).
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Figure 6. 15 Melanoma Growth Reduction was Associated with Increased Extracellular Deposition of MBP within the Tumour
Parenchyma

Fig 6.15: Subcutaneous melanoma slides from C57/BL6 (Control and VAQ treated) and C57/BL6-IL5+/+ transgenic mice were examined for eosinophil degranulation by
IHC staining for MBP (red) within tumour parenchyma. Representative images showing MBP level in the tumour parenchyma of [A] C57/BL6 Control mice (MBP antibody
negative slide) [B] Control C57/BL6 mice [C] VAQ50µg treated C57/BL6 mice and [D] C57/BL6-IL5+/+ transgenic mice. Slides were analysed with Leica DM1000 LED
(X100) and images were acquired with LAS V 3.6. Intensity of MBP was analysed with colour deconvolution using MacBiophotonics Image J E: Bar diagram showing mean
% (± SD) change in MBP red intensity in the C57/BL6, VAQ treated C57/BL6 and C57/BL6-IL5+/+mice. Data were analysed with GraphPad Prism 6 using One-way
ANOVA and Tukey’s multiple comparisons. p<0.05 was considered as statistical significance. Total number of mice N= (8x3)X 2
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6.3.14 VAQ Treatment in C57/BL6-IL5+/+ Mice did not Reduce Tumour Growth
Subcutaneous melanoma was established in C57/BL6-IL5+/+ mice as described in 6.2.5.
Interestingly VAQ treatment did not reduced the tumour volume in C57/BL6-IL5+/+ mice
compared to the untreated C57/BL6-IL5+/+ mice. Mean tumour volume (±SEM) was 210. (±
28.55)

mm3 in mice treated with VAQ 50µg compared to 137.2 (± 30.23) mm3 in the control

C57/BL6-IL5+/+ mice (p=0.09) (Fig 6.16).

Figure 6.16 VAQ/ML Treatment in C57/BL6-IL5+/+ Mice did not Reduce the
Melanoma Growth

Fig 6.16: Subcutaneous melanoma was established in C57/BL6-IL5+/+ mice and treated with
VAQ 50µg as described in 3.2.3. Tumours were measured and volume calculated as
described in 2.5.5. B. Bar graph showing final mean (± SEM) volume of melanoma in mm3 in
C57/BL6-IL5+/+ mice in response to VAQ treatment. Data was analysed with GraphPad
Prism 6 using Unpaired t test. P<0.05 was considered as statistically significant. Total
number of mice N = 32 (16/experiment x 2).
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6.4 Discussion
VAQ administration resulted in recruitment and activation of myeloid cells, including
eosinophils and mast cells, at the site of injection in the mice. Taken together with my finding
that C57/Bl6-IL-5+/+ mice had reduced tumour growth compared to C57/Bl6 mice, it suggests
that VAQ may mediate its antitumour effects via recruitment and activation of eosinophils.
VAQ injection was associated with increased recruitment of Ly6G/C+, CD11bhi and
CCR3/CD11bhi leukocytes at the site of injection. Additionally, VAQ administration in
tumour bearing mice was associated with activation of splenic eosinophils. There was
increased apoptosis and phagocytosis within the tumour in response to VAQ treatment. The
observed reduced tumour growth in C57/Bl6-IL-5+/+ mice was associated with eosinophil
accumulation and MBP release within the outer fibrous stroma as well as in the tumour
tissue. Melanoma growth reduction in C57/BL6-IL5+/+ mice was also associated with
increased mast cells in the outer fibrous stroma, suggesting a possible tumour protective role
for mast cells. Interestingly, VAQ treatment did not result in any further melanoma reduction
in C57/Bl6-IL-5+/+ mice.
Neutrophil and eosinophil recruitment in response to ML treatment in-vivo has been reported
before in an air pouch model similar to the one used in my study [13]. In contrast to this
study, dermal histology in healthy human subjects demonstrates increased lymphocyte and
monocyte infiltration at the site of administration, without an increase in neutrophils or
eosinophils [92] 9 days after VAQ injection; the timing of the test may explain the absence of
acute inflammatory cells (neutrophils, eosinophils).
Neutrophils and eosinophils are two of the myeloid cells that express Ly6G/C [317] and
CD11b upregulation is a marker of active recruitment of these cells [318]. Upregulation of
CD11b on macrophages with increased accumulation in the lungs in response to VAQ has
been previously documented [319], but evidence for increased expression of CD11b in
response to VAQ/ML in other myeloid cells is lacking. However, increased CD11b
expression in cells retrieved from air pouch is consistent with differential white blood cell
(WBC) count in this study (Fig 6.3). VAQ is known to increase TNF-α and GMCSF [87,
107], cytokines required for enhanced expression of CD11b on eosinophils [318, 320], which
might explain upregulation of CD11b observed in this study. Increased CD11b expression is
required for endothelial adhesion and transmigration of eosinophils to the target site [318,
320]. Upregulation of CD11b and Ly6G/C+ cells in response to VAQ treatment in this study
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suggests that VAQ can actively recruit these cells at the site of injection. These results
provide an insight into the possible mechanism for eosinophil recruitment and the resulting
eosinophilia in response to VAQ treatment. Secondary to recruitment, immune cells
underwent apoptosis in a dose-dependent manner (Fig: 6.6). Enhanced apoptosis of immune
cells particularly neutrophils, T lymphocytes, monocytes and eosinophils by VA has been
previously reported [307, 309, 321, 322]. In contrast to most of these studies that were done
in-vitro, one in-vivo study reported increased tumour growth with increased apoptosis of DCs
in response to high ML concentration [29]. Proper removals of apoptotic cells are critical for
maintenance of tissue homeostasis [248], however, the fate or downstream effects of these
VAQ/ML induced apoptotic immune cells in-vivo is currently mostly unknown.
Percent of CD11bhi cells and Ly6G/C+ cells increased independently in a dose-dependent
manner, but percent of eosinophil lineage CCR3 positive cells increased initially and then
declined with higher concentration of VAQ in this study (Fig 6.5). This finding is in line with
my microscopic findings (Fig: 6.3). Decreased eosinophil percent with higher concentration
of VAQ could be explained by the induction of apoptosis and necrosis, as previously reported
by Lavastre et al., (2005) [322] as well as my in-vitro study (Fig 5.4). Linear increase in
neutrophils, decrease in lymphocytes and macrophages, and initial increase with a subsequent
decrease in eosinophils in response to VAQ (Fig 6.3) could reflect the variation in
susceptibility of immune cells to VAs which has been previously reported for lymphocytes,
neutrophils and monocytes [76, 307, 309]. In this study, the percent of activated eosinophils
(CCR3-CD11bhi), decreased in response to 750µg/mL VAQ after increasing in the mice
treated with 500 µg/mL VAQ (in the P1 population) (Fig 6.5). It is interesting and important
to note that tumour growth was higher with 75µg/100µl/mice (equivalent to 750µg/ml) tested
in this study (Fig: 3.2) compared to the group of mice treated with 50µg/100µl/mice
(equivalent to 500 µg/mL). Currently, it is not clear if this is due to variation in the activation
status of eosinophils.
In this study, another early activation marker, CD69, was significantly upregulated in splenic
eosinophils (Fig 6.7) in the VAQ treated melanoma-bearing C57/BL6 mice compared to the
control. Omeje (2011) first reported upregulation of CD69 on splenocytes by sesquiterpene
acid and an alkaloid from mistletoe extract [323]. However the results were not compared
with whole mistletoe extracts and splenocytes were not further characterised but may very
well reflect changes in eosinophils, as shown in my study. It is interesting to note that CD11b
and CD69 denote different activation status for eosinophil [161]. Whereas CD11b is required
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for recruitment, CD69 upregulation denotes functional activation with enhanced antibody
dependent cell-mediated cytotoxicity (ADCC), cytokine production and mediator release in
response to IL-5 and/or GMCSF [161].
I found in-vivo tumour reduction by VAQ/ML was associated with significant apoptosis
within the tumour, (Fig 6.8 & Appendix 11) confirming the results of in-vitro (Fig 4.4)
findings as well as previously reported data by Thies et al., (2008) and Beuth et al., (2006).
Both of these studies demonstrated the efficacy of VA/ML in apoptosis induction within the
tumour in-vivo [29, 324]. PI was also higher in the treated C57/BL6 mice than in the
untreated control in this study (Fig 6.8 & Appendix 11). This observation supports the
macrophage activating role of VA/ML [87, 333]. Higher phagocytosis (Fig 6.8) may also be
due to reduced expression of melanoma cell CD47 in response to VAQ, as observed in invitro study (Fig 4.6). In most cases macrophage activation status has been assessed based on
gene expression and/or cytokine secretion [87, 319, 325]. This data is the first functional
demonstration of the previous genetic or cytokine release data.
Melanoma growth was significantly attenuated in C57/BL6-IL5+/+ transgenic mice compared
to the C57/BL6 mice, which highlights the importance of IL-5 mediated eosinophil activation
and recruitment in melanoma (Fig 6.9). C57/BL6-IL5+/+ mice have previously been shown to
be protected against development of primary fibrosarcoma and hepatocellular carcinoma in
association with eosinophil influx [182, 183]. This is in contrast to a study showing that
infiltrating eosinophils do not have any protective role in melanoma in C57/BL6 mice [184].
These conflicting results may be due to the fact that in C57/BL6-IL5+/+ mice, eosinophils are
consistently activated due to the high systemic IL-5, in contrast to eosinophils in C57/BL6
mice [326]. In fact published data suggest that without IL-5 mediated activation, eosinophils
cannot exert their anti-tumour effects [183, 327]. Data are accumulating underpinning the
potential importance of activated eosinophils in tumour reduction [182, 183, 191, 327]. In
the present study, untreated eosinophils failed to show any cytotoxic property against B16F1
in cell culture but showed potent cytotoxic effects after VAQ/ML treatment (Fig 5.1). This is
in line with previous data showing that VAQ/ML increases IL-5 and GMCSF secretion from
PBMC, two cytokines required for eosinophil activation [93].
C57/BL6-IL5+/+ and C57/BL6 mice had several significant differences in their tumour micro
environment in this study. Besides high eosinophil count, C57/BL6-IL5+/+ mice also had
significantly higher total immune cells (66.25/HPF) (eosinophils, lymphocytes, neutrophils
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and macrophages together) in the out fibrous stroma compared to the C57/BL6 mice (Fig
6.11). Immune cell infiltration within the tumour was also higher in C57/BL6-IL5+/+ mice
compared to untreated C57/BL6 control (Fig 6.12). High eosinophils and other immune cell
count within the fibrous stroma of tumours as well as in other disease conditions has been
reported in C57/BL6-IL5+/+ mice [182, 328-331]. Higher number of tumour infiltrating
immune cells were associated with reduced melanoma growth in C57/BL6-IL5+/+, in line
with observations showing that higher number of pre-treated tumour infiltrating leukocytes
(TIL)s resulted in better prognosis in cancer [328]. It is becoming increasingly clear that TILs
and TAMs modulate immune function at the microenvironment and are important players in
cancer immunity [328-330]. Significantly, more than 75% of the TILs were eosinophils
(66/HPF total immune cells versus 48/HPF eosinophils) in subcutaneous melanoma in
C57/BL6-IL5+/+ mice in this study (Fig 6.11).
Unexpectedly, I found mast cells were significantly increased in the outer fibrous stroma of
C57/BL6-IL5+/+ mice compared to both untreated and VAQ treated C57/BL6 mice (Fig 6.13).
Which could be due to the presence of increased eosinophil MBP which can mediate mast
cell activation [144]. The exact role of mast cells, if any, in tumour stroma is unclear.
Available data suggest that it could potentially modulate tumour biology [332-334]. While
molecular research suggests mast cells might promote tumour growth and progression by
neo-angiogenesis [333], clinical data has shown better prognosis with high mast cell count in
breast cancer patients [334].
Eosinophils and mast cells are pro-fibrogenic and important modulators of collagen synthesis
and fibrosis [171] which might explain the increased stromal thickness seen in VAQ treated
and C57/BL6-IL5+/+ mice (Fig 6.11) Increased stromal elements or fibrous capsule with
reduced tumour growth in C57/BL6-IL5 +/+ mice has been reported previously, [182] and may
be due, at least in part, to increased release of MBP from eosinophils [141].
MBP release, a characteristic marker of eosinophil activation, was higher in the VAQ treated
C57/BL6 mice as well as in C57/BL6-IL5+/+ mice with extracellular MBP deposition evident
in the outer fibrous stroma (Fig 6.15 & Appendix 12) as well as in the necrotic and nonnecrotic tumour core. Increased MBP release within the necrotic core of melanoma in
C57/BL6 mice has been reported previously [184] but evidence for extracellular MBP in the
non-necrotic core or fibrous stroma is lacking. Interestingly alteration in MBP positivity was
similar in C57/BL6-IL5+/+ transgenic and VAQ treated C57/BL6 mice, highlighting the
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presence of degranulating eosinophils. Previous studies on fibrosarcoma, hepatocellular
carcinoma and lung cancer in C57/BL6-IL5+/+ mice have reported increase in eosinophil
number [182, 183, 327] and other makers of activation but did not examine degranulation;
increased eosinophil degranulation in C57/BL6-IL5+/+ mice with necrosis of the affected part
has been demonstrated in eosinophilic oesophagitis [331] and in eosinophil-induced liver
injury [183]. Paradoxically, VAQ did not reduce melanoma growth in C5/BL6-IL5+/+ mice,
in fact, there was a mild increase in tumour growth though it was not statistically significant
(Fig 6.16). This observation could be because eosinophils in C57/BL6-IL5+/+ mice are
already activated by endogenous IL-5 in the untreated mice [335, 336]; apoptosis and
necrosis of these activated eosinophils/immune cells by exogenous and highly toxic VAQ as
observed in my study will lead to decrease number of activated eosinophils/immune cells at
the tumour microenvironment.
VAQ mediated apoptosis/necrosis of the tumour infiltrating immune cells at the tumour site
has implications for cancer immunotherapy. Apoptosis and necrosis of ‘altered immune cells’
which are usually found at tumour microenvironment [269] could release the
microenvironment from the negative regulation of these cells, thereby acting as an antitumorigenic agent which could explain the reduced tumour growth with VAQ/ML in
C57/BL6 mice in the preliminary study (Chapter 3). Alternatively apoptosis/necrosis of
activated immune competent cells at the site could potentially lead to increased tumorigenesis
as previously reported by Thies et al., (2008) [29]. The final result would depend on the
balance between the two outcomes. In the preliminary study melanoma growth was higher
with the higher dose of VAQ, the same concentration that subsequently resulted in low
CCR3/11bhi (activated eosinophils) cells in-vivo. Failure of melanoma reduction by VAQ in
C57/BL6-IL5+/+ mice highlights the importance of activated but healthy eosinophils and other
immune cells in the tumour microenvironment.
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Chapter 7

General Conclusions
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7.0 General Conclusion
Use of mistletoe as an adjunct to cancer chemotherapy has been in practice for more than
nine decades in Europe but in the rest of the world, its use in cancer is viewed with
scepticism. There are numerous published articles on mistletoe studies, but the results are
inconsistent and contradictory. However, several clinical studies have reported improvement
in the quality of life of cancer patients and increased eosinophil count after mistletoe
treatments. The present study was undertaken to evaluate the role of mistletoe (VAQ/ML) in
melanoma and the possible implication of VAQ/ML mediated eosinophil accumulation at the
tumour site.
In this study, in-vivo data showed that VAQ and ML reduce primary melanoma burden as
well as lung metastasis, and treatment was also associated with improved survival of
melanoma-bearing mice. Both VAQ and ML were equally effective; importantly melanoma
reduction was associated with increased eosinophil accumulation at the tumour periphery.
In order to define possible molecular mechanisms for the observed in-vivo effects, an in-vitro
cell culture system was used. VAQ/ML could directly inhibit the proliferation of melanoma
cell line B16F1 in culture. This effect is complex and it influences multiple hallmarks of
cancer by induction of apoptosis and downregulating the expression of antiphagocytic
transmembrane protein CD47 on melanoma cells. That the cell culture data were directly
applicable in-vivo is shown by the observation that there was increased apoptosis and
phagocytosis within the tumours of VAQ/ML treated mice.
Data from this study strongly suggest that VAQ/ML influence the tumour microenvironment
by actively recruiting eosinophils. VAQ/ML treated eosinophils reduced B16F1 proliferation
in-vitro, this was associated with increased apoptosis, degranulation and release of MBP and
down-regulation of signal regulatory protein (SIRP-α) expression on eosinophils. To validate
the in-vitro findings, subcutaneous melanoma were induced with B16F1 cells in C57/BL6IL5+/+ transgenic mouse model (C57/BL6-IL5+/+). These mice have 10-15 fold more
eosinophils than wild-type C57/BL6 mice [331]. Reduced melanoma growth, with evidence
of eosinophil degranulation in C57/BL6-IL5+/+ transgenic mice in this study supports my invitro data that suggest eosinophils have a role in melanoma growth reduction dependent upon
their activation status.
VAQ/ML are known to induce direct cytotoxicity against various cancer cells by induction of
apoptosis via modulation of intrinsic and mitochondrial pathway [5, 30, 46, 204, 320].
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Present study shows for the first time the involvement of CD47; another pathway in
VAQ/ML induced apoptosis. CD47 down-regulation or ligation has been reported to induce
apoptosis of cancer cells in a caspase-independent manner [271]. This study shows that
VAQ/ML treatment leads to downregulation of the anti-phagocytic marker CD47, which is
usually highly expressed on cancer cells [194]. Ligation between CD47 on cancer cells and
negative regulatory protein SIRP-α present on myeloid cells in the tumour microenvironment
has an enormous positive impact on immune evasion by malignant cells [194, 253, 260].
CD47- SIRP-α ligation has been implicated in cancer immune evasion as this pathway
negatively regulates tyrosine kinase-mediated signalling processes in innate immune cells
resulting in inhibition of phagocytosis as well as the arrest of DCs in an immature state [272].
Disruption of this interaction by downregulating CD47 expression on melanoma cells could
potentially lead to improved phagocytosis of mutated and altered cells by macrophage or
other phagocytic cells.
This work strongly suggests that VAQ/ML actively recruits eosinophils to the tumour site by
upregulating CD11b. Upregulation of activation marker CD69, downregulation of inhibitory
SIRP-α and release of MBP by eosinophils was also observed in this study, further suggesting
VAQ/ML activates eosinophils. VAQ/ML mediated eosinophilia is well documented [84, 85,
289] but whether recruited eosinophils degranulate at the tumour site is unclear. This data
provide for the very first time an insight into VAQ/ML mediated mechanism of MBP release,
which might be linked to downregulation of SIRP-α expression on eosinophils.
CD47-SIRP-α interaction is crucial for cancer immune evasion, the novel finding that
VAQ/ML downregulates SIRP-α expression on eosinophils, has important implications for
cancer immune editing. On the basis of this data, it is proposed that in the ‘solid tumour’
microenvironment, increased CD47 expression on the cancer cells changes the activation
status of eosinophils by ligation with SIRP-α leading to increased eosinophil survival and
inhibition of degranulation – an explanation for the scenario that is seen in many solid
tumours which give eosinophils a ‘bystander role’. Another implication of VAQ/ML induced
reduction of SIRP-α expression on eosinophils is that VAQ/ML might also reduce the SIRP-α
present on other myeloid cells at the injection site thereby potentially changing the negative
homeostatic environment that is present in the tumour microenvironment.
Decreased melanoma growth in high eosinophil producing C57/BL6-IL5+/+ mice with
increased MBP within the tumour compared to the C57/BL6 mice also highlights the fact that
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eosinophils can attenuate melanoma growth based on their degranulating or activation status.
However, given that immune cells are multifunctional and respond differently depending on
signals and communication with other immune cells, the final outcome will depend on the
balance of all factors and pathways operating at the microenvironment. Data from this study
does indicate that eosinophils have a tumour protective role, but more research is needed to
dissect the anti-cancer properties of eosinophils.
Although in-vitro results of this study indicate a positive linear efficacy of VAQ/ML
treatment against cancer cells, results of the in-vivo air pouch studies in C57/BL6 mice
suggests outcome with VAQ/ML treatment is multifactorial and may also depend on its effect
on the tumour infiltrating immune cells. Attenuation of melanoma growth in the presence of
activated eosinophils in C57/BL6-IL5+/+ mice with the paradoxical increase in response to
VAQ also support the hypothesis that killing of immune competent cells at the tumour
microenvironment may overcome the tumour protective role of VAQ/ML.
A summative finding with possible hypotheses of direct and eosinophil-mediated antitumor
effects of VAQ/ML on melanoma is depicted in Fig 7.1.
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Figure 7.1 Possible Role of VAQ/ML on Melanoma and Eosinophils

A

B

Fig 7.1: A diagrammatic depiction of molecular events at melanoma microenvironment with the possible role of
VAQ/ML. A: Tumour protein (TP) or Melanoma Protein (MP) secreted from melanoma recruit eosinophils to
the tumour microenvironment. CD47-SIRP-α ligation between melanoma cells and eosinophils could lead to 1)
increased eosinophil survival, 2) decreased degranulation; increased survival of eosinophils in the presence of
continuous eosinophil recruitment would lead to eosinophilia and so-called ‘bystander’ role; 3) decreased
apoptosis and 4) decreased phagocytosis – resulting in tumour promotion. B: VAQ/ML could potentially lead to
reduced tumour growth directly by inducing 1) apoptosis through modulating key proteins and enzymes
involved in apoptosis and by down-regulating CD47 and by 2) enhancing phagocytosis through down-regulation
of CD47 on tumour cells and indirectly through downregulation of SIRP-α on myeloid cells; VAQ/ML induced
downregulation of eosinophil SIRP-α would lead to 3) decreased eosinophil survival and 4) increased MBP
release from eosinophils which could result in cytolysis and apoptosis of tumour cells.
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As with any study of the therapeutic effects of medicinal plants, there were a number of
limitations. As biologically active ingredients vary from batch to batch in natural products,
the concentration of ML in the two batches of VAQ used in this study was different. To
standardise the concentrations used during different experiments, VAQ concentration was
kept constant across the experiments and the equivalent concentration of ML for a particular
concentration of VAQ was used. ML used in this study was the premarket form of purified
ML, as supplied by the donor agency Abnoba, which may differ from the finished product.
Mistletoe extract is also known to degrade on storage; any loss in active ingredients from
dispatch to the end of study could not be tested for due to logistic limitations and the
concentration communicated by the donor agency was considered valid. Different doses of
VAQ and ML were tested in different sets of animal experiments as it was not possible to get
a large number of age and sex-matched mice at one-time point. Some of the in-vivo and invitro studies with eosinophils could not be repeated three times due to the recommendation of
animal ethics to reduce requirements of animals for experiments. The metastatic melanoma
model was not studied further as repeated IV VAQ administration was associated with local
scarring and fibrosis of tail vein. CD47 and SIRP-α expression could not be validated in-vivo
due to lack of appropriate immunological research tools.
Results of this study add to the existing knowledge on VAQ/ML mediated anti-tumour
effects, and importantly, open new avenues for further research. It would be interesting to
investigate if VAQ/ML reduces CD47 expression on other cell lines as VAQ/ML’s efficacy
is cell-line dependent. The novel finding that VAQ/ML reduces CD47 expression on B16F1
melanoma cells in-vitro also has important therapeutic implications, as targeting the CD47SIRP-α pathway is an important mode of anti-cancer therapy. Further in-vitro and in-vivo
studies are required to investigate the molecular mechanisms involved in VAQ/ML mediated
downregulation of CD47 on the cancer cells. Randomised control studies in mice are also
needed to study the effects of VAQ/ML on CD47 expression by tumour cells in-vivo. Going
forward it will be interesting to see if high CD47 expression on cancer cells alters eosinophil
activation in solid tumours by SIRP-α ligation as there is no existing data in this context.
Another crucial future direction is to investigate the effects of VAQ/ML on SIRP-α
expression on other innate immune cells. Paradoxical increase in tumour growth with higher
concentration of VAQ indicates the importance of dose optimisation for VAQ/ML therapy
and further study with a wider range of doses with a smaller interval is required. Results from
the present study suggest significant potential of VAQ/ML as an anticancer agent, whose
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efficacy at high doses is limited by its toxic effects on immune cells. As this study illustrates,
VAQ/ML could potentially change the health and activation status of the infiltrating immune
cells depending on concentrations at the tumour microenvironment, hence dose optimisation
is required to understand the full context of its benefit in cancer.
Melanoma growth attenuation in C57/BL6-IL5+/+ mice with MBP deposition in the tumour
core underpins the importance of eosinophils as an anti-tumour immune cell. This requires
further research on characterising the pathways involved.
reduction in C57/BL6-IL5

+/+

In this study, melanoma growth

mice was associated with concurrently high lymphocytes and

mast cell counts in addition to eosinophils within the tumour. The role of these lymphocytes
and mast cells in C57/BL6-IL5+/+ mice is unknown. As these lymphocytes can change the
immune status of tumour microenvironment by secreting antibodies and cytokines, their role
needs to be evaluated.

Like eosinophils, mast cells are also primarily considered pro-

tumorigenic immune cells, but in this study, the presence of mast cells was associated with
reduced melanoma growth in C57/BL6-IL5+/+ mice in-vivo, finding that also needs further
investigation.
In conclusion, the results of this study suggest that mistletoe extracts have the ability to
reduce tumour growth and improve survival through complex, multifaceted mechanisms
including direct cytotoxicity as well as the promotion of apoptosis and phagocytosis. Data
also suggest that eosinophils are capable of exerting antitumour responses and VAQ and ML
may improve immune surveillance by eosinophils by reducing the inhibitory signalling
pathway response through downregulation of CD47 and SIRP-α expression and consequent
degranulation.
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9.0 Appendices
Appendix 1: Preparation of VAQ extracts (Information provided by the Abnoba)

Preparation of VAQ extract: Leaves and fruit/seeds from oak trees are harvested during
winter and summer combined. The plant materials are stored immediately in liquid nitrogen
after harvesting. Extracts are prepared using a specially built press (yield 211 approx.. 75% of
plant weight) using phosphate ascorbate buffer. Winter and summer juices are combined
using a proprietary streaming process. Ampoulation includes argon as a protective gas.
Preparation of Lectin: lectin was isolated by affinity chromatography using lactosylsepharose as the ligand.
Quality control: Purity was checked by HPLC for the presence of viscotoxin and flavonoids.
Lectin content: 8% deviation over the lifetime of the product (3 years). Other bioactive
components are monitored, such as viscotoxin and flavonoids by HPLC.
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Appendix 2: Purity of Mistletoe Extract by HPLC (Information Porvided by the
Abnoba)

1

2

Fig 9.1. Chrmatograpgh of HPLC (1&2) for mistletoe extract for checking purity and
consitituents
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Appendix 3: Sorensons Buffer
Solution A was prepared by dissolving 3.12 g (0.2 M) Sodium Dihydrogen
Orthophosphate (MW 156) in 100ml distilled water.
Solution B was prepared by dissolving 2.83g (0.2M) Disodium Hydrogen Orthophosphate
(MW 142) in 100 ml distilled water. Sorensons buffer was prepared by mixing 25.5ml
solution A with 24.5 ml solution B and than adding 50ml of distilled water.
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Appendix 4: Rate of Subcuteneous Melanoma Growth in B16F1 Mice

Fig 9.2: Subcutaneous melanoma was established in C57/BL6 mice as described in 3.2.3.
Tumour size was measured on alternate day and mean tumour volume (± SEM) in mm3
was calculated as described in section 2.5.5.1. Figure showing rate of tumour growth in
response to different doses of VAQ and ML.
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Appendix 5: Tumour growth rate in C57/BL6 mice in resposne to VAQ/ML during
survival analysis

Fig 9.3: Subcutaneous melanoma was established in C57/BL6 mice as described in 3.2.3
for survival analysis. Tumour size was measured on alternate day until the end point for
experiment and mean tumour volume in mm3 was calculated as described in section
2.5.5.1. Figure showing rate of tumour growth (size of tumour in mm3 (± SEM) versus
time in days) in response to different doses of VAQ and ML.
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Appendix 6: Tumour Volume at the End of Survival Analysis

Fig 9.4: Subcutaneous melanoma was established in C57/BL6 mice as described in 3.2.3
for survival analysis. Mice were treated with different concentrations of VAQ and ML
and tumour size was measured on alternate day until the end point for experiment and
mean tumour volume in mm3 was calculated as described in section 2.5.5.1. Column
diagram showing mean tumour volume in mm3 (± SEM) at the end of survival analysis.
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Appendix 7: Apoptosis with Different Concentrations of VAQ and ML after 48 Hrs.
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Fig 9.5: Column diagram showing mean (±SD) percent of apoptotic B16F1 cells after 48
Hrs. incubation with VAQ (250 and 500µg/mL)and ML(120 and 240ng/mL). After 48
Hrs. difference in the mean percent apoptotic cells between VAQ 250 and 500µg/mL was
statistically insignifact. Similar trend was observed with ML(120 and 240ng/mL). Data
was analysed by GraphPad Prism 6 using One-way ANOVA and Tukey’s multiple
comparisons. p<0.05 was considered statistically significant
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Appendix 8 :Effects of Same Concentrations of VAQ on MCA1 and B16F1 Cell
Lines

Fig 9.6: MCA1 were cultured in the presence of VAQ for 36 Hrs. Cell proliferations were
measured by H3- thymidine incorporation. Percent inhibiton of cell proliferation was
calculated as described in 4.2.3. Percent inhibitions of B16F1 and MCA1 cell proliferation
with same concentrations of VAQ were compared. Data was analysed with GraphPad Prism 6
using Two-way ANOVA and multiple T test. p<0.05 was taken as statistically significant.
Mean percent (±SD) inhibition in response VAQ is shown.
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Appendix 9: Apoptotsis and Necrosis Results Generated by TALI Imaged Based
Cytometer

A

D

B

E

C

F

Fig 9.7: An example of typical report generated by TALI imaged based cytometer used in this
study to evaluate apoptosis and necrosis of eosinophils. Tali generates average results
(percent of cells, total cells, cell concentrations) of thirteen fields depending on three
parameters; green and red fluorescence signalling and cell sizes A: The screen to visualise
cell health, B: 13 fields that were counted, C: FITC Gate, D: Results, E: Gating for cell size
F: PI Gate
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Appendix 10: Analysis of Splenocytes in the ‘Granulocyte Gate’ in FSC-SSC Scatters
for Eosinophils

A

B

C

Fig 9.8: FACS densitometry plots of splenocytes from melanoma bearing C57/BL 6 mice. A:
Gating for granulocytes, based on high SSC in FSC-SSC plot. B. CD69-PE positive cell
percent in the granulocytes gate in control and VAQ treated C57/BL6 mice. C. more than 90
percent cells in the granulocytes gate also exhibited characteristic of eosinophil on FACS i.e.
high SSC and CCR3 positivity.
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Appendix 11: Apoptosis/Necrosis/Phagocytosis in the Tumour Microenvironment in
VAQ Treated Mice

A

B

C

D

Fig 9.9: Example pictures of apoptosis and phagocytosis within tumour in response to VAQ treatment
(arrow head = apoptosis; circle = phagocytosis). H&E stained histology slides prepared from
subcutaneous melanoma tumour of C57/BL6 control and VAQ treated mice were examined for
apoptosis and phagocytosis. A) Relative lack of apoptosis and phagocytosis in the tumour in control
mice; B, C, D) Apoptosis, necrosis and phagocytosis in tumour in 50µg VAQ treated mice; Slides
were visualized with Leica DM 1000 LED (X100) and images were acquired with LAS V 3.6.
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Appendix 12: Tumour Reduction in the VAQ Treated C57/BL6 Mice were associated
with High Number of MBP Positive Cells in the Stroma at the Tumour Periphery

Fig 9:10: IHC stained subcutaneous melanoma slides from C57/BL6 (Control and VAQ treated) mice were
examined for cells (other than eosinophils) which stained for MBP in the fibrous stroma at the tumour
periphery. Representative pictures show MBP positive (Red stained) stromal cells at the tumour periphery.
Upper row: Control C57/BL6 mice; Lower row: VAQ50µg treated C57/BL6 mice. Slides were examined by
Leica DM 1000 LED and MBP + ve cells were counted in 5 random fields (X100) and pictures were acquired
with LAS V 3.6. Arrow: example MBP positive cell.
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