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Background and aim: Although, the anticancer potential of Aqueous Azadirachta indica leaf extract
(AAILE) has been robustly established against cutaneous squamous cell carcinoma (SCC) in mice, how-
ever, its ability in modulating tumor associated extra cellular matrix (ECM) is largely unknown. There-
fore, the present study was conceived to explore changes in ECM during murine skin cancer and its
chemoprevention by AAILE.
Experimental procedure: Skin tumors were induced using a two-stage model of carcinogenesis employing
topical application of 7,12-Dimethylbenz(a)anthracene (DMBA) and 12-O-tetradecanoyl phorbol-13-
acetate (TPA) as carcinogen and promoter respectively. AAILE was administered orally to the animals.
Male Laca mice were divided into four groups: control, AAILE, DMBA/TPA and AAILE þ DMBA/TPA.
Results: The tumors obtained in DMBA/TPA and AAILE þ DMBA/TPA groups were histologically identified
as SCC. Tumor induction in these groups was accompanied by raised serum carcinoembryonic antigen
(CEA) levels when compared to control counterparts. Assessment of hydroxyproline levels and histo-
chemical staining with sirius red and trichrome stain revealed an increase in collagen in tumors of
DMBA/TPA group. An increase in glycosaminoglycans (GAGs) levels was also observed in DMBA/TPA
group as made evident by biochemical studies and histochemical staining using mucicarmine and alcian
blue-periodic acid schiff’s stain. Administration of AAILE to DMBA/TPA treated animals caused a decrease
in collagen and GAG levels along with a decrease in serum CEA levels.
Conclusion: Skin tumors exhibited altered presence of ECM components which is indicative of a modified
ECM. AAILE administration antagonised tumor associated ECM alterations which may be contributing to
its chemopreventive activity as reported previously.
© 2020 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The extra cellular matrix (ECM) is ubiquitously present within
all tissues and organs and serves the crucial function of providing
physical scaffolding for the cells. It is responsible for attributing
tensile and compressive strength and elasticity to each organ. Cell
adhesion to the ECM is mediated by ECM receptors which is
responsible for morphological organization and other cellular
e; TPA, 12-O-tetradecanoyl
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functions like signal transduction and regulation of gene expres-
sion. ECM is also involved in tissue morphogenesis, differentiation
and homeostasis.1,2 Apart from the cellular changes like dysregu-
lated proliferation, evasion of apoptosis etc, the loss of ECM control
is a striking feature in tumorigenesis. The process of tumor cell
invasion into the surrounding stromal tissue and at sites far from
the primary site, involve interactions between the tumor cells and
ECM. The dysregulated and abnormal ECM during cancer produces
biochemical and biomechanical changes which forms an environ-
ment conducive for cancer progression.3,4 The changes in ECM
homeostasis occur due the imbalance between synthesis and
degradation of ECM components along with their altered organi-
sation.5 Aberrant remodelling of ECM promotes cellular prolifera-
tion, tumor associated angiogenesis and inflammation, deregulates
behaviour of stromal cells etc, thereby creating a tumorigenic
environment.3,6,7 Studies have suggested that antagonising cancer
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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associated ECM modifications could play an important role in
anticancer strategies.8

Non-melanoma skin cancer (NMSC) is the most common type of
cancer worldwide and its incidence is persistently growing.9,10

Squamous Cell Carcinoma (SCC) and Basal Cell Carcinoma (BCC)
are the most common forms of NMSC. SCC is a cancer of the
epidermal keratinocytes and starts in the upper squamous cells of
the skin epidermis whereas, BCC is a cancer of the basal cells of the
skin epidermis. The morbidity and mortality due to NMSC is
attributable maximum to SCC because it has a greater potential to
recur and metastasize to regional lymph nodes.11 ECM alterations
including increased synthesis and breakdown of matrix compo-
nents (fibrous proteins and proteoglycans) has been reported dur-
ing SCC in humans.12,13 The expression and activity of matrix
metalloproteinases (MMPs) and their inhibitors have been studied
as prognostic indicators during skin cancer.12 The altered expres-
sion of ECM receptors during SCC induction inmice has been linked
to the appearance of early markers of tumor progression.14 Carci-
noembryonic antigen (CEA) is a highly glycosylated macromolecule
which is commonly used for cancer screening and diagnosis in
clinical practice. SCC patients exhibited high serum levels and
immunopositivity in tumors for CEA.15,16 Being a tumor marker,
assessment of CEA levels is also done to monitor the results of
treatment in clinical settings or during studies evaluating putative
chemopreventive agents.17,18

Azadirachta indica A. Juss (Melia Azadirachta) commonly known
as ‘Neem’ is well known in India and the neighbouring countries for
more than 2000 years. Neem has immense medicinal value and is
extensively used in ayurveda, unani and homeopathic medicine.
The chemopreventive potential of Azadirachta indica leaf extract
has been studied in several animal models of carcinogenesis
including skin, forestomach, liver etc. Reports from our laboratory
and those of several others have demonstrated that its anti-
oncogenic activity is evident from its modulatory effects on
carcinogen metabolism, oxidant-anti-oxidant defense system, cell
proliferation, DNA damage, cell death, angiogenesis etc.19e27

However, little is known about the potential of Azadirachta indica
to modulate ECM changes accompanying cancer development.
There are reports that have demonstrated that compounds isolated
from this plant modulated the expression of matrix modifying
enzymes including MMPs in cancer cell lines28,29,30; Azadirachta
indica contains multiple active compounds that work simulta-
neously via different mechanisms lending support to the observed
anti-cancer effects in various models of cancer.

Even though the anticancer potential of Aqueous Azadirachta
indica leaf extract (AAILE) has been robustly established against SCC
of skin, its ability in modulating the ECM changes in SCC is un-
known. Invasion and metastatic dissemination of cancer cells
require ECM remodelling of the primary sites and future sites of
metastasis (pre-metastatic sites).5 Thus, unraveling the ability of
Azadirachta indica in antagonizing matrix alterations could
strengthen its use as an anti-metastatic agent. Considering this, the
present study was designed to study changes occurring in ECM
during skin carcinogenesis and its chemoprevention by AAILE.

2. Methodology

2.1. Chemicals

7, 12 di-methylbenz(a)anthracene (DMBA); phorbol 12-
myristate 13-acetate (TPA), biebrich scarlet (Ponceau BS), sirius
red, chloramine-T hydrate, p-dimethylaminobenzaldehyde, dime-
thylmethylene blue (DMMB) were obtained from Sigma Chemical
Co. (St Louis, MO, USA). Aniline blue, acid fuschin, phosphotungstic
acid, phosphomolybdic acid were procured from Central Drug
House (India). Hydroxy-L-proline was obtained from Himedia (In-
dia). Other chemicals used for reagent preparation were obtained
from reputed Indian manufacturers (Sisco Research Laboratory,
Central Drug House, SD Fine Chemicals, India) and were of highest
purity/analytical grade. ELISA kit for the estimation of serum car-
cinoembryonic antigen level was obtained from Qayee-Bio
(Shanghai, China).

2.2. Preparation of aqueous Azadirachta indica leaf extract (AAILE)

Aqueous extract of Azadirachta indica leaves was prepared in our
laboratory according to the method described previously.24 Fresh
Azadirachta indica leaves were obtained from botanical garden of
Panjab University, Chandigarh (India). The leaves were rinsed with
water, dried and macerated in a grinder with water. This mixture
was subjected to centrifugation at 2500�g for 10 min. The super-
natant (containing water soluble components) was lyophilized to
obtain a fine powder which was stored in a dark container at 4 �C
for further use. The powder extract so obtained (AAILE) was
reconstituted in distilled water immediately before its oral
administration to the animals. Tannins, flavonoids, carbohydrates,
polysaccharides and proteins were observed to be present in this
extract as revealed by the phytochemical screening assays.26 2-
‘azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) and 1,1-
Dipphenyl-2-picrylhydrazyl (DPPH) radical scavenging assays
demonstrated concentration dependent free radical scavenging
activity of this extract.31

2.3. Two stage model for skin tumor induction in mice

The experimental protocols involving animals were approved by
the Institutional Ethics Committee and conducted according to
Indian National Science Academy Guidelines. For this study, male
LACA mice were procured from Central Animal House, Panjab
University, Chandigarh. The animals were housed in polypropylene
cages bedded with rice husk and had free access to clean drinking
water and pellet diet (Ashirwad Industries Ltd, Rupnagar, Punjab).
Mice were kept in well aerated conditions and a constant room
temperature was maintained throughout the treatment period.

The animals were segregated into four groups (n ¼ 10, each
group) on the basis of treatment they received. Mice of group I
served as control [C] and did not receive any specific treatment
other than application of acetone (100 ml) [vehicle treatment].
Group II [A] animals were administered with AAILE (300 mg/kg
b.w.; p.o.) for twenty-two weeks on alternate days. Group III [D]
animals received a topical application of DMBA (500nmol/100 ml of
acetone) for two weeks (twice weekly) followed by TPA (1.7nmol/
100 ml of acetone) twice weekly for eighteen weeks on the shaved
dorsal skin. Group IV [AD] animals received DMBA/TPA treatment
as described for group III and were administered with AAILE as
described for group II. DMBA treatment was started after two
weeks of AAILE treatment. The dose for AAILE was selected based
on our previous published reports23-27

2.4. Histopathological analysis of skin/tumors using hematoxylin
and eosin staining

Hematoxylin and eosin staining was performed on paraffin
embedded tissue sections32 to ascertain the type of skin tumor
formed. After completion of the treatment period (i.e. after 22
weeks of treatment) skin/skin tumors were excised and immedi-
ately transferred to neutral formalin. After 3e4 h of fixation, a cut
was given to allow easier penetration of the fixative and the fixa-
tion process was continued for 12 h. Next, the tissue was dehy-
drated gradually in ascending series of ethanol for 1 h each. For
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embedding, the dehydrated samples were placed in benzene
(30 min), then sequentially in 1:1 benzene: paraffin wax, melting
point 58e60 �C (1 h) and two changes of 3 h each in pure melted
wax before finally embedding in paraffin wax. 5 mm thick sections
were obtained using a manual hand driven microtome and trans-
ferred to albumin coated glass slides. The paraffin embedded tissue
sections were dewaxed in xylene, rehydrated using descending
series of alcohol, stained with hematoxylin, dehydrated using
ascending series of alcohol and then stainedwith eosin. The stained
slides were then cleared in xylene and mounted with distyrene
plasticizer xylene (DPX). The sections were then viewed under light
microscope (LEICA DM 3000).

2.5. Assessment of serum carcinoembryonic antigen (CEA) levels

Serum levels of CEA were assessed using the Qayee-Bio mouse
CEA ELISA kit. The protocol was performed as per the kit manu-
facturer’s instructions. The kit was based on a double-antibody
sandwich ELISA method using horseradish peroxidase labelled
detection method. The CEA levels in the samples were estimated
from the standard curve that was plotted using the serial dilutions
of the standard provided in the kit.

2.6. Analysis of collagen using histochemical stains: sirius red
staining and Masson’s trichrome staining

The paraffin embedded tissue sections were used for the specific
staining procedures for collagen. Collagen staining using sirius red
stain was performed on skin/tumors following the method
described earlier.33,34 Sirius red is used to determine the extent of
total collagen in tissues and also differentiate between varying
collagen types. Sirius red being an anionic dye binds to all forms of
collagen. The basic amino groups of lysine and hydroxylysine and
guanidine group of arginine in the collagen molecule reacts with
the sulphonic groups of sirius red stain. When visualised using
bright field microscopy collagen appears as bright pink to red
bundles and the cells (nuclei) exhibit shades of brown.35 Briefly, the
tissue sections were dewaxed in xylene, hydrated using descending
series of ethanol followed by a dip in distilled water. The sections
were immersed in hematoxylin for half an hour, followed by a dip in
running water and then immersed in ammonia solution for 10 s.
The sections were then stained with picrosirius stain (sirius red
stain prepared in picric acid solution) for 1 h, followed by a dip in
acid water for 2 s and were then subjected to ascending series of
ethanol. After that, tissues were cleared in xylene and mounted
with DPX. The stained sections were then viewed using light mi-
croscope (LEICA DM 3000).

Collagen staining using Masson’s trichome stain was performed
on skin/tumors following the method described earlier.32,36 Mas-
son’s trichrome stain is composed of the following dyes: Weigert’s
hematoxylin, aniline blue, biebrich scarlet and acid fuschin.
Following this staining procedure, cell nuclei appear bluish-black
(as stained by hematoxylin), collagen and keratin appear as blue
(as stained by aniline blue) and red respectively. The tissue sections
were dewaxed by immersing the slides in xylene and gradually
rehydrated by using descending series of ethanol followed by a dip
in distilled water. The slides were then dipped in iron alum for
5 min at 50 �C. Following this, the slides were washed in tap water
for 5 min. To differentiate nuclei, slides were immersed in modified
Weigert’s hematoxylin for 15 min and after that washed in tap
water for 10 min and distilled water for 1 min. This was followed by
staining with biebrich scarlet-acid fuschin for 1 min and a dip in
distilled water. Next, slides were treated with phosphomolybdic-
phosphotungstic acid solution for 30 min and immediately
stained with aniline blue solution for 10 min in order to stain
fibroblast and collagen. After this, slides were rinsed in distilled
water and differentiated with 1% acetic acid solution for 4 min.
Following this, the slides were dehydrated quickly, cleared in
xylene and then mounted in DPX. The stained sections were then
viewed using light microscope (LEICA DM 3000).

2.7. Assessment of collagen levels using hydroxyproline assay

A colorimetric hydroxyproline assay was used to quantify
collagen in skin tissues/tumors obtained after 22 weeks of treat-
ment. This method is based on the oxidation of hydroxyproline
with chloramine-T which when reacted with p-dimethylamino-
benzaldehyde develops red colour.37 The tissues were homoge-
nized with water and treated with trichloro acetic acid for protein
precipitation. The samples were then hydrolysed overnight with
6 N HCl at 110 �C. The hydrolysate was then diluted in citrate-
acetate buffer, reacted with chloramine-T solution at room tem-
perature for 20 min. This was followed by incubationwith Ehrlich’s
solution for 15 min at 60 �C. The red colour developed was read
spectrophotometrically at 550 nm. A standard curve using trans-4-
hydroxy-L proline was included in each assay. The results were
expressed as microgram of hydroxyproline/100 mg tissue equiva-
lent. The collagen content was evaluated based on the fact that the
weight fraction of hydroxyproline in collagen is about 13%.38,39 A
factor of 7.46 was used to convert hydroxyproline values into total
collagen values.40

2.8. Determination of total sulphated glycosaminoglycans (GAGs)
using dimethyl methylene blue (DMMB) complexation assay

A colorimetric assay was used to quantify sulphated GAGs in
skin tissues/tumors obtained after 22 weeks of treatment. Tissues
were digested overnight with 50 mg/ml proteinase K solution at
56 �C. Following the overnight incubation, proteinase K was inac-
tivated by heating the sample tubes at 90 �C for 10 min. The
digested tissue was used for sulphated GAG quantification using
DMMB solution. The absorbance of the coloured complex formed
by the GAG-DMMB complexation was measured at 520 nm and
sulphated GAG quantities were determined by comparison with a
calibration curve of chondroitin sulphate solution used as
standard.41,42

2.9. Analysis of mucopolysaccharides using histochemical stains:
Meyer’s mucicarmine staining and alcian blue-periodic acid Schiff’s
staining

The paraffin embedded tissue sections were used for the specific
staining procedures for mucopolysaccharides. Meyer’s muci-
carmine stain and alcian blue stain is used to demonstrate acidic
polysaccharides. PAS stain is used for histochemical detection of
neutral mucopolysaccharides.43,44

The tissue sections were dewaxed in xylene and hydrated
through descending series of ethanol followed by a dip in distilled
water. This was followed by immersing the tissue slides in alcian
blue stain for 30 min, running water (2 min) and a rinse in distilled
water. Then the sections were subjected to treatment with periodic
acid for 5 min, washed in distilled water, followed by staining with
Schiff’s reagent for 10 min and a wash in running water. The sec-
tions were then dehydrated with ascending series of ethanol,
cleared in xylene andmountedwith DPX. The stained sections were
then viewed using light microscope (Leica Microsystem-DM 3000,
Leica Microsystem, Wetzlar, Germany).

For mucicarmine staining, the tissue sections were dewaxed in
xylene and hydrated through descending series of ethanol followed
by a dip in distilled water. This was followed by immersing the
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tissue slides in Meyer’s hematoxylin for 2 min, running water
(2 min) and a rinse in distilled water. The sections were dipped in
acid water for 10 s and washed in running tap water. The sections
were then stainedwithmucicarmine for 50min followed by awash
in distilled water. Dehydration was then proceeded with ascending
series of ethanol, followed by clearing in xylene andmounting with
DPX. The stained sections were then viewed using light microscope
(Leica Microsystem-DM 3000, Leica Microsystem, Wetzlar,
Germany).

2.10. Statistical analysis

For the assessment of different parameters, animals were
randomly picked for analysis of carcinoembryonic antigen levels
(n¼ 3), hydroxyproline, collagen and total GAG levels (n¼ 4e6). All
the observations were taken into account for the data analysis. Data
is expressed as mean ± SD and analysed by one-way ANOVA fol-
lowed by Bonferroni’s post hoc test using the SPSS software
(version 14.0). P � 0.05 was considered as statistically significant.

3. Results

3.1. Skin tumor induction using two stage model-macroscopic
appearance and histopathological evaluation

The application of DMBA/TPA to the depilated skin of mouse
resulted in the formation of skin tumors (as exophytic growths) in
DMBA/TPA and AAILE þ DMBA/TPA groups, whereas, none of the
mice from control and AAILE groups developed any tumors (Fig. 1).
H&E staining revealed that skin from control and AAILE groups
revealed uniformly arranged epidermal and dermal layers along
with subcutaneous tissue. Microscopically visible inflammation
Fig. 1. Macroscopic view of skin tumors induced using two stage model of carci-
nogenesis. Tumors appear as exophytic growths.
was observed in the epidermis of skin from AAILE group. The tu-
mors obtained in DMBA/TPA and AAILE þ DMBA/TPA groups
exhibited characteristic features of squamous cell carcinoma
(SCC).23,24,44e48 Hyperkeratosis (i.e. increased keratin formation),
abnormally thickened and corrugated epidermis (infolds of
epidermis) as a result of cellular hyperproliferation was prominent
in tumors of DMBA/TPA group. Whorled squamous eddies
(encapsulated by keratin) and extensive infiltration of cells into the
dermis was also seen in these tumors. Hyperproliferative epidermis
with abnormal thickening and corrugation was also observed in
tumors of AAILE þ DMBA/TPA group. However, the extent of
hyperproliferation and hyperkeratinisation in tumors of this group
was visibly less when compared to the carcinogen control (Fig. 2).

3.2. Modulation of CEA levels during skin tumorigenesis and its
chemoprevention by AAILE

The serum CEA levels were observed to be significantly
increased in DMBA/TPA and AAILE þ DMBA/TPA groups when
compared to control (p � 0.05; p � 0.05) and AAILE groups
(p � 0.05). AAILE administration to DMBA/TPA treated animals
decreased the serum CEA levels when compared to DMBA/TPA
group (p � 0.05) and increased the levels when compared to con-
trol (p � 0.05) group. No significant difference was observed in the
CEA levels of control and AAILE groups (Fig. 3).

3.3. Effect of AAILE mediated chemoprevention on collagen during
skin tumorigenesis

Using bright field microscopy after staining with picrosirius,
collagen appeared as bright pink bundles and nuclei exhibited
shades of brown to light pinkish. Skin tissues of control and AAILE
groups revealed abundant presence of collagen in dermis and its
absence in epidermis. The histological presence of collagen depo-
sition in tumors from DMBA/TPA and AAILE þ DMBA/TPA groups
was quite different from the skin tissue sections. Consistent with
the histo-architectural alterations there was no regular pattern of
collagen presence (haphazard presence) as opposed to its layer
specific presence in skin of control and AAILE groups. Excessive
collagen deposition was observed around island of epidermal cells
(transformed cells invading haphazardly) in tumors of DMBA/TPA
group. However, visibly less collagen staining (low deposition) was
observed in tumors of AAILE þ DMBA/TPA group when compared
to DMBA/TPA group (Fig. 4).

Collagen was visualised as blue bundles, cell nuclei as blackish
blue and keratin as red using the trichrome stain. Skin sections
from control and AAILE groups revealed regularly arranged
collagen fibers in the dermis, which were absent in the epidermis
indicating the prominent presence of collagen in the dermal layer.
Masson’s trichrome staining also revealed that therewas no regular
arrangement of collagen deposition in tumors from DMBA/TPA and
AAILE þ DMBA/TPA groups and also that collagen was present
haphazardly throughout the tumor (around the tumor cells).
However, the extent of collagen deposition was markedly different
in the tumors from both the tumor bearing groups. The amount of
collagen deposition varied in its site of histological presence as seen
in the tumor sections of DMBA/TPA and AAILEþ DMBA/TPA groups.
Variation in the intensity of blue colour indicated that the amount
of collagen deposition differed in the tumors (intra group and inter
group). Although, tumors from both the groups exhibited regions of
high collagen deposition, however, overall, relatively less collagen
was observed in the tumors of AAILE þ DMBA/TPA group when
compared to tumors of DMBA/TPA group (Fig. 5).

DMBA/TPA group was observed to have a higher content of
hydroxyproline when compared to control (p � 0.05) and AAILE



Fig. 2. Hematoxylin and Eosin stained sections of skin tumors. [e-epidermis, d-dermis, sc-subcutaneous tissue, ie-inflammation in epidermis (as evident by increase in
thickness), he-hyperproliferative epidermis (hyper proliferation of epidermal cells; increase in number of hematoxylin stained nuclei), ce-corrugated epidermis (infoldings of
epidermis), hk-hyperkeratosis (increased keratin formation; appear as bright pink bundles, as indicated by solid arrows), se-squamous eddies (as indicated by dashed arrows), ic-
infiltrating cells].

Fig. 3. Serum CEA levels during skin tumorigenesis and its chemoprevention by
AAILE. Data is represented as Mean ± SD (n ¼ 3). Data is analysed by One-Way ANOVA
followed by post hoc test. ap �0.05 significant with respect to control group; bp � 0.05
significant with respect to AAILE group; cp � 0.05 significant with respect to DMBA/
TPA group.
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(p � 0.05) groups. AAILE administration to DMBA/TPA treated an-
imals decreased the levels of hydroxyproline when compared to
DMBA/TPA group (p� 0.05). No significant difference was observed
in the hydroxyproline content of control, AAILE and AAILEþDMBA/
TPA groups. Collagen content was evaluated considering theweight
of hydroxyproline in collagen and a similar trend was observed for
the collagen levels (Fig. 8a &b).
3.4. Effect of AAILE mediated chemoprevention on
mucopolysaccharides/GAGs during skin tumorigenesis

Mucicarmine and alcian blue primarily stain the acidic muco-
polysaccharides while periodic acid schiff’s stain specifically stains
the neutral polysaccharides. Sections of skin obtained from control
and AAILE groups revealed mild staining for acid and neutral
polysaccharides. Tumors from DMBA/TPA and AAILE þ DMBA/TPA
groups exhibited pronounced mucicarmine and AB-PAS staining
indicating increased presence of mucopolysaccharides. AB-PAS
staining revealed that tumors from DMBA/TPA group had regions
with excess presence of acidic and neutral polysaccharides when



Fig. 4. Picrosirius stained sections of skin/skin tumors. (e: epidermis; d: dermis; sc: subcutaneous tissue; cd: collagen deposition; tc: tumor cells; iec: island of epidermal tumor
cells; bundles of collagen fibers stained pinkish red with picrosirius stain as seen in dermis and nearly absent in epidermis of control and AAILE groups; bundles of collagen fibers
stained pinkish red with picrosirius stain are seen around tumor cells in DMBA/TPA and AAILE þ DMBA/TPA groups; collagen is deposited haphazardly in tumors as opposed to layer
specific presence in other groups, increased collagen deposition is seen in DMBA/TPA group as compared to AAILE þ DMBA/TPA group.
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Fig. 5. Masson’s Trichrome stained sections of skin/skin tumors. (e: epidermis; d: dermis; sc: subcutaneous tissue; k: keratin; nuclei stained blackish-blue; Collagen stained
blue; keratin stained pinkish red; cd: collagen deposition; *cd: excessive collagen deposition; tc: tumor cells; collagen seen in dermis and keratin seen in epidermis of control and
AAILE groups; haphazard presence of collagen and keratin observed in tumors of DMBA/TPA and AAILE þ DMBA/TPA groups; increased collagen deposition is seen in DMBA/TPA
group as compared to AAILE þ DMBA/TPA group; disorderly arrangement of tumorous tissues with excessive cell proliferation is also evident).
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compared to the skin sections of control and AAILE groups. How-
ever, relatively milder staining for acidic and neutral poly-
saccharides was observed in AAILE þ DMBA/TPA group when
compared to DMBA/TPA group (Figs. 6 and 7).

DMBA/TPA group was observed to have a higher content of total
sulphated GAGs when compared to control (p � 0.05) and AAILE
(p � 0.05) groups. AAILE administration to DMBA/TPA treated an-
imals decreased the levels of total sulphated GAGs when compared
to DMBA/TPA group (p � 0.05). No significant difference was
observed in the total sulphated GAG content of control, AAILE and
AAILE þ DMBA/TPA groups (Fig. 8c).

4. Discussion

The ECM is not just a supportive material to the overlying cells
rather it also plays a crucial role in providing spatial and temporal
information to the cells by way of its constituents. The dynamic
nature of ECM is exhibited by the remodelling that it undergoes
during embryonic development, organ morphogenesis, wound
healing, aging and several pathological conditions such as fibrosis,
Fig. 6. Mucicarmine stained sections of skin/skin tumors. [Hematoxylin is used as a counte
(e-epidermis, d-dermis, sc-subcutaneous tissue)
cancer etc.5 The two main classes of macromolecules constituting
the ECM include proteoglycans and fibrous proteins.49,50 Increased
deposition, altered organization, enhanced proteolytic activity of its
constituent proteins and proteoglycans are some of the changes
that occur in ECM during cancer.5 It has been observed that many of
these ECM changes have pro-carcinogenic implications.3,4

Amongst the fibrous proteins, collagen is the most abundant
protein and serves as one of the main structural elements of the
ECM, providing several functions including tensile strength, cell
adhesion, chemotaxis, migration, tissue development etc.51 Pro-
teoglycans are characterized by the presence of large and complex
carbohydrates attached to a protein core. The complex carbohy-
drates are referred generically as glycosaminoglycans (GAGs) or
mucopolysaccharides. Proteoglycans confer buffering, hydration,
binding and force-resistance properties to the ECM.

In this study, for the induction of skin tumors a two-stagemodel
employing DMBA as a carcinogen and TPA as a promoter was used.
After around eight weeks of DMBA/TPA treatment small lesions
(papillomas) began to appear which increased in size and number
as the treatment with the tumor promoter continued and by the
rstain] * areas with high acidic polysaccharides.



Fig. 7. AB-PAS stained sections of skin/skin tumors. (e-epidermis, d-dermis, sc-subcutaneous tissue* areas with high neutral polysaccharides [PAS stain]; ¥ areas with high acid
polysaccharides [AB stain]).
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end of twenty weeks of treatment with DMBA/TPA large tumors
histologically identified as squamous cell carcinoma (SCC) were
obtained in DMBA/TPA and AAILE þ DMBA/TPA groups. We have
extensively investigated the chemopreventive potential of AAILE
against SCC induction using this model.23e27,31 As previously re-
ported by us, AAILE administration to DMBA/TPA treated animals
caused reduction in tumor incidence, mean tumor volume and
mean tumor burden by 41.7%, 45.6% and 54.5% respectively. The
chemopreventive response of AAILE was also observed in terms of
total number of tumors obtained at the end of the treatment period
[32 in AAILEþ DMBA/TPA group and 85 in DMBA/TPA group].24 The
characteristic features of SCC including epidermal hyper-
proliferation and hyperkeratinisation, presence of keratin whorls/
keratin pearls, squamous eddies and infiltrating cells in the dermis
were observed and are in corroboration with other reports in lit-
erature.23,24,44e48 The microscopically visible inflammation in the
epidermis of AAILE group was not associated with any deleterious
effects since all the skin layers were visibly intact and seems to be a
non-specific response. The increase in epidermal thickness in AAILE
group was not associated with any increase in cell number as
determined by micrometry and cell count studies.27,31 This animal
model of carcinogenesis has beenwidely used by other researchers
as well to explore the potential of putative anticancer agents.52,53

Skin tumor induction in DMBA/TPA and AAILE þ DMBA/TPA
groups was accompanied by an increase in serum levels of CEA.
Raised levels of serum CEA and positive immunoreactivity for CEA
in tumors has been observed in patients suffering from SCC.15,16

Drastically increased production of interstitial collagens, and
several of their remodelling enzymes such as MMPs have been
frequently detected in tumors and could be linked to their prog-
nosis.54 Hypoxia in tumors induce angiogenesis and proliferation of
fibroblasts leading to excessive secretion of collagen. Also, tumor
cells can dedifferentiate into fibroblasts and secrete more
collagen.55 Enhanced collagen deposition causes increased ECM
stiffness which leads to up-regulation of integrin signalling and
promotion of cell survival and proliferation.56,57 As observed in the
present study, tumors from DMBA/TPA group exhibited several
areas of very intense staining for collagen interspersed with areas



Fig. 8. Modulation in hydroxyproline, collagen and total GAG levels during skin tumorigenesis and its chemoprevention by AAILE. Data is represented as Mean ± SD
(n ¼ 4e6). Data is analysed by One-Way ANOVA followed by post hoc test. ap �0.05 significant with respect to control group; bp � 0.05 significant with respect to AAILE group;
cp � 0.05 significant with respect to DMBA/TPA group.
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of relatively less collagen deposition. Assessment of the collagen
levels in tumors revealed a drastic increase in its levels in DMBA/
TPA group when compared to other groups. These enhanced
collagen levels decreased in the animals receiving AAILE treatment
along with DMBA/TPA. The enhanced collagen levels observed in
the tumors are in corroboration with previously reported studies
(3,58; Reports have demonstrated increased collagen deposition in
the ECM of cutaneous SCC in humans.13 Rho-associated signalling
has been known to upregulate collagen and proteoglycans in hu-
man SCC.13 Skin tumors induced by DMBA/croton oil exhibited an
increase in collagen levels which was reduced upon topical treat-
ment with gallic acid (a dietary anti-oxidant).59 A recent study from
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our laboratory has revealed that DMBA/TPA induced skin tumors in
mice exhibited intense staining for collagen, suggesting enhanced
production of collagen in skin tumors.44 Remodelling of ECM by
employing antifibrotic therapies is gaining attention for its anti-
cancer effects and could be effective in both cancer prevention and
therapy. Putative anti-cancer agents have been known to inhibit
cancer metastasis by their ability to reduce hydroxyproline/
collagen levels.60e63

Abnormal expression of GAGs and proteoglycans and/or their
enzymes involved in their synthesis and degradation have been
known to be involved in all stages of carcinogenesis.64 GAGs and
proteoglycans control cell proliferation by acting as modulators of
signal transduction. They do so by acting as co-receptors for various
growth factors including tyrosine kinase receptors.65 SulphatedGAGs
such as chondroitin sulphate, heparan sulphate, etc have been
implicated in cancer growth, progression and metastasis because of
their interaction with growth factors, growth factor receptors and
cytokines. They affect signalling cascades involved in angiogenesis,
invasion and metastasis of cancer.66e68 Heparan sulphate pro-
teoglycans act as pro-angiogenic factors in tumors by binding to
several growth factors and presenting them to their related
receptors.64,69

Studies have revealed that substantial amounts of mucopoly-
saccharides/GAGs are present in tumors70,71,44,72,73; Histopatho-
logical studies have revealed that desmoplastic areas in carcinomas
stain metachromatically with cationic dyes like alcian blue sug-
gesting the increased presence of GAGS (hence PGs) in tumors.74

Enhanced production of GAGs was evident in tumors of DMBA/
TPA group and this decreased with the administration of AAILE. The
increase in levels of total sulphated GAGs in tumors of DMBA/TPA
group is in corroboration with previous reports. Tumor associated
ECM has been observed to have a predominant presence of highly
sulphated GAGs.64,67 Desmoplasia in tumors is associated with
recurrence, metastasis and poor prognosis.75,76

Anti-cancer agents target not only the intracellular defects but
also modulate the tumor micro environment which comprises of
immune cells, fibroblasts, endothelial cells and ECM.55,77 A study
had demonstrated that neem leaf glycoprotein mediated anti-
cancer activity against murine sarcoma by normalisation of tumor
microenvironment.78 The expression of MMP 2/9 was abrogated in
cancer cell lines upon treatment with nimbolide, which is a tri-
terpenoid isolated from A.indica28,29). There are reports available in
literature indicating that quercetin (a widely present phytochem-
ical, also present in Azadirachta indica) has an ameliorative effect on
pulmonary fibrosis which was associated with a decrease in
collagen content.79e82

The pronounced and altered histological presence of collagen
and GAGs indicated modified ECM in skin tumors of DMBA/TPA
group. AAILE administration during skin tumor induction decreased
the levels and modulated the histological presence of these ECM
constituents indicating its ameliorative effect on dysregulated ECM.
The reports from the literature and currentobservations of the study
suggest that antagonising cancer induced ECM alterations may be
contributing to its chemopreventive activity as reported previously.
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