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Abstract: GC is associated with over expression of epidermal growth factor receptor (EGRF), Cyclooxygenase-2 (COX-
2) and 5-Lipoxygenase (5-LOX). We postulated that targeting these pathways will result in better treatment efficacy 
than using a single agent with higher dose which may cause toxicity and resistance. We evaluated Tepoxalin (TPX) 
a dual 5-LOX-COX inhibitor and Erlotinib (ERB) an EGFR inhibitor alone and combination in MGC-803 injected tumor 
xenografts mice. Female nude mice were selected and injected subcutaneously with MGC-803 GC cells and were 
grouped after the tumor model was formed. The treatment of TPX, ERB and their combination was given for 21 days. 
After treatment protocol proliferating index was measured, expression of apoptosis related proteins, 5-LOX, COX-2, 
EGFR, vascular endothelial growth factor-C (VEGF-C) and density of lymphatic vessel density was evaluated in tumor 
tissues. TUNEL assay was done for apoptosis. The outcomes of study revealed that TPX and ERB alone inhibited 
the growth of tumor but their combination showed a synergistic antitumor activity. TPX and ERB alone resulted in 
apoptosis and antiproliferative effect, whereas their combination showed highly significant results (P<0.01). TPX 
alone and its combination with ERB suppressed 5-LOX, COX-2, EGFR and VEGF-C and caused inhibition of lymphan-
giogenesis, however ERB alone was unable to affect expression of VEGF-C and lymphangiogenesis. The results con-
firmed combination of TPX and ERB produced a synergistic anticancer and antitumor activity, possibly by promoting 
apoptosis and antiproliferative effect on tumor cells via suppressing expression of COX-2, 5-LOX, EGFR and VEGF-C.   
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Introduction

Gastric cancer (GC) is identified to be 4th most 
common among all the type of cancers [1]. The 
treatment protocol for GC includes chemother-
apy both prior and after surgical intervention to 
prevent the chances of recurrence. A study has 
concluded an increase in overall chances of 
survival by 6% in cases receiving chemotherapy 
along with surgery compared to those undergo-
ing a chemo less surgical process [2], hence 
creating a need for discovering effective che-
motherapeutic agents [3]. Herbs show poten-
tial therapeutic effects, hence are evaluated in 
process of discovering new drug entities. How- 
ever, among the identified plant species on 
earth only 15% have been screened for there 
phyto-constituents and 6% for their activity in 
biological models [3].

The release of Arachidonic acid (AA) is mediat-
ed by phospholipase from membrane phospho-
lipids. The two enzymes cyclooxygenase (COX) 
and LOX (Lipoxigenase) are involved in catalysis 
of AA. COX is responsible for converting AA to 
prostaglandins (PGs). The expression of COX-2 
is uncommon in normal tissues but is over 
expressed after an inflammatory response. 
COX-2 is reported to be over expressed in num-
ber of cancers with gastric cancer being one of 
them [4]. COX-2 has been discovered to be a 
carcinogenic enzyme responsible for progres-
sion of cancer by encouraging cell proliferation, 
promoting angiogenesis, inhibiting apoptosis 
and immune response [5-9]. Selective COX-2 
inhibitor Celecoxib has been proved to be effec-
tive against number of human cancers such as 
colon cancer [10], gastric cancer [11] and can-
cer of head and neck [12].
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Along with COX-2, LOX is found to responsible 
for converting AA into hydroxyeicosatetraenoic 
acids (HETEs) and leukotrienes (LTs). Reports 
have conformed elevated levels of 5-lipoxygen-
ase (5-LOX) in many types of cancers, hence 
COX-2 and 5-LOX the two enzymes are found to 
play an important role in proliferation and cell 
signaling in cancer [13, 14]. It is now identified 
that the metabolites generated by COXs and 
LOXs are not only responsible for inflammation 
but also are involved in apoptosis and prolifera-
tion, hence along with COX the studies have 
also suggested inhibition of LOX as important 
target in treating cancer [15]. 5-LOX has been 
identified to as the key rate limiting enzyme 
responsible for synthesis 5-HETE and accom-
panying LTs [16, 17]. In addition to this the 
activity of 5-LOX is found to be elevated in num-
ber of tumors such as brain, lung, prostate and 
colon [18].  

Vascular endothelial growth factor-C (VEGF-C) 
has been found to accelerate lymphangiogen-
esis via activating VEGFR-3 and through its 
expression on lymphatic endothelial cells. In 
study involving breast cancer cell lines 
Timoshenko AV et al [19] found that COX-2 as 
one of the factor responsible for up-regulation 
of VEGF-C via EP1-/EP4-pathway, confirming a 
positive correlation between COX-2,VEGF-C and 
lymphangiogenesis.  

Epidermal growth factor receptor (EGFR) is a 
tyrosine kinase receptor from ErbB family. 
EGFR serves an important factor causing cell 
division, inhibiting apoptosis, angiogenesis and 
migration [20]. Reports recently have indicated 
association of EGFR with development and pro-
gression of gastric cancer, making it as poten-
tial marker as well as target for anticancer ther-
apy [21, 22]. A study involving pancreatic can-
cer reported earlier established both COX-2 
and EGFR as possible targets and found that 
the phosphorylation and transcription of EGFR 
was mediated by COX-2 cascade [9]. A study 
also reported, activation of EGFR cascade 
leads to gene transcription of COX-2. 

As the studies confirm involvement of COX, LOX 
and EGFR cascades in inflammation and in 
tumor growth, selecting agents that on combin-
ing can obstruct these pathways simultaneous-
ly can produce a synergistic effect and lead to 
increased tumor inhibitory effect. Therefore, 
targeting both 5-LOX-COX and EGFR pathway 

simultaneously can be an effective strategy in 
arresting progression of cancer, leading to over-
all better therapeutic outcomes.    

Till date there are no published reports involv-
ing both EGFR and 5-LOX-COX inhibitors as tar-
gets in treating gastric cancer. In present 
research, we evaluated the antitumor effect of 
Tepoxalin, a COX-2/5-LOX inhibitor and Erlotinib, 
an EGFR inhibitor. The effects of both of these 
agents as a single entity and in combination 
were assessed on MGC-803 tumor bearing 
nude mice along with any related molecular bio-
logical indicators.

Material and methods

Cell culture and chemicals 

For the study gastric cancer cells MGC-803 
were selected. The cell lines were obtained 
from American Type Culture Collection. The  
cell lines were authenticated from the depart-
ment of microbiology and pathology, Affiliated 
Hospital of Jining Medical University. The use of 
cells received permission from institutional eth-
ical committee of the Affiliated Hospital of 
Jining Medical University. The cells were sub-
jected to culture in freshly prepared Dulbecco’s 
modified Eagle’s medium (DMEM) (Merck, USA) 
along with fetal bovine serum (FBS) supple-
mented with streptomycin and penicillin (1%) 
maintained in 5 CO2 at 37°C. TPX and ERB were 
procured from Sigma-Aldrich USA, both TPX 
and ERB were suspended in 0.5% CMC.

Animals 

All the experimental animal protocols were 
sanctioned by institutional ethical committee 
Affiliated Hospital of Jining Medical University 
with approval number AS/JMU/2017/0076, 
adhering to ARRIVE guidelines. BALB/c nude 
mice (Females) ageing between 4 to 5 weeks 
were chosen having average weight between 
14.5-15.5 g. The animals were housed under in 
pathogen-free conditions, fed with sterilized 
diet, water ad libitum. 

The gastric tumor xenograft model and treat-
ment of selected molecules

The nude mice were injected subcutaneously at 
right armpit site with injection containing 2 × 
106/0.2 ml of MGC-803 cells to establish xeno-
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graft tumor model of GC. The mice were divided 
into 4 groups viz. 1. Control (Vehicle treated i.e. 
0.5% CMC), 2. TPX (12 mg/kg/day) treated 
group, 3. ERB 50 mg/kg/day [23] treated group 
and the 4. TPX+ERB (12 mg+50 mg) treated 
group, each of the group comprised 10 mice. 
The mice were divided into groups only after 
the diameter of largest tumor reached 5 mm. 
All the groups received the treatment regimens 
for 21 days (3 weeks) by intra-gastric route. The 
tumor diameters were evaluated after every 3rd 
day using vernier caliper. Tumor growth curves 
were plotted by calculating the tumor volume 
(TV) using formula TV=1/2ab2. The body weight 
was also recorded both prior and post study for 
assessing any associated adverse effects of 
treatment. After 3 weeks (21 days) the mice 
were sacrificed by Ketamine anesthesia intra-
peritoneally (100 mg/kg body weight). The 
tumors were recovered and inhibition rate was 
measured, followed by fixing tumors in 10% for-
malin solution dehydrated before embedding 
them in paraffin for obtaining sections of 5 μM. 
TUNEL and immunohistochemistry analysis 
was done. 

Immunohistochemical analysis

Immunohistochemistry analysis was done us- 
ing IHC kit from Abcam USA, the procedure fol-
lowed was as per manufacturer’s protocol. The 

antigen (PCNA), pEGFR, 5-LOX and VEGF-C (Cell 
Signaling) for 12 h at 4°C in a hybridization 
chamber. After incubating with Iry antibodies 
the tissue sections were again incubated with 
anti-goat/anti-mouse/anti-rabbit IIry antibodies 
followed by staining with diaminobenzidine 
(DAB) for 30 min, the controls were devoid of Iry 
antibody.

Western blot analysis 

For evaluating the expression of proteins, 50 ug 
of tumor lysates from gastric tumor from con-
trol group mice and drug-treated mice were 
subjected to SDS-PAGE separation and were 
transferred to a nitrocellulose membrane. The 
membranes were blocked using 5% nonfat milk 
(Biorad) in Tris-buffered saline (TBS), followed 
by incubation along with antibodies for COX-2, 
PCNA, 5-LOX, pEGFR, VEGF-C, Caspase-3, Bcl-2 
and β-actin for 12 h at 4°C. After 12 h incuba-
tion the, membranes were washed and again 
incubated with secondary antibody for 45 min. 
The proteins were detected using BioMax MR 
films (Kodak) opting chemiluminescence (Super 
Signal, Pierce Biotechnology), Actin was used 
as loading control. 

TUNEL staining assay 

Apoptosis detection kit (Sigma-Aldrich USA) 
was used for TUNEL assay. The obtained tumor 

Table 1. Changes in tumor volumes in treated group of tumor xenografts 
mice before and after treatment

Group treatment 
Tumor volume (mm3) 

Before treatment (mm3, 
mean ± SD) (n=6)

Tumor volume (mm3) 
After treatment (mm3, 

mean ± SD) (n=6)
Control group (0.5% CMC treated) 81.4±23.4 1670±350.2a

TPX treated (12 mg/kg/day) 81.45±21.1 1150±240.5a

ERB treated (50 mg/kg/day) 80.25±19.2 1040.4±264.5a

TPX (12 mg)+ERB (50 mg) 80.1±31.5 510.4±71.8a

aP<0.001, compared to volume before treatment. 

Table 2. Changes in weight of tumor xenografts mice in each group 
before and after treatment

Group (Treatment) Before treatment
(g, mean ± SD) (n=6)

After treatment
(g, mean ± SD) (n=6)

Negative Control (0.5% CMC treated) 17.95±0.52 20.74±1.24a

TPX treated (12 mg/kg/day) 18.01±0.78 19.41±0.68a

ERB treated (50 mg/kg/day) 17.98±0.65 19.65±0.45b

TPX (12 mg)+ERB (50 mg) 18.02±0.75 19.02±0.89b

aP<0.01, bP<0.05 compared to weight before treatment. 

obtained sections of tu- 
mors were deparaffini- 
zed using xylene follow- 
ed by rehydration us- 
ing alcohol and washing 
with phosphate buffer 
saline (PBS). The tumor 
sections were microwa- 
ved in citrate buffer for 
15 min in order to re- 
trieve antigen. The sec-
tions were treated with 
3% hydrogen peroxide 
for 30 min in order to 
block endogenous per-
oxidase. To block the 
binding of nonspecific 
antibodies the sections 
were treated with goat 
serum at 37°C for 30 
min. The tumor sections 
were incubated with Iry 
antibodies of COX-2, 
proliferating cell nuclear 
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sections were dewaxed using xylene and rehy-
drated using ethanol and distilled water. The 
sections were incubated with proteinase K at 
37°C for 15 min and were then washed  
twice with PBS. The TUNEL reagent suppli- 
ed with kit was added to the sections and  
incubated at 37° for 60 min in humid atmo-
spheric condition followed by washing with  
PBS for 3 times. The sections of tumor were 
colored with diaminobenzidine followed by 
staining with hematoxylin. The TUNEL quantifi-
cation was done by selecting 5 random sites 
from each of the section opting magnification 
of 200 ×.

Statistical analysis 

Graphpad Prism software was used for the sta-
tistical calculation of results. All the results 
expressed are mean ± SD. One-way ANOVA was 
used to establish differences between the 
groups. The changes in weight followed by 
treatment in every group were done analyzed 
by student’s t-test, values of P<0.05 were con-
sidered as significant statistically. 

Results

Tumor xenograft model of gastric cancer in 
nude mice 

The mice were divided into study groups on 
observing tumor size. The tumor diameter in 
selected MGC-803 injected nude mice was 
measured and the time required for attaining 
diameter of 5 mm was found to be 18 days 
after inoculation, the tumor formation rate was 
found to be 85%. The tumor volumes were mea-
sured before the treatment regimen, the vol-
ume were found to be control group 81.4±23.4 
mm3, TPX treated group 81.45±21.1 mm3, ERB 
treated 80.25±19.2 mm3 and TPX+ERB combi-
nation treated 80.1±31.5 mm3 (Table 1). The 

tumor weight before the treatment do not var-
ied significantly. The mice during the treatment 
duration do not showed any signs of variation  
in mental state, diet consumption, adverse 
effects and activity. The body weights noticed 
after treatment protocol were on higher side 
compared to before treatment regimen (Table 
2). The tumor volumes in all the groups after 
the treatment regimen were found to be as fol-
lows: control group 1670.70±350.2 mm3, TPX 
treated group 1150.4±240.5 mm3, ERB treat-
ed 1040.40±264.5 mm3 and TPX+ERB combi-
nation treated 510.4±71.8 mm3 (Figure 1; 
Table 1). The outcomes showed that the vol-
umes of tumor decreased in all treatment 
groups compared to control group (P<0.05), 
the combination group showed outstanding 
effects compared to their individual treatments 
(P<0.01). However, no significant differences in 
tumor volumes was observed for TPX and ERB 
treated group of mice (P>0.05). On evaluating 
the effect of treatments on tumor inhibition 
rates calculated as stated in study earlier [25] 
the outcomes were as follows: TPX treated 
group 42.8%, ERB treated 44.8% and TPX+ERB 
combination treated  showed 75.4% inhibition 
suggesting synergistic effect of combination.

Effect of TPX and ERB on apoptosis and prolif-
eration of each treatment group of mice

To study the effect of TPX, ERB and combina-
tion on apoptosis and proliferation in each 
treated group TUNEL and PCNA assay was 
done. After qualitative microscopy, the TUNEL 
positive cells in treated groups were as foll- 
ows: control group 8.7%±1.1%, TPX treated 
24.9%±0.9%, and ERB treated 27.1%±1.1% 
and combination of TPX+ERB (P<0.01) show- 
ing 51.2%±1.9% (Figure 2A). The % PCNA posi-
tive cells for the treated groups were as foll- 
ows: control group 81.4%±2.1%, TPX treated 
61.4%±2.7%, and ERB treated 55.8±2.4% and 
combination of TPX+ERB (P<0.01) showing 
31.4%±1.4% (Figure 2B).

The effect of TPX and ERB on levels of apopto-
sis proteins

Western blot studies and IHC staining were 
done to detect the expression of apoptosis pro-
teins in order to establish the effect of treat-
ments on apoptosis. The expression levels of 
Bcl-2, PCNA, 5-LOX, COX-2, β-catenin, caspase- 
3, p21 were evaluated. The Immunoblotting 
studies showed decreased expression of PC- 

Figure 1. Tumor volume of subcutaneous gastric 
cancer xenograft nude mice. @P<0.05 compared to 
control group. The presented data is mean ± SEM, 
*P<0.01 compared to TPX and ERB treated group. 
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NA, Bcl-2, Cox-2 and 5-LOX in all treatments 
compared to control, significant suppression 
was observed in lysates obtained from mice 
treated with TPX+ERB (P<0.01). The expression 
of p21 and caspase-3 increased whereas β- 
catenin decreased significantly in combination 
group compared to control suggesting involve-
ment of apoptosis (Figure 3). The proteins were 
normalized against loading standard β-Actin. 

IHC staining showed expression of pEGFR, 
VEGF-C, COX-2 and 5-LOX increased in control 
group whereas the levels decreased in treated 
groups, significant decrease was observed in 
combination treated group compared to con- 
trol suggesting synergistic role of combination 
(Figure 4A). 

The effect of TPX and ERB on the expression 
of COX-2 and VEGF-C proteins and lymphangio-
genesis

Lymphatic vessel density (LVD) was done to in- 
terpret the effect of TPX, ERG and there combi-

nation on lymphangiogenesis. The lymphatic 
densities for selected histological fields of  
studied groups were as follows: control group 
8.9±1.3/HF (Histological Field), TPX treated 
5.4±1.1/HF, ERB treated 8.1±0.7/HF and com-
bination of TPX+ERB showing 3.2±0.8/HF. The 
LVD of all the treated groups were lower than 
the control group. TPX alone and in combina-
tion with ERG decreased LVD, whereas ERG 
alone was unable to suppress it (Figure 4B). 

Discussion

Many studies have confirmed COX-2 and 5-LOX 
contributing in development of tumors [24]. 
Enzyme COX-2 is found to be carcinogenic and 
leads to progression of cancer via encoura- 
ging cell proliferation, promoting angiogenesis, 
inhibiting apoptosis and immune response [25-
27]. LOX the other important enzyme is respon-
sible for conversion of Arachidonic acid to 
HETEs and LTs. In a study Hong et al estab-
lished that LOX inhibitors are more valuable 

Figure 2. A: TUNEL staining of tumor tissues. Brown staining was shown by nuclei apoptotic cells. The apoptotic rate 
increased in all treatments compared to control *P<0.05, the brown staining was highly significant in combination 
treated group compared to control **P<0.01 (All the data presented is mean ± SEM). B: The expression of PCNA 
in tumors obtained from tumor xenografts nude mice by immunohistochemical staining. The brown staining was 
observed in nucleus of tumor cells (PCNA positive). The extent of proliferation i.e. proliferation index decreased in 
all treated groups compared to control (*P<0.05), whereas significant results were shown by combination group 
compared to control (**P<0.01) (All the data presented is mean ± SEM). (Magnification at 200 ×).     
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compared to COX inhibitors in suppressing pro-
liferation of cancer cells, the study also identi-
fied 5-LOX as a crucial enzyme in synthesis of 
5-HETE and LTs [15]. Epidermal growth factor 
receptor which is a tyrosine kinase receptor 
from ErbB family plays a valuable role in pro-
cess of cell division, angiogenesis, cell apopto-
sis and migration [20]. EGFR is very closely 
associated with gastric cancer and is found to 
be over expressed making it as a important tar-
get for treating gastric cancer [21, 22].   

In the present study we selected two agents 
TPX and ERB. TPX is an anti-inflammatory agent 
and is reported to have inhibitory effect on both 
COX-2 and 5-LOX [28], whereas ERB is a EGFR 
inhibitor. Here we evaluated the effects of 
these agents individually as well as in combina-
tion on gastric cancer xenografts mice model. 
To our knowledge, this is first study of its kind 
evaluating efficacy of a dual 5-LOX-COX-2 inhib-
itor combined with an EGFR inhibitor in gastric 
cancer. In the present research we assessed 
changes in biological indicators associated 
with gastric cancer, PCNA an important indica-
tor of cell proliferation was the first to be stud-
ied for its expression in each treatment group. 

We found that TPX, ERB and there combination 
inhibited the proliferation. The % PCNA cells in 
tumor sections in group of mice treated with 
TPX+ERB was on lower side compared to their 
individual treatments. ERB may have interfered 
with EGFR signaling of cancer cells whereas 
TPX may have caused suppression via inhibit-
ing activity of both COX-2 and 5-LOX.       

We further studied the antitumor effect of TPX 
and ERB by evaluating apoptosis. Outcomes of 
the experiment suggested that both TPX and 
ERB resulted in apoptosis of cancer cells in 
tumor xenografts mice. However the combina-
tion of TPX+ERB turned to be more effective 
resulting in higher level of apoptotic index com-
pared to their individual treatments (P<0.01).  
It was observed that expression of Bcl-2 
decreased and that of caspase-3 was upregu-
lated in all the treatment groups and more sig-
nificantly in combination group (P<0.01) com-
pared to control mice. Bcl-2 is a protein which 
inhibits apoptosis and caspase 3 is a important 
enzyme responsible for apoptosis signaling 
causing apoptosis [29]. A study established 
prognostic value of caspase-3 in cancers of 
digestive tract [30]. Caspase-3 along with sur-

Figure 3. Effect of TPX, ERB and combination of TPX+ERB treatment on 
expression of proteins p21, caspase-3, β-Catenin, PCNA, COX-2, 5-LOX 
and Bcl2. The combination of TPX+ERB significantly increased expres-
sion of p21 and caspase-3, whereas the expression of β-Catenin, PCNA, 
COX-2, 5-LOX and Bcl2 decreased significantly compared to control. Ac-
tin was used as loading standard. (The data presented is mean ± SEM, 
*P<0.05 and **P<0.01 compared control).
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viving are associated with gastric cancer [31]. 
Wang et al established caspase-3 dependent 
pyroptosis in gastric cancer [32]. 

Lymphatic metastasis is identified to be one  
of the prime mechanisms of gastric cancer 
metastasis which helps in deciding the treat-
ment and also the prognosis [33-35]. The 
action of Lymphangiogenesis is established as 
a process encouraging metastasis of lymph 
node in tumors, it is a process which leads to 
formation of new lymphatic vessels from the 
existing [36]. COX-2 and LOX-5 are the lymphat-
ic factors reported earlier [37]. In a study Zhang 
et al [38] reported expression of COX-2 was 

linked to metastasis of lymph node and lym-
phangiogenesis. In our research, TPX alone and 
in combination with ERB inhibited expression of 
COX-2, 5-LOX and EGFR. The treatment of TPX 
and its combination with ERB inhibited the 
expression of VEGF-C decreasing the density  
of lymphatic vessels; however ERB alone was 
unable to suppress VEGF-C. In a study earlier, 
Celecoxib halted the growth of implanted 
tumors, inhibited generation of lymphatic ves-
sels and resulted in inhibition of VEGF expres-
sion in cancer cells [39, 40]. Furthermore, stud-
ies have provided evidence that COX-2 inhibitor 
suppressed the expression of VEGF-C and lym-
phangiogenesis, the possible mechanism may 

Figure 4. A: Immunohistochemistry (VEGFC, pEG-
FR, 5-LOX and COX-2) revealed decreased expres-
sion of COX-2, VEGFC, 5-LOX and p-EGFR in both 
individual treatment of TPX and ERB as well as in 
combination. B: Effect of TPX, ERB and its com-
bination on lymphatic vessel density/histological 
field selected. The lympathic density decreased in 
all treatment groups compared to control with TPX 
treated showing *P<0.05 compared to control. 
The combination group showed significant reduc-
tion (#P<0.01 compared to control) (All the data 
presented is mean ± SEM).
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be COX-2 mediated regulation of VEGF-C via 
PGE-2 pathway [41, 42]. The outcomes of our 
study were in accordance to results of these 
studies suggesting involvement of COX-2 in 
VEGF-C and lymphangiogenesis.

Though both TPX and ERB resulted in antitumor 
effects when given alone compared to control 
mice; a synergistic response was observed on 
combining the two agents which resulted in 
antitumor response in MGC-803 injected xeno-
grafts tumor model of GC. The combination of 
TPX and ERB inhibited progression of tumor 
growth in mice mainly via inhibiting the growth 
of cancer cells and encouraging apoptosis. TPX 
and ERB in combination may suppress expres-
sion of COX-2, which in turn may have lead to 
down regulation expression of VEGF-C, thereby 
curbing lymphangiogenesis.   
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