
ABSTRACT
Carica papaya leaf has widely been used for its medicinal properties; includes anti-cancer, immunomodulatory, 
and wound healing. However, its molecular mechanisms of enhancing the immune function remain to be 
unexplored. In the present study, we investigated the effect of aqueous leaf extract of Carica papaya on the 
production of non-specific effectors molecules and the expression of cell surface receptor by tumor-associated 
macrophages (TAMs) isolated from Dalton’s lymphoma bearing mice. Nitric oxide production was measured by 
Griess reagent and release of tumor necrosis factor (TNF-a), IL-6 was determined by ELIZA assay. In addition, 
FACS analysis used to evaluate the expression of cell surface receptor molecules on TAMs. Here, we found 
that CPE treatment significantly enhanced the production of effectors molecules nitric oxide (NO), hydrogen 
peroxide (H2O2), tumor necrosis factor-a (TNF-a) and IL-6 in TAMs. Furthermore, CPE treatments increase
the expression of the co-stimulatory molecule (CD80) on tumor-associated macrophages. Thus, our findings 
suggest that CPE enhanced the anti-tumor response of TAMs by up regulating the production of potent effectors 
molecules, and modulating the expression of costimulatory cell surface receptor molecule.
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based potential drugs to cure cancer (Sivarajet 
al., 2014). Carica papaya is a well-known tropical 
plant containing several bioactive secondary 
metabolites with immense medicinal value (Khare 
et al., 2004). Traditionally, people uses different 
parts of papaya plant, including fruits, seeds, 
leaves, shoots, and latex to cure various ailments 
(Nguyen et al., 2013 and Otsukia et al., 2010). 
The scientific evaluation of papaya plant product 
show excellent medicinal values, has property 
to increases antioxidant level, and reduces lipid 
peroxidation in the blood (Otsukia et al., 2010 
and Seigler et al., 2002). It is highly beneficial in 
wound healing, cardiovascular diseases, dengue 
fever, cancer, malaria, and hypoglycaemia 
(Maniyar et al., 2012 and Nunes et al., 2013). 
Further, strong immunomodulatory, antitumor, 
anti-inflammatory, antioxidant, and wound 
healing properties have reported in papaya leaf 
extract (Imaga, et al., 2013, Gurung et al., 2009 
and Anjum et al., 2017).

Recently, immunomodulatory potential of papaya 
leaf extract reported on several cancer cell lines, 
but there are very few reports on PBMC (Otsukia et 
al., 2010), and therefore, required studies in detail. 
Macrophages are a heterogeneous population 
of tissue-resident professional phagocytes 
originated from the terminal differentiation of 
circulating monocytes (Gordon et al., 2005). 
They act as a primary line of defence of the 
host, and mediate innate and adaptive immune 
response against invading pathogens (Mosser et 
al., 2008). Stimulation with lipopolysaccharides 
(LPS), IFN-g, TNFa, and IL-1b converted resting 
macrophages into classically activated or M1 
phenotype macrophages that shows anti-tumor 
properties (Edwards et al., 2006). 

However, continuous exposure of tumor 
microenvironment and cytokines like IL-4, or 
IL-13, IL-10 and TGF b secreted by tumor cells 
changes M1 macrophages into M2 macrophages 
which are phenotypically and functionally altered 
population of normal macrophages and support 
tumor progression (Goswami et al., 2017). The 
M2 macrophages or frequently called tumor-
associated macrophages (TAMs) are the most 
abundant cells present in the close vicinity of 
tumor cells, constituted more than 50 % of the 

INTRODUCTION

Cancer is a type of disease that results from 
uncontrolled growth and division of cells, causes 
millions of death regardless many developments 
made in the field of its diagnosis, treatment, and 
preventive measures (He et al., 2016 and Qin  et 
al., 2017). Currently, treatments available for 
cancer are surgery, chemotherapy, radiotherapy, 
immunotherapy, vaccinations, and combination 
therapy, where chemotherapy is most common 
and widely used for the treatment of highly 
metastatic cancer (Greenwell et al., 2015). 
However, drugs used during chemotherapy shows 
several side effects and put the life of patient 
under threat. Therefore, people are  forced to look 
at alternative treatment options against cancer. 
Since a long time, plant products have been used 
to treat many diseases, including asthma, ulcers, 
eczema, jaundice, malaria, diabetes, helminths 
infections and fever (Nguyen et al., 2013). 

In modern days, it is one of the primary sources 
of medicinal drugs in developing countries 
(Greenwell et al., 2015 Hung et al., 2019). Earlier, 
secondary metabolites like alkaloids, phenolics, 
flavonoids, carotenoids, tannins, saponins, 
papain and chymopapain (Pandey et al., 2016) 
isolated from the tropical plant were used as 
an anti-inflammatory, immunomodulatory, and 
antiseptic agent with relatively less or no side 
effects (Recioet al., 2012). Thus, people have 
shifted their focus to formulate plant product 

Figure 1. Macrophages were harvested from DL-
bearing mice, adherence purified, 
and characterized by staining (A) 
Immunocytochemistry and also characterization 
by flowcytometry (B) using anti-CD14 antibody
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total tumor mass (Zheng et al., 2017) provide 
better opportunity to develop a novel anti-cancer 
therapy by modulating their altered physiology 
in a tumor-bearing host. In the present study, 
we have studied immunomodulatory potential 
of C. papaya leaf extract TAMs isolated from 
Dalton’s lymphoma (DL) bearing mice, and found 
that aqueous papaya leaf extracts significantly 
induces anti-tumor activities of TAMs and restore 
its normal morphology to some extent. DL is a 
type of transplantable T cell lymphoma of mouse 
origin that mimics human T cells lymphoma, 
causes death of the host within a short interval 

of time, and therefore, our finding justify the 
purpose of the study.

MATERIAL AND METHODS

Preparation of papaya leaf extract: Collected 
papaya leaf was wash with autoclaved distilled 
water. Every 20 grams of leaf powder mixed with 
400 ml of water was boiled at 60oC until 12.5% 
ml water was  left as a leaf extract. The extracts 
were filtered  by Whatman filter paper followed 
by 0.22-micron filter (MILLIPORE), and stored at 
-20oC. Isolation of tumor-associated macrophage: 
Tumor-associated macrophages harvested from 
tumor-bearing mice as described earlier (Gautam 
et al., 2013). Briefly, a mouse sacrificed by cervical 
dislocation injected with 2ml chilled PBS in 
the peritoneal cavity. After intense peritoneal 
lavaging, peritoneal exudate cells  were collected 

Figure 2. Effect of CPE on nitric oxide production 
in TAMs. The cells were treated with concentration 
of (LPS10 ng/ml and CPE 25µl/ml) for 24 h. 
(A) Nitric oxide production was determined by 
Griess reagent. Time Kinetics of NO2 production 
(B) .Results are representative of 3 independent 
experiments  and analyzed by GraphPad PrismVR 
7.0 software using one-way ANOVA with dunnett's 
test, where all groups were compared with control. 
# P< 0.0001,* P < 0.05

Figure 3. Effect of CPE on the production H2O2 
in TAMs. TAMs cells were treated for 24 h with 
concentrations of (LPS 10ng/ml, CPE 25µ/ml). 
(A) Production of H2O2 was determined by ELISA 
plate reader. (B) Time kinetics of H2O2 production. 
The value represents the H2O2± SEM of three 
independent experiments in triplicate. # P< 0.0001, 
* P < 0.05
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in a Petri plate and incubated at 370C in CO2 
incubator for 2 h. Washed the cells three times 
with incomplete RPMI 1640 to ensure the removal 
of all non-adherent cells from the plate after 
incubation and collected only adherent cells. 

Characte r i za t ion  of  tumor-as soc ia ted 
macrophages: Collected adherent cells were 
washed in phosphate-buffered saline (PBS) and 
fixed on Cytospin slide with 4% formaldehyde for 
1 h. Block the cells with 0.5% BSA for 1 h at room 
temperature and permeabilized with 0.2% Triton 
X-100 for 10 min at room temperature. Washed 
the cells with PBS, stained with anti-CD14FITC 
antibody (1:100) and incubated overnight at 
room temperature. After three washing mounted 
the cells in DABCO and visualized the cells with 

Nikon E800 upright fluorescence microscope. 
Purity of macrophages was further confirmed 
by flow cytometry analysis using CD14PE 
antibody describe earlier (Lu-Emerson et al., 
2013). Nitrite assay for estimation of nitric oxide 
production:TAMs (1.5x 105 cells/well) culture in 
200 μl complete RPMI 1640 in a 96 well ELISA 
plates treated with different concentrations of 
Carica papaya leaf extract CPE (5. 10, 25 µl/
ml) and LPS (10ng/ml) as a positive control for 
24 h. After desired treatments, the supernatant 
was harvested and mixed with an equal volume 
of Griess reagent (sulfanilamide, Naphthalene-
ethylene-diaminedihydrochloride, and H3PO4) 
at room temperature for 10 min (Kumar et al., 
2006) and the absorbance was measured at 540 
nm using a ELISA plate reader. Assay for reactive 
oxygen intermediate (ROI) production: TAMs cells 
were seeded and treated with CPE similar to the 
nitrite assay. After treatment, cells were treated 
with an equal volume of phenol red solution 
(140mM NaCl, 10mM K2HPO4, 5.5mM dextrose, 
and 5.5nM horseradish peroxidise), and incubated 
for 1 hr in CO2 incubator (Kumar et al., 2006). 
Subsequently, 1M NaOH added in each wells and 
took the absorbance at 620 nm on ELISA plate .
reader. 

TNF-a and IL-6 production: 2×105 TAMs per 
well  were seeded in a 12-well culture plate and 
treated with 10 ng/ml LPS or 25µl/ml CPE and 
incubated for 24 h in a CO2 incubator. After 
incubation culture supernatant was collected and 
measure the level of TNF-a and IL-6 with the help 
of ELISA assay (Kim et al., 2011), and quantify 
cytokine concentrations by using standard curves 
of TNF-a and IL-6. 

Flow cytometry analysis for cell surface receptor 
on TAMs: TAMs treated with 10 ng/ml LPS and 
25µl/ml CPE incubated in a CO2 incubator for 
24 h. At the end of treatment, cells stained with 
anti-mouse- CD80 conjugated with FITC and anti-
mouse CD14 conjugated with PE (Gautam et al., 
2015). After washing with PBS, the cells  were re 
suspended in PBS containing 0.1 % NaN3,  the 
fluorescence level was measured  with the help of 
flow cytometer (BD Biosciences, Mountain View, 
CA, USA) LSRII and the data   were analyzed by 
using Flow Jo software.

Figure 4. Effects of CPE on  tumor necrosis factor 
(TNF)-a, and interleukin (IL-6) in TAMs. TAMs 
cells  were treated with 10 ng/ml LPS and 25 µl/ml 
CPE for 24 h, and levels of TNF-a (A) and IL-6 (B) 
were measured by enzyme-linked immunosorbent 
assay (ELISA) (n = 3). * P < 0.05 
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RESULTS AND DISCUSSION

In the present study, we report that effects of 
aqueous leaf extract of Carica papaya (CPE) on the 
production of non-specific effector molecules like, 
NO, H2O2, and TNF-a, and expression of specific 
cell surface receptor CD80 on tumor-associated 
macrophages (TAMs). Macrophages are the part 
of the innate immune system, and well known 
to produce non-specific effectors molecules upon 
stimulation. Here, we isolate and characterized 
TAMs on the basis of CD 14 expression with 
the help of flow cytometry (Figure 1A) and 
found 95 % TAMs after isolation via adherent 
purification (Figure 1B).CD 14 mainly present on 
the cell surface on macrophages, and therefore, 
used as a marker for identifying TAMs (Roszer 
et al., 2015). It has been reported that activation 
of macrophages by flavonoid or Polyphenols 
modulates the production of effector molecules 
(Yahfoufi et al., 2018). 

Nitric oxide is a lipophilic, toxic gaseous 
molecule, plays vital role in the inhibition of the 
tumor growth (Lamattina et al., 2003).  Several 
studies have reported that high concentration 
of NO induces death in the cells, and secreted 
by macrophages to kill invading pathogens 

and tumor cells (Rahat et al., 2013). Herein, we 
examine the effect of CPE on NO production in 
TAMs and our result shows that CPE treatment 
significantly increases NO production in TAMs 
after for 24 h as compared to the control or LPS 
stimulated cells (Figure 2A). Furthermore, time 
kinetics study confirmed that the maximum 
release of NO observed at 8 h after treatment 
(Figure 2B) corroborate previous finding of 
Elmowalid and co-workers who reported that an 
aqueous extract of Nigella saliva seed enhances 
NO production in macrophages (Elmowalid et al., 
2013). Further, we investigate the effect of CPE 
on reactive oxygen intermediate (ROI) production 
in TAMs and found that CPE treatment increased 
the H2O2 production in TAMs as compares to 
control or LPS stimulated cells. Here, we observed 
that CPE treatment induced more significant 
production of H2O2 compared to LPS treated TAMs 
(Figure 3A). Time course study confirmed that 
maximum secretion of H2O2 from TAMs occur at 8 
h of incubation and after that gradually decreased 
(Figure 3B). Thus, our findings suggest that 
increased production of RNI, ROI may contribute 
to reduced tumor growth. Earlier scientists have 
reported that production of non-specific effector 
molecules play significant role in enhancing the 
tumoricidal properties of activated macrophages 
in vitro and in vivo (Cui et al., 1994). 

We further measured the effect of CPE on the 
production of TNF-a and pro-inflammatory 
cytokineIL-6 in TAMs. CPE Treatment (CPE 
25µl/ml) significantly increased the production 
of TNF-b and IL-6 in TAMs compares to control 
(Figure 4 A, B). TNF-a is a multifunctional 
cytokine, which involves in various cellular 
processes such as cell survival, apoptosis, and 
inflammation. Several studies reported that 
LPS could activate J774.1 cells to produce pro-
inflammatory cytokines such as IL-6, TNF-a, and 
IL-1b (Hung et al., 2019). Our result indicated that 
CPE increased the secretion of pro-inflammatory 
cytokines TNF-a and IL-6 in TAMs. In addition, 
low levels of MHC-II expression reported on 
macrophages during tumor progression, as a 
result it failed to stimulate T cells during tumor 
progression (Guerriero et al., 2018).However, M1-
polarization inducers such as anti-CD40 mAb and 
IFN-g are able to up-regulate MHC-II expression 

Figure 5. Effect of CPE on co-stimulatory molecule 
(CD 80) on TAMs. Cells were treated with 
concentration of (LPS 10 ng/ml and CPE 25µl/
ml). Flowcytometric analysis was carried out to 
check  expression level  of cell Surface marker CD 
80 molecule. (A) Representing histogram data. (B)
The bar graphs represent the mean fluorescence 
intensity (MFI) ± SEM of positive cells compare to 
control. #P< 0.0001.
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and other co-stimulating factors (e.g. CD80/86) 
on macrophages to enhance the adaptive immune 
response of the host required for tumour rejection. 
Further, we examined the effect of CPE on the 
expression of co-stimulatory molecule (CD80) on 
TAMs and shows that CPE treatment enhanced 
the expression of CD80 molecules significantly 
(Figure 5). As a result, macrophages provide 
costimulatory signal for T cell activation. These 
results collectively suggested that CPE treatment 
increases the expression non-specific effector 
molecules and costimulatory molecules on 
macrophages that in turn increase anti-tumor 
properties of TAMs and help to attain the M1 
phenotype to some extent.

CONCLUSION

The present study shows that Carica papaya leaf 
extract (CPE) positively modulated that production 
of NO, H2O2, TNF-a, and IL-6 production in TAMs. 
Also, Carica papaya leaf extract upregulated the 
costimulatory receptor CD80 in TAMs. The results 
suggested that CPE reversing the M2 phenotype 
polarization to M1 polarization. However, further 
studies are essential to explore the molecular 
mechanism induced by CPE in TAMs, which may 
improve the treatment of cancer.
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