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ABSTRACT 
Phyllanthus niruri Linn (PNL) is a folk medicine that believed to exhibit 
anticancer effect. Granzyme, one of serine proteases produced by cytotoxic-
T-lymphocytes (CTL) and natural killer cells (NK cells), is suggested as a 
prognostic marker of cancer. This study aimed to assess the effect of PNL 
extract on colorectal cancer cells growth by measuring granzyme 
expression. An experimental study utilized pre- and post-treatment design 
was conducted in Dr. Kariadi General Hospital, Semarang, Indonesia from 
May to July 2016. Hospitalized colorectal cancer patients were 
administrated with daily oral PNL extract for 14 days. Granzyme expressions 
before and post-treatment were measured using immunohistochemical 
staining technique. The difference of granzyme expression was analyzed 
using paired t-test. Fifteen patients with colorectal cancer were enrolled in 
this study. The mean granzyme expression of pre- and post-treatment was 
25.46%±4.82% and 65.71%±7.91%, respectively. There was a significant 
increase of granzyme expression in post-treatment compared to pre-
treatment group, p<0.001. In conclusion, PNL extract increased granzyme 
expression on colorectal cancer patients, suggesting its role as anticancer 
agent. 
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INTRODUCTION 
Colorectal cancer is one of the deadliest cancers globally, 
ranked the fifth cause of cancer-related death in 2018.1 
More than 2.7 million people worldwide suffered from 
colorectal cancer, made it is the third most prevalent 
cancer after breast and prostate cancer.1 Surgery remains 
the most effective treatment for localized and early stage 
colorectal cancer, while adjuvant radio and chemotherapy 
following surgery are strongly recommended for later 
stage.2 However, chemotherapy and radiation showed low 
efficacy and high recurrence rate on colorectal cancer.3, 4 
Approaches have been taken to search for alternative 
cancer  drugs from plant sources due to their low toxicities 
and costs, led to the discovery of many novel anticancer 
drugs such as vinka alkaloids, vinblastine and vincristine, 
taxol, camptothecins, and podophyllotoxins.3, 5  
Immune system is suggested to play an important role in 
cancer cells development. Tumor induces specific adaptive 
immune response through infiltration of lymphocytes and 
Natural Killer (NK) cells into tumor cells.6 Among them, 
cytotoxic T lymphocytes (CLTs) play an important role in 
cancer prognostic and clinical management.7 High tumor-
infiltrating CTLs in colorectal tumors patients was 
associated with significantly decreased mortality.8 A 
previous study also found inversed association between 
CTL infiltration in tumor cells and the risk of colorectal 
cancer recurrence or mortality.9 Granzymes, one of serine 
proteases, is mainly expressed by CTL and NK cells as the 
immune response against cells transformation.10, 11 
Although granzyme A, B, H, and M are identified in human, 
granzyme B is the most abundant (up to 70% of total 
granzymes) and the most potent.11 Some granzymes exert 
cytotoxicity effects by inducing tumor or virus-infected 
cells death after being delivered intracellular by 

perforin.12, 13 Granzyme B exhibits cytotoxic activity 
against cancer cells and is suggested as a positive 
prognostic marker in human colorectal cancer.14 CTL 
infiltration in tumor cells and higher granzyme B 
expression were significantly associated with lower risk of 
colorectal cancer-associated death, even after considering 
the stage and other confounders.7  
Immunomodulators are promising treatment to improve 
survival and reduce the recurrence of colorectal cancer.15 
One of the potent immunomodulator is Phyllanthus niruri 
Linn (PNL), a member of the Euphorbiaceae, which has 
been used as traditional medicine for decades in many 
countries, including Indonesia.15, 16 A previous study 
showed that PNL increased phagocytosis and macrophage 
chemotaxis, neutrophil chemotaxis, NK cells cytotoxicity, 
and complementary hemolysis activities.17 PNL also 
increased lymphocytes T cells proliferation by increasing 
TNFα, IFNγ, IL-4,  IgM and IgG, and decreased IL-2 and IL-
10.17  
Studies in the recent years showed that PNL exhibits 
anticancer,18 antiviral,19 antioxidant,20 anti-
inflammatory21 and antidiabetic  activities,22 and 
protection against radiation.23 In vitro study showed that 
PNL inhibited the development of experimental colorectal 
cancer on Sprague-Dawley male rat through perforin-
granzyme pathway and significantly decreased cancer 
cells’ proliferative marker AgNORs and macroscopic 
tumor growth.17 Spray-dried extracts of PNL followed by 
cisplatin showed a significant cytotoxic effect on colorectal 
cancer cells in another in vitro study.24 A study on hepatic 
carcinoma cell showed that PNL increased apoptosis and 
reduced the viability of liver cancer cells.18 A phase II 
clinical trial on rectal cancer patients showed that PNL 
extract significantly increased cancer cell apoptosis and 
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infiltrating lymphocyte, granzyme-B, perforin, and 
caspase-3 expression.15  
The overmentioned studies15, 17, 18, 24 implied that PNL is a 
promising treatment for colorectal cancer. However, most 
studies were conducted in vitro and used animal 
experimental models. Therefore, we conducted a study on 
colorectal cancer patients to further evaluate the effect of 
PNL extract on the growth of cancer cells through perforin-
granzyme pathway by measuring granzyme expression.  
 
MATERIAL AND METHODS 
Ethical approval   
The study has been approved by the Ethical Clearance 
Committee of Dr. Kariadi General Hospital - Diponegoro 
University, Semarang, Indonesia. Written consent was 
obtained from all patients prior to the study. 
Study setting and patients  
A pre- and post- study design with one group of colorectal 
cancer patients was employed to examine the expression 
of granzyme, as indicator of cancer cell growth’s inhibition, 
after PNL administration. The study was conducted at Dr. 
Kariadi General Hospital, Semarang, Indonesia from May 
to July 2016. Hospitalized patients with resectable non-
obstructive colorectal cancer, aged ≥40 years old, BMI ≥20 
kg/m2, hemoglobin ≥10%, and had undergone abdominal 
multislice computed tomography (MSCT) with 
intravenous contrast were recruited in this study.  
Study procedure 
All patients enrolled in this study underwent colonoscopy 
biopsy. The specimens from biopsy were further 
processed and examined to determine the granzyme 
expression of pre-treatment. The patients were then 
treated with oral 100mg PNL extract Stimuno® daily for 
14 days; started from the next day after colonoscopy 
biopsy. Stimuno® contains of a single formula of PNL 
extract and has been approved by Indonesian Food and 
Drug Administration as a phytopharmaca since 2005.25 
Tumor resection was carried out after 14 days of 
treatment and tumor specimens were later examined to 
determine granzyme expression for post-treatment.  

Expression of granzyme in tumor cells was measured 
using immunohistochemical staining. Briefly, after the 
specimens were fixed with formalin and embedded into 
paraffin block, immune histochemical staining was 
conducted for detecting total granzyme of cancer cells. The 
expression of granzyme was measured under 400x 
magnification by two independent anatomical 
pathologists. Microscopic diagnosis and immune 
histochemical staining were conducted at the Anatomical 
Pathology Laboratory of Faculty of Medicine, Gadjah Mada 
University, Yogyakarta, Indonesia. For each patient, 500 
tumor cells were counted and the percentage of tumor 
cells positive granzyme were calculated for each 100 cells 
(i.e. there were five percentage of granzyme for each 
patients). The percentage of granzyme was defined as 
number of tumor cells positive granzyme divided by 100 
tumor cells. 
Statistical analyses 
Data of percentage of granzyme expression were 
presented in mean, standard deviation (SD), and median. 
The normality of the data was assessed using Shapiro–
Wilk test. Paired t-test was employed to compare the 
expression of granzyme pre- and post-treatment. 
Significance was defined if p-value 0.05 and statistical 
analysis was carried out with SPSS ver.17.0 for Windows.  
 
RESULTS 
Fifteen patients with colorectal cancer were enrolled in 
this study. The median expression of granzyme of each 
patient from both groups are presented in Table 1. Prior 
treatment, the highest and the lowest percentage of 
granzyme expression was 34.36% (min and max: 17.43-
51.69%) and 16.60% (10.21–23.56%), respectively. 
Meanwhile, the highest and the lowest median of 
granzyme expression in post-treatment group was 
80.09% (71.11-86.09%) and 49.75% (37.08–65.64%), 
respectively (Table 1). The median of granzyme 
expression was 24.93% (16.60–34.36%) for pre-
treatment and 68.15% (49.75–80.09%) for post-
treatment. Overall, the expression of granzyme after PNL 
treatment was higher compared to pre-treatment.  

 
Table 1. Granzyme expression of each colorectal cancer patient pre- and post-treatment with Phyllanthus niruri Linn (PNL) 

 

Patient ID 
Granzyme expression (%), median (min-max) 

Pre-treatment Post- treatment 

A 24.93 (15.31 – 30.45) 59.65 (37.55 – 81.63) 

B 20.03 (13.79 – 33.16) 49.75 (37.08 – 65.64) 

C 26.28 (15.19 – 53.50) 70.77 (54.92 – 83.72) 

D 16.60 (10.21 – 23.56) 70.69 (60.00 – 81.43) 

E 29.73 (13.06 – 49.13) 67.62 (37.61 – 88.11) 

F 21.49 (9.46 – 28.00) 68.96 (60.90 – 86.23) 

G 20.33 (15.65 – 31.90) 80.09 (71.11 – 86.09) 

H 23.61 (17.79 – 28.57) 69.16 (55.67 – 86.52) 

I 34.36 (17.43 – 51.69) 70.71 (55.05 – 84.09) 

J 29.94 (14.00 – 49.43) 68.14 (38.68 – 88.65) 

K 24.44 (18.63 – 31.68) 71.29 (55.21 – 83.95) 

L 29.38 (12.63 – 48.84) 67.27 (37.16 – 87.98) 
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M 15.66 (32.84 – 42.70) 60.29 (39.80 – 76.26) 

N 25.56 (18.59 – 34.84) 53.93 (39.59 – 70.60) 

O 23.95 (15.32 – 29.41) 57.37 (46.61 – 70.39) 

Median 24.93 (16.60 – 34.36) 68.15 (49.75 – 80.09) 

 
 

The mean granzyme expression of pre- and post-
treatment was 25.46%±4.82% and 65.71%±7.91%, 
respectively. Individual mean expression of granzyme are 
shown on Figure 1. Shapiro–Wilk test suggested that the 
data of both groups were distributed normally with 

p=0.978 and p=0.198 for pre- and post-treatment group, 
respectively and therefore paired t-test was employed. 
Paired t-test revealed that granzyme expression was 
significantly higher after PNL treatment (p<0.001).  

 

 
Figure 1. Individual granzyme expression of each colorectal cancer patient pre-treatment and post-treatment with oral 

100mg Phyllanthus niruri Linn (PNL) extract daily for 14 days. 
 

DISCUSSION 
A previous study showed that PNL extract exhibited 
anticancer activity and had low toxicity.16 In vitro study 
also found that PNL extract inhibited the growth of 
colorectal cancer cells on experimental rats.17 Thus, we 
undertaken this Phase II Clinical Trial to assess the effect 
of PNL extract on human colorectal cancer.  
Our data found that PNL extract significantly increased 
granzyme expression. The finding is similar to a previous 
study that showed PNL extract significantly increased the 
expression of infiltrating lymphocyte, granzyme-B, 
perforin, and caspase-3 in recto sigmoid cancer patients.15 
The role of PNL extract as an apoptotic agent in this study 
is probably through perforin-granzyme pathway.26 
Granzyme A and B are important granzymes in apoptosis 
mechanism. Granzyme B pathway converges on the 
cleavage of caspase-3 as apoptosis executor, along with 

other executors of apoptosis like caspase-6 and -7. 
Meanwhile, granzyme A pathway activates a parallel, 
caspase-independent cell death pathway, facilitating 
single-stranded DNA breaks.11, 26 The association between 
granzyme expression and colorectal cancer has been 
studied previously. Granzyme B was suggested as positive 
prognostic marker in colorectal cancer, where low 
expression of granzyme B was associated with early signs 
of colorectal cancer metastasis.14 Higher granzyme B 
expression and CTL infiltration in tumor cells were 
significantly associated with lower risk of colorectal-
associated death.7  
The result of this study provides additional evidence to 
previous studies that suggest the promising effect of PNL 
as anticancer.16-18, 24 A study showed that PNL extract 
could arrest hepatic carcinoma cell line, had antitumor 
potential, and had lower toxicity in normal cells.16 Another 
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study showed that spray-dried extract of PNL increased 
apoptosis and reduced liver cancer cells viability.24 
Particularly for colorectal cancer, a study on Wistar rat 
showed that PNL inhibited the development of colorectal 
cancer cells and significantly decreased tumor growth and 
cancer cells’ proliferative marker AgNORs.17 The 
administration of spray-dried extract of PNL combined 
with cisplatin showed a significantly better cytotoxic effect 
on colorectal cancer cells compare to spray-dried extract 
of PNL or cisplatin alone.24 The result of this study 
supports the potential role of PNL as anticancer agent for 
colorectal cancer treatment.  
This clinical trial was conducted on one group and did not 
consider history and maturity factors of colorectal cancer 
cells, which might affect the results. A randomized clinical 
trial needs to be carried out in the future to compare 
maturity and history of colorectal cancer, and to measure 
individual effect of the PNL extract. Moreover, the use of 
crude extract of PNL in this study made it impossible to 
identify the active component that increased granzyme 
expression. A study utilizing a purified extract of PNL is 
warranted to further investigate the bioactive component. 
However, this study still able to elucidate the potential role 
of PNL as immunomodulator for colorectal cancer 
treatment. 

 
CONCLUSION 
Administration of oral daily 100mg PNL extract for 14 
days increased granzyme expression in colorectal cancer 
patients suggesting its potential anticancer activities. This 
study highlights the possibility to carry out a randomized 
clinical trial to assess the effect of PNL extract on clinical 
manifestation or disease progression of colorectal cancer.  
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