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ABSTRACT: 
Clear cell renal cell carcinoma (ccRCC) is the most common type of kidney cancer with high mortality. 

Escalation of T stage associates with worse survival. Proper and significant biomarker examination necessary to 

determine the predictive factor and the opportunity of targeted therapy as well. Upregulated CXCR4 expression 

on cancer cell promotes its aggressive growth, dissemination, metastasis, and conventional therapy resistance. 

Overexpression of CXCR4 may induce MMP-2 activity on tumor cell, an enzyme that degrade extracellular 

matrix and basal membrane particularly, which associated with tumor invasion and metastasis. Those biomarkers 

activity might be advantaged under hypoxic microenvironment in ccRCC. This study aimed to analyze the role 

and correlation of CXCR4 and MMP-2 expression with various T stages in ccRCC. Analytic observational study 

with cross-sectional approach was conducted on 43 formalin-fixed paraffin-embedded tissue of patients 

diagnosed as ccRCC in Anatomical Pathology Laboratory of Dr. Soetomo Hospital throughout January 2015 

until December 2020. CXCR4 and MMP-2 expression were evaluated by immunohistochemistry. Statistical 

analysis with Kruskal-Wallis and Spearman test were utilized to analyze the expression difference and 

correlation. Difference of both CXCR4 (p=0.016) and MMP-2 (p=0.029) expression were obtained on various T 

stages. There was a significant positive correlation between CXCR4 expression (p=0.001) and MMP-2 

expression (p=0.002) with T stage, also between CXCR4 with MMP-2 expression in various T stage of ccRCC 

(p=0.000). In conclusion, this study exhibited that CXCR4 and MMP-2 expression showed synergistic and 

positive correlation with T stage and might be considered as the basis of targeted therapy in ccRCC. 
 

KEYWORDS: Clear cell renal cell carcinoma, CXCR4, MMP-2, T stage, kidney cancer. 
 

 

INTRODUCTION:   
Renal cell carcinoma is a malignant neoplasm originated 

from renal epithelial cells and encompasses more than 

90% of kidney cancer1. This carcinoma comprising 

more than 10 histology and molecular subtypes, which is 

clear cell type is the most common type (80%) and has 

high metastasis propensity to bone, lung, and liver2,3. 

The GLOBOCAN statistic report ranked kidney cancer 

as the 14th most common cancer worldwide, counted for 

431.288 new cases in 2020, and the 9th most common 

cancer in male4.  

Like most of kidney neoplasms, clear cell renal cell 

carcinoma (ccRCC) is more common in men rather in 

women with ratio approximately 2:13,5. 
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The peak age incidence of this malignancy is within 60-

70 years5,6. A study in Indonesia showed that the 

incidence of kidney cancer is 2.4–3 cases in 100.000 

population7. 
 

Morphology characteristic of clear cell renal cell 

carcinoma is rich in lipid and glycogen content, as well 

as high vascularity, indicating that altered fatty acid and 

glucose metabolism is occurred during the development 

of tumor cells1,3. High lipid and glucose content in the 

cytoplasm of tumor cells will lysis during 

histopathology process, resulting a clear to mild 

eosinophilic cytoplasm, thus giving a clear cell 

appearance8. This carcinoma mostly occurred 

sporadically, only 2-4% cases are hereditary. 

Inactivation of von Hippel-Lindau (VHL) gene 

underlying the development of this tumor cells, both in 

sporadic and hereditary cases8,9. Tumor stage is the most 

important parameter affecting survival in ccRCC, 
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followed with tumor grade10,11. Staging of renal cell 

carcinoma refers to WHO/8th edition of AJCC 

(American Joint Committee on Cancer) TNM staging 

system12. T stage is generally based on local extension 

of primary tumor and invasion into the surrounding 

adjacent tissue, consists of stages T1 to T43,11. An 

increase of T stage associated with worse survival, 

recurrency, and prognosis11. 
 

Chemokine is a peptide mediator that involved in 

normal cell development, immune regulation, 

hematopoietic regulation, wound healing process and 

inflammation, however overexpression in cancer cells 

may induce a negative effect. Increased chemokine 

plays a role in facilitating communication between 

cancer cells and neoplastic cells in the tumor 

microenvironment, including endothelial cells, 

fibroblast, neutrophil activation, and tumor-associated 

macrophages13. The chemokine CXCL12 (Chemokine 

C-X-C motif ligand 12) binds to its specific receptor, 

CXCR4 (Chemokine C-X-C motif receptor 4), which 

through various divergent pathways causes chemotaxis, 

thereby, increasing intracellular calcium, cell adhesion, 

cell survival, cell proliferation, and gene transcription14. 

The role of CXCL12/CXCR4 axis is commanded by 

cancer cells to facilitate the spread of CXCR4-

containing tumor cells to highly CXCL12 concentrated 

tissue. The strong expression of CXCR4 in cancer cells 

contributes to tumor growth, invasion, angiogenesis, 

regional lymph node involvement, distant metastasis, 

relapse, and therapy resistance, leading to poor 

outcomes, including in ccRCC15,16. 
 

Loss of VHL protein function in ccRCC will lead 

hypoxia condition in cells and HIF-1α (Hypoxia-

Inducible Factor 1α) accumulation, which will enhance 

CXCR4 expression14,17,18. Overexpression of CXCR4 is 

an important predictive and prognostic factor for disease 

progression, aggressiveness, and metastasis in ccRCC, 

as well as a potential target for anti-cancer therapy15,16,19. 

Overexpression of CXCR4 in cancer cells increase AKT 

and ERK phosphorylation, also induces the expression 

and activity of matrix-metalloproteinases (MMPs) such 

as MMP-220,21,22. 
 

One of the subgroups of MMPs is gelatinase, namely 

matrix metalloproteinase-2 (MMP-2), which plays a role 

in tumor invasion and metastasis by degrading type IV 

collagen, which is a major component of the basement 

membrane and extracellular matrix23. The expression 

and activity of MMP-2 is intensively studied, which 

often increased in human malignancies and positively 

correlated with tumor stage, lymph node involvement, 

increased distant metastasis, and poor prognosis24. 

Increased expression of CXCR4 and MMP-2 in tumor 

cells under VHL protein inactivation resulting in cell 

hypoxia may promote more aggressive tumor 

progression23,25. To date, no study has been published 

regarding the correlation of CXCR4 and MMP-2 

expression in clear cell renal cell carcinoma in 

Indonesia. This study was conducted to analyze the role 

and correlation of those biomarkers in a referral hospital 

in East Java, Indonesia.  
 

MATERIALS AND METHODS: 
Research Design and Sample: 

This analytical observational study was conducted on 

archived formalin-fixed paraffin-embedded tissue 

samples obtained from 43 patients who underwent 

nephrectomy and diagnosed as clear cell renal cell 

carcinoma in Anatomical Pathology Laboratory of Dr. 

Soetomo General Academic Hospital, Surabaya, 

Indonesia, throughout January 2015 until December 

2020. The clinical data comprising patient’s gender and 

age obtained from medical record data. Medical records 

were also reviewed and documented regarding the data 

of tumor size and tumor extension into renal capsule, 

perirenal fat, renal sinus, renal pelvis, major renal vein, 

fascia Gerota, also ipsilateral adrenal gland. The 

pathological parameters in this study were T stage, 

CXCR4 expression and MMP-2 expression. All of the 

H&E-stained slides from each case were reviewed and 

tumors were histologically classified into 4 groups of T 

stage according to WHO/AJCC TNM classification for 

renal carcinoma: T1 (n=6), T2 (n=21), T3 (n=13), and 

T4 (n=3). Expression of CXCR4 and MMP-2 were 

evaluated using immunohistochemistry. Ethical approval 

for this research was issued by Ethics Committee of Dr. 

Soetomo General Academic Hospital, Surabaya, 

Indonesia (Reference number: 

0482/LOE/301.4.2/VI/2021). 
 

Immunohistochemical Staining: 

Immunohistochemical (IHC) staining was performed on 

4-µm-thick, formalin-fixed, paraffin-embedded tissue 

sections using microtome device (Leica Biosystems), 

placed on poly-L-Lysine coated glass slide, placed in 

hotplate (55°C) for 1 hour, left overnight in room 

temperature. Slides were dewaxed with xylenes 3 times, 

5 minutes each, and then rehydrated through a gradual 

concentration series of alcohol, 2 minutes each. Antigen 

retrieval was processed with target retrieval 

solution/sodium citrate buffer in decloaking chamber at 

temperature 90°C for 45 minutes. Endogenous 

peroxidase and non-reactive background staining were 

blocked by 3% H2O2 for 20 minutes at room 

temperature. Primary antibody with CXCR4 monoclonal 

antibody (1:100 dilution, CXCR4 [4G10]: sc-53534, 

Santa Cruz Biotechnology) and MMP-2 monoclonal 

antibody (1:100 dilution, MMP-2 [8B4]: sc-13595, 

Santa Cruz Biotechnology) were applied on all samples 

at 4°C, incubated overnight and then washed in tris-

buffered saline. Secondary antibody was applied using 

biotin-streptavidin-peroxidase kit. A chromogen, 3,3’-
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Diaminobenzidine, then applied for 15 minutes on all 

samples, washed with water, and then counterstained 

with Mayer’s hematoxylin, dehydrated in alcohol 

gradual concentration series, cleared with xylenes, and 

finally mounted. Normal lung alveoli tissue was used for 

positive control of CXCR4 staining. Invasive breast 

carcinoma tissue was used for positive control of MMP-

2 staining.  
 

CXCR4 staining was observed on the cytoplasm, 

membrane, and nucleus of the tumor cells. MMP-2 

staining was observed on the cytoplasm of the tumor 

cells. Both CXCR4 and MMP2 staining on tissue section 

was assessed at least on 1000 tumor cells with the 

highest density cells, using immunoreactive score (IRS) 

which is a semi-quantitative scoring system that 

considering the staining intensity and the extent of 

stained cells, that has been widely accepted and used in 

previous study18,26,27,28,29,30,31. The immunostaining 

intensity was scored as 0 (no staining), 1(weak), 2 

(moderate), and 3(strong). The extent of 

immunostaining was scored as 0 (0%), 1(1% - 10%), 2 

(>10% - 50%), 3(>50% - 80%), and 4(>80%). The final 

immunoreactive score was determined by multiplying 

the intensity score with the extent of positive stained 

cells score. The minimum score is 0 and the maximum 

score is 12. For statistical purpose, final immunoreactive 

score was classified into 4 groups. Score equal to or less 

than 1 was considered as negative, score 2 – 3 was 

considered as weak positive, score 4 – 5 was considered 

as moderate positive, and score 6 or more was 

considered as strong positive. Immunostaining 

evaluation was carried out using Olympus CX41RF light 

microscope at 400x magnification by 2 pathologists who 

were blinded to the patient’s data and stage information, 

and also microscopically recorded using Olympus DP2-

BSW. If scoring discrepancies were found between the 

observers, the slides were reevaluated and final 

interpretation determined. The concordance rate was 

more than 95% between the observers. 
 

Statistical Analysis: 

SPSS version 25.0 (IBM Corporation, Armonk, NY, 

USA) was utilized for all statistical analysis. Kruskal-

Wallis test was used to analyze the expression difference 

of CXCR4 and MMP-2 in various T stages. Spearman’s 

correlation test was used to analyze the correlation of 

CXCR4 expression with various T stages, MMP-2 

expression with various T stages, and CXCR4 

expression with MMP-2 expression in various T stages. 

The significance of those statistical analysis results was 

confirmed when p-value is < 0.05. 
 

RESULTS: 
The patients were ranged from age 29 to 69 years old, 

with the average of patient’s age was 53.60±9.63 years, 

and the highest age group was within 41-50 years group 

interval, amount for 16(37.2%) patients. Male sex was 

the majority against female, 30(69.8%) cases and 13 

(30.2%) cases, respectively, with a ratio 2.3:1. The 

highest distribution of T stage was found on stage T2, 

counted for 21(48.8%) cases, followed by stage T3, T1, 

and T4. The clinicopathological characteristics of the 

samples are shown in Table 1. 
 

Table 1. Characteristic of clinicopathological profile 

Characteristics n (%) 

Age 21 – 30 years 2 (4.7) 

31 – 40 years 0 (0) 

41 – 50 years 16 (37.2) 

51 – 60 years 12 (27.9) 

61 – 70 years 13 (30.2) 

Sex Male 30 (69.8) 

Female 13 (30.2) 

T stage T1 6 (14) 

T2 21 (48.8) 

T3 13 (30.2) 

T4 3 (7) 
 

CXCR4 expression in clear cell renal cell carcinoma:  

CXCR4 expression was found on the cytoplasm, 

membrane, or nucleus of tumor cells. This study 

evaluated the overall staining without differentiating the 

staining location. Tumor with positive strong staining 

showed a strong staining on the cell cytoplasm rather in 

membrane or nucleus (Figure 1).  CXCR4 evaluation 

was carried out with immunoreactive score. Only 2 

(4.7%) cases exhibited a negative CXCR4 expression, 

while 25 (58.1%) cases showed a strong positive 

expression. A significant difference of CXCR4 

expression between various T stages was revealed with 

p-value = 0.016. Spearman correlation test revealed a 

highly significant positive correlation between CXCR4 

expression and various T stages in ccRCC (rs = 0.48, p = 

0.001). Statistical analysis results are shown on Table 2 

and Figure 2.  
 

Table 2. Association between CXCR4 expression and T stage 

 CXCR4 expression p-value a rs 
b p-value b 

Negative  

n (%) 

Weak Positive  

n (%) 

Moderate Positive 

n (%) 

Strong Positive 

n (%) 

T Stage  0.016 

 

0.48 

 

0.001 

 T1 1 (16.7) 2 (33.3) 2 (33.3) 1 (16.7) 

T2 1 (4.8) 2 (9.5) 7 (33.3) 11 (52.4) 

T3 0 (0) 0 (0) 3 (23.1) 10 (76.9) 

T4 0 (0) 0 (0) 0 (0) 3 (100) 

a: Kruskal Wallis test applied, p-value < 0.05 considered as significant. 

b: Spearman correlation test applied, p-value < 0.05 considered as significant. 
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Figure 1: CXCR4 expression on tumor cells of clear cell renal cell 

carcinoma. The tumor cells were stained on cell cytoplasm, 

membrane, or nucleus (IHC, 400x magnification). A). Negative 

expression (IRS score 0 – 1). B). Weak positive expression (black 

arrow) (IRS score 2 – 3). C). Moderate positive expression (IRS 

score 4 – 5). D) Strong positive expression (IRS score ≥ 6) with 

strong cytoplasm staining. Black bar: 50 µm. 
 

 
Figure 2. Statistical analysis diagram of CXCR4 and T stage. A). 

Boxplot diagram of CXCR4 expression difference in various T 

stages. B) Scattered plot diagram of CXCR4 correlation with T 

stage in clear cell renal cell carcinoma. 
 

MMP-2 expression in clear cell renal cell carcinoma: 

MMP-2 expression was found on the cell cytoplasm 

(Figure 3).  MMP-2 evaluation was carried out with 

immunoreactive score. Only 2 (4.7%) cases exhibited a 

negative MMP-2 expression, while 20 (46.5%) cases 

showed a strong positive expression. A significant 

difference of MMP-2 expression between various T 

stages was revealed with p-value = 0.029. Spearman 

correlation test revealed a highly significant positive 

correlation between MMP-2 expression and various T 

stages in ccRCC (rs = 0.46, p = 0.002). Statistical 

analysis results are shown on Table 3 and Figure 4.  

 

 

 
Figure 3: MMP-2 expression on tumor cells of clear cell renal cell 

carcinoma. The tumor cells were stained on cell cytoplasm (IHC, 

400x magnification). A). Negative expression (IRS score 0 – 1). B). 

Weak positive expression (black arrow) (IRS score 2 – 3). C). 

Moderate positive expression (IRS score 4 – 5). D) Strong positive 

expression (IRS score ≥ 6) with strong cytoplasm staining. Black 

bar: 50 µm. 
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Table 3. Association between MMP-2 expression and T stage 

 MMP-2 expression p-value a rs 
b p-value b 

Negative 

n (%) 

Weak Positive 

n (%) 

Moderate Positive 

n (%) 

Strong Positive  

n (%) 

T Stage  0.029 
 

0.46 
 

0.002 
 T1 1 (16.7) 2 (33.3) 2 (33.3) 1 (16.7) 

T2 1 (4.8) 6 (28.6) 7 (33.3) 7 (33.3) 

T3 0 (0) 2 (15.4) 2 (15.4) 9 (69.2) 

T4 0 (0) 0 (0) 0 (0) 3 (100) 

a: Kruskal Wallis test applied, p-value < 0.05 considered as significant. 

b: Spearman correlation  
test applied, p-value < 0.05 considered as significant. 

 

 
Figure 4: Statistical analysis diagram of MMP-2 and T stage. A). 

Boxplot diagram of MMP-2 expression difference in various T 

stages. B) Scattered plot diagram of MMP-2 correlation with T 

stage in clear cell renal cell carcinoma. 

 

Correlation between CXCR4 and MMP-2 expression 

in various T stages of clear cell renal cell carcinoma  

A highly significant positive correlation was revealed 

between CXCR4 and MMP-2 expression in various T 

stages of clear cell renal cell carcinoma (rs = 0.79, p = 

0.000). Statistical analysis results are shown on Table 4.  

 
Table 4. Spearman’s correlation test result of association between 

CXCR4 expression and MMP-2 expression in clear cell renal cell 

carcinoma 

  MMP-2 expression 

CXCR4 expression rs 0.79 

p 0.000 

n 43 

 

DISCUSSION: 
The total number of clear cell renal cell carcinoma cases 

within 6 years in this study was 43 patients. The average 

age of patients was 53.6 years, this result was different 

with previous investigation in America that obtained 64 

years as the average patient’s age5, but slightly closer to 

previous study in Indonesia which found the highest age 

range of kidney cancer is between 51 – 65 years 

interval32. Most of ccRCC patients in this study was 

male (69.8%) and ratio male to female was 2.3:1. This 

finding is consistent with earlier investigations3,5,32. The 

risk factors may be due to smoking habits, excessive 

alcohol consumption, hypertension, and occupational 

exposure to trichloroethylene industrial materials which 

are more common in men3,5.  
 

Surveillance, Epidemiology, and End Results (SEER) 

data showed that most kidney cancer patients present 

with local stage conditions (65%), namely T1-T2 or 

TNM stage I-II11. This study found almost the same 

result, that the distribution of the most patients was in 

the T2 group (48.8%) and when combining T1 and T2, 

62.8% of cases will be obtained. The classic symptoms 

of kidney cancer such as hematuria and low back pain at 

flank region are likely to prompt patients to seek 

medical attention. 
 

Expression of CXCR4 in this study evaluated on all T 

stages of ccRCC, that stained on cell cytoplasm, 

membrane, or nucleus. Evaluation of CXCR4 count the 

overall staining without differentiate the staining 

location, however the majority staining located on cell 

cytoplasm or membrane and only a few samples stained 

on nucleus. Tumors with strong positive CXCR4 

expression appeared to stain strongly on the cytoplasm 

of the tumor cells, compared to tumors with moderate or 

weak expression. The result of difference analysis 

showed that there was a significant difference of 

CXCR4 expression with various T stages, where as an 

increase in CXCR4 expression was synergistic with an 

increase in T stage. Only 4.7% cases exhibited a 

negative CXCR4 expression, while 95.3% showed 

positive expression and 58.1% cases showed a strong 

positive expression.  
 

Previous study by Zagzag et al., was in line to this study 

which found that the majority of kidney cancer samples 

showed staining on the cytoplasm, only few samples on 

the nucleus and membrane18,33. On the other hand, a 

study by An et al., found that CXCR4 staining was 

predominantly on the nucleus of ccRCC cells and its 

expression correlate with tumor size34. Wang et al., 

found that renal cell carcinoma A-498 cells showed 

CXCR4 expression on the cell surface, 30-60 minutes 

after the cells were stimulated with CXCL12 resulted in 

rapidly loss cell surface expression, but its expression 

was completely diffused on cytoplasm and nucleus after 
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24 hours35. CXCR4 expression was found in 65.4% of 

ccRCC patients, with 36.8% of patients showing strong 

immunoreactivity and associated with a poor 

prognosis19. The results of this study, however, differ 

from study by Floranovic et al., who found that the 

positive expression of CXCR4 in both cytoplasm and 

tumor cell showed no difference with larger tumor size 

and tumor grade34,36. 

 

VHL protein has the capacity to degrade HIF under 

normal oxygenation conditions37, resulting in HIF-

dependent activation of CXCR438. Another study 

showed that high expression of CXCR4 was found in the 

nucleus, cytoplasm, and tumor cell membranes that did 

not undergo necrosis in ccRCC, both in tumors with 

hereditary VHL syndrome and sporadically. Vascular 

cells in these tumors also express CXCR4. This suggests 

that the VHL-HIF-1 pathway regulates the expression of 

CXCR4 and its ligands. Hypoxia increases the 

expression of CXCR4 through the activation of HIF-1 in 

monocytes, macrophages, endothelium and cancer cells. 

These findings suggest that involvement of CXCR4 and 

CXCL12 occurs via autocrine and/or intracrine 

mechanisms18,39.  

 

This study exhibited a highly significant correlation 

between CXCR4 expression and T stage. The 

CXCR4/CXCL12 axis has a critical role in therapy 

resistance in various ways, one of them is by directly 

causing survival, invasion of cancer cells and 

proliferation of tumor cells, further attracting bone 

marrow-derived myeloid cells which indirectly facilitate 

tumor recurrence and metastasis, and cause 

angiogenesis40,41,42. The result of this study is in line 

with the study by Balshy et al., that found strong 

positive expression of CXCR4 was associated with an 

increase in tumor size43. Study by An et al., who 

assessed the correlation of CXCR4 expression with 

tumor size and tumor necrosis in ccRCC found that there 

was a positive correlation between CXCR4 expression 

with primary tumor size and tumor necrosis, supporting 

that CXCR4 expression could influence tumor growth34. 

Wehler et al., found in their study that CXCR4 

expression was correlated with T stage in renal cell 

carcinoma, where the researchers divided stage T into 2 

groups, namely T1-2 and T3-433. Otherwise, a study by 

D'Alterio et al., found that there was no correlation 

between CXCR4 expression and T stage in renal cell 

carcinoma44.  

 

The role of CXCR4 in tumor growth initiation was 

confirmed by the role of CXCR4 antagonists that can 

inhibit tumor growth in several orthotopic experimental 

and subcutaneous human xenografts45,46,47,48. It supports 

the opportunity for targeted anti-CXCR4 therapy in 

various malignancies, such as low molecular weight 

CXCR4 antagonist AMD3100 (Plerixafor) which 

continues developed in the trial phase on various 

cancers42,49,50. 

 

The expression of MMP-2 in this study was observed in 

the four groups of T stages in ccRCC. Tumors with 

strong positive expression of MMP-2 were stained 

strongly on the cell cytoplasm. Only 4.7% cases 

exhibited a negative CXCR4 expression, while 95.3% 

showed positive expression and 46.5% cases showed a 

strong positive expression. All (100%) samples of stage 

T4 exhibited a strong positive expression whereas 

among stage T1 and T2 groups still showed a negative 

expression. A significant MMP-2 expression difference 

was obtained in various T stages. Some cases in this 

study showed stronger MMP-2 expression in tumor 

peripheral area that invaded the adjacent connective 

tissue stroma, compared to the central area of the tumor. 

This finding was in line with the literature which states 

that the integrity of the extracellular matrix surrounding 

tumor cells affects the behavior of the tumor and if 

disturbed, it can facilitate local invasion and distant 

metastatic spread51. Study by Kurban et al., found that 

highly invasive renal cell carcinoma with VHL 

inactivation showed increased levels and activity of 

MMP-252.  

 

A significant correlation between MMP-2 expression 

and T stage was found in this study. In contrast with a 

study on renal cell carcinoma by Kallakury et al., that 

found no correlation of MMP-2 expression with 

advanced stages (T3 and T4)54. Study by Ahmad et al., 

using body serum with the ELISA method also showed 

no correlation between MMP-2 expression and tumor 

size in renal cell carcinoma55. Nonetheless, this study is 

in line with melanoma research which found that MMP-

2 expression was associated with tumor progression both 

primary and metastatic tumors53. Moreover, study in 

prostate cancer found that MMP-2 was expressed by 

tumor cells in 70% of cases and by stromal cells around 

the tumor in 75.9% of cases, which associated with 

Gleason score, T stage, and decreased disease-free 

survival56. Study in colorectal adenocarcinoma also 

shown a highly significant correlation between MMP-2 

expression and T stage57. 

 

MMP-2 plays an important role in kidney cancer 

growth, which predominantly degrades basement 

membrane components. The extracellular matrix 

supports tumor cell localization, facilitating 

communication between tumor cells and their stroma. 

The interaction between the VHL/HIF protein signaling 

axis and the activated kinase linkage results in 

aberrations in the extracellular matrix leading to tumor 

progression and invasion51,58. Regulation of the 

extracellular matrix in renal cell carcinoma occurs 
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through both HIF-dependent and HIF-independent 

pathways. Loss of VHL will result in downregulation of 

intercellular connective proteins that will contribute to 

increased motility and tumor cell invasion52. A positive 

correlation between strong MMP-2 expression and T 

stage in ccRCC can be used as a basis for second-line 

therapy of ccRCC after conventional therapy, such as 

chemotherapy or radiation with MMPs inhibitors such as 

Marastat and BMS-275291, or anti-MMP-2 VHH-29 

which is recently being developed59,60,61. 

 

A highly significant positive correlation between 

CXCR4 expression and MMP-2 expression was found in 

this study. This is consistent with the literature which 

states that increased expression of CXCR4 and MMP-2 

in tumor cells in pVHL inactivation condition, can 

increase the potential for more aggressive tumor 

progression and metastasis dissemination25. Studies in 

ccRCC by Struckmann et al., with ccRCC 786-O VHL-

null strain showed a strong relationship between CXCR4 

and MMP-2. CXCR4 expression was found very strong 

in 786-O VHL-null tumor cells, with CXCR4 

distribution mainly on the cell surface. MMP-2 

expression was also found abundantly in 786-O cells. 

MMP-2 expression was found higher than MMP-9 

expression in ccRCC tumor cells. Restoration of VHL 

function in these tumor cells showed a loss of 

CXCR4/CXCL12 expression as well as MMP-2/MMP-9 

expression23. The results of previous studies are in line 

with this first study in Indonesia in analyzing the 

correlation of CXCR4 and MMP-2 in ccRCC, which 

statistical test results revealed a highly significant 

positive correlation between CXCR4 and MMP-2 

expression at various T stages of ccRCC. This confirms 

the theory that VHL protein inactivation that occurred in 

most ccRCCs may promote a strong positive expression 

of CXCR4 and MMP-2, which will synergize with the 

proliferation, survival, growth, and migration of invasive 

tumor cells that will impact a worse prognosis. 

 

CONCLUSION: 
The strong positive expression of CXCR4 and MMP2 

are significant biomarkers of T stage in clear cell renal 

cell carcinoma. This study exhibited that CXCR4 and 

MMP-2 expression showed synergistic and positive 

correlation with T stage of clear cell renal cell 

carcinoma. The correlation of CXCR4 and MMP-2 

overexpression with high T stage in clear cell renal cell 

carcinoma can be considered as the basis of targeted 

therapy. 

 

ACKNOWLEDGEMENTS: 
The author expresses the gratitude to the Dean of 

Faculty of Medicine, Universitas Airlangga for the 

opportunity given to fulfil the specialist doctor education 

program and carry out this research, which is a part of 

the renal cell carcinoma research tree of anatomical 

pathology research group. The author also expresses the 

gratitude to all lecturers in Department of Anatomical 

Pathology, Faculty of Medicine, Universitas Airlangga, 

Indonesia. We thank Dr. Budi Utomo, dr., M.Kes. in the 

statistical analysis. 

 

CONFLICT OF INTEREST: 
The author declares no conflict of interest. 

 

REFERENCES: 
1. Dharmawan MA, Ansori ANM, Dian FA, Probojati RT, Tamam 

MB, Kharisma VD. Vaccine construction for human papilloma 
virus (HPV) type 16 and 18 Infection using in silico approach to 

combat cervical cancer. Genbinesia Journal of Biology. 2021; 

1(1): 13-22. 
2. Padala, S.A., Barsouk, A., Thandra K.C., Saginala, K., 

Mohammed, A., Vakiti, A., Rawla, P., and Barsouk, A. 2020. 

‘Epidemiology of renal cell carcinoma’. World J Oncol, 11(3), pp. 
79–87. doi:10. 14740/ wjon1279 

3. Hakimi, A.A., Reznik, E., Lee, C., Creighton, C.J., Brannon, A.R., 
Luna, A., Aksoy, B.A., Liu, E.M., Shen, R., Lee, W., Chen, Y., 

Stirdivant, S.M., Russo, P., Chen, Y., Tickoo, S.K., Reuter, V.E., 

Cheng, E.H., Sander, C., and Hsieh, J.J. 2016. ‘An integrated 
metabolic atlas of clear cell renal cell carcinoma’. Cancer Cell, 

29(1), pp.104-116. doi: 10.1016/j.ccell.201512.004 

4. GLOBOCAN. 2020. ‘The global cancer observatory: cancer 
today’. Lyon, France: World Health Organization International 

Agency for Research on Cancer (IARC). https://gco.iarc.fr/today. 

Accessed March 2, 2021. 
5. Hsieh, J.J., Purdue, M.P., Signoretti, S., Swanton, C., Albiges, L., 

Schmidinger, M., Heng, D.Y., Larkin, J., and Ficarra, V. 2017. 

‘Renal cell carcinoma’. Nat Rev Dis Primers 3, 17009(1). doi: 
10.1038/nrdp.2017.9 

6. Bergstrom, A., Hsieh, J.J., Lindbald, P., Lu, C.M, Cook, N.R., and 

Wolk, A. 2001. ‘Obesity and renal cell cancer-a quantitative 
review’. Br J Cancer, 85(7), pp. 984-990. doi: 

10.1054/bjoc.2001.2040 

7. Ferlay, J., Steliarova-Foucher, E., Lortet-Tieulent, J., Rosso, C., 
Coebergh, J.W.W., Comber, H., Forman, D., and Bray, F. 2013. 

‘Cancer incidence and mortality patterns in Europe: estimates for 

40 countries in 2012’. Eur J Cancer, 49(6), pp. 1374-1403. doi: 
10.1016/j.ejca.2012.12.027 

8. Rini, B.I., Campbell, S.C., and Escudier, B. 2009. ‘Renal cell 

carcinoma’. Lancet, 373, pp. 1119-32. doi: 10.1016/S0140-

6736(09)60229-4 

9. Brugarolas, J. 2014. ‘Molecular genetics of clear-cell renal cell 

carcinoma’. J Clin Oncol, 32(18), pp.1968-1976. doi: 
10.1200/JCO.2012.45.2003 

10. Erdogan, F., Demirel, A., and Polat, O. 2004. ‘Prognostic 

significance of morphologic parameters in renal cell carcinoma’. 
Int J Clin Pract, 58(4), pp. 333-336. doi: 10.1111/j.1368-

5031.2004.00008.x 

11. Taneja, K. and Williamson, S.R. 2018. ‘Updates in pathologic 
staging and histologic grading of renal cell carcinoma’. Surgical 

Pathology Clinics, 11(4), pp.797-812. doi: 

10.1016/j.path.2018.07.004 
12. Rini, B.I., McKieman, J.M., and Chang, S.S. 2017. ‘Kidney’. 

AJCC cancer staging manual. 8th ed. Switzerland: Springer, 

pp.739-48. 
13. Lombardi, L., Tavano, F., Morellia, F., Latiano, T.P., Sebastiano, 

P.D., and Maiello, E. 2013. ‘Chemokine receptor CXCR4: Role in 

gastrointestinal cancer’. Critical Reviews in 
Oncology/Hematology, 88(3), pp.696–705. doi: 

10.1016/j.critrevonc.2013.08.005 

14. Chatterjee, S., Azad, B.B., and Nimmagadda, S. 2014. ‘Chapter 
two-The intricate role of CXCR4 in cancer’. Advances in Cancer 



Research J. Pharm. and Tech. 16(2): February 2023 
 

 

 828 

Research, 124, pp.31-82. doi:10.1016/B978-0-12-411638-
2.00002-1 

15. Richard, C.L., Tan, E.Y., and Blay, J. 2006. ‘Adenosine 

upregulates CXCR4 and enhances the proliferative and migratory 
responses of human carcinoma cells to CXCL12/SDF-1α’. Int. J. 

Cancer, 119(9), pp. 2044-53. doi: 10.1002/ijc.22084 

16. Rasti, A., Abolhasani, M., Zanjani L, S., Asgari, M., Mehrazma, 
M., and Madjd, Z. 2017. ‘Reduced expression of CXCR4, a novel 

renal cancer stem cell marker, is associated with high-grade renal 

cell carcinoma. J Cancer Res Clin Oncol, 143, pp. 95-104. doi: 
10.1007/s00432-016-2239-8 

17. Staller, P., Sulitkova, J., Lisztwan, J., Moch, H., Oakeley, E.J., 

and Krek, W. 2003. ‘Chemokine receptor CXCR4 downregulated 
by von Hippel-Lindau tumour suppressor pVHL’. Nature, 

425(6955), pp. 307-11.  doi: 10.1038/nature01874 

18. Zagzag, D., Krishnamachary, B., Yee, H., Okuyama, H., 
Chiriboga, L., Ali, M.A., Melamed, J., and Semenza, G.L. 2005. 

‘Stromal cell-derived factor-1α and CXCR4 expression in 

hemangioblastoma and clear cell-renal cell carcinoma: von 
Hippel-Lindau loss-of-function induces expression of a ligand and 

its receptor’. Cancer Res, 65(14), pp.6178-6188. doi: 

10.1158/0008-5472.CAN-04-4406 
19. Li, G., Badin, G., Zhao, A., Gentil-Perret, A., Tostain, J., Peoc’h, 

M., and Gigante, M. 2013. ‘Prognostic value of CXCR4 
expression in patients with clear cell renal cell carcinoma’. 

Histology and Histopathology, 28(9), pp.1217–1222. 

20. Scotton, C.J., Wilson, J.L., Milliken, D., Stamp, G., and Balkwill, 
F.R. 2001. ‘Epithelial cancer cell migration’. Cancer Res, 61(13), 

pp. 4961-65. 

21. Ghosh, M.C., Makena, P.S., Gorantla, V., Sinclair, S.E., and 
Waters, C.M. 2012. ‘CXCR4 regulates migration of lung alveolar 

epithelial cells through activation of Rac1 and matrix 

metalloproteinase-2’. Am J Physiol Lung Cell Mol Physiol, 302, 
pp. L846-L856. doi:10.1152/ajplung.00321.2011 

22. Zhu, X., Bai, Q., Lu, Y., Lu, Y., Zhu, L., Zhou, X., and Wu, L. 

2016. ‘Expression and function of CXCL12/CXCR4/CXCR7 in 
thyroid cancer’. International Journal of Oncology, 48(6), 

pp.2321-2329. doi:0.3892/ijo.2016.3485 

23. Struckmann, K., Mertz, K., Steu, S., Storz, M., Staller, P., Krek, 
W., Schraml, P., and Moch, H. 2008. ‘pVHL co-ordinately 

regulates CXCR4/CXCL12 and MMP2/MMP9 expression in 

human clear-cell renal cell carcinoma’. The Journal of Pathology, 
214(4), 464-71. doi: 10.1002/path.2310 

24. Hua, H., Li, M., Luo, T., Yin, Y., and Jiang, Y. 2011. ‘Matrix 

metalloproteinases in tumorigenesis: an evolving paradigm’. Cell. 
Mol. Life Sci., 68, pp.3853–3868. doi: 10.1007/s00018-011-0763-

x 

25. Sleightholm, R.L., Neilsen, B.K., Li, J., Steele, M.M., Singh, 

R.K., Hollingsworth, M.A., and Oupicky, D. 2017. ‘Emerging 

roles of the CXCL12/CXCR4 axis in pancreatic cancer 

progression and therapy’. Pharmacology & Therapeutics, 179, 
pp.158–170. doi: 10.1016/j.pharmthera.2017.05.012 

26. Akashi, T., Koizumi, K., Tsuneyama, K., Saiki, I., Takano, Y., 

and Fuse, H. 2008. ‘Chemokine receptor CXCR4 expression and 
prognosis in patients with metastatic prostate cancer’. Cancer 

Science, 99(3), pp.539–542. doi:10.1111/j.1349-

7006.2007.00712.x 
27. Sun, Y., Mao, X., Fan, C., Liu, C., Guo, A., Guan, S., JIn, Q., Li, 

B., Yao, F., and Jin, F. 2014. ‘CXCL12-CXCR4 axis promotes the 

natural selection of breast cancer cell metastasis’. Tumor Biol., 35, 
pp.7765–7773. doi:10.1007/s13277-014-1816-1 

28. Ottaiano, A., Santorsola, M., Del Prete, P., Perri, F., Scala, S., 

Caraglia, M., and Nasti, G. 2021. ’Prognostic significance of 
CXCR4 in colorectal cancer: An updated meta-analysis and 

critical appraisal’. Cancers, 13, pp. 3284. 

doi:10.3390/cancers13133284 
29. Guntarno, N.C., Rahaju, A.S., and Kurniasari, N. 2021. ‘The role 

of MMP-9 and VEGF in the invasion state of bladder urothelial 

carcinoma’. Indones Biomed, 13(1), pp.61-67. doi: 
10.18585/inabj.v13i1.1348 

30. Hambalie, L.A., Rahaju, A.S., and Mastutik, G. 2021. ‘The 
correlation of EMMPRIN and EGFR overexpression toward 

muscle invasiveness in urothelial carcinoma of bladder’. Indian 

Journal of forensic medicine & toxicology, 15(2), pp.2709-2715. 
31. Ramadhani, V.Y., Rahaju, A.S., and Kurniasari, N. 2021. ‘The 

role of EMPPRIN in perirenal fat invasion clear cell renal cell 

carcinoma’. Indian Journal of Forensic Medicine & Toxicology, 
15(1), pp.1633-1639. 

32. Hamid, A.R.A.H., Umbas, R., Oka, A.A.G., Mochtar, C.A., 

Djatisoesanto, W., Soedarso, M.A., Safriadi, F., Danarto, H.R., 
Warli, S.M., Ali, A.Z., Seputra, K.P., Sihombing, A.T., and 

Hakim, L. 2019. Pedoman Tata Laksana Kanker Ginjal. 2nd ed. 

DKI Jakarta: Ikatan Ahli Urologi Indonesia (IAUI). 
33. Wehler, T.C., Graf, C., Biesterfeld, S., Brenner, W., Schadt, J., 

Gockel, I., Berger, M.R., Thüroff, J.W., Galle, P.R., Moehler, M., 

and Schimanski, C.C. 2008. ‘Strong expression of chemokine 
receptor CXCR4 by renal cell carcinoma correlates with advanced 

disease’. Journal of Oncology, ID 626340, pp.1-6. 

doi:10.1155/2008/626340 
34. An, H., Xu, L., Zhu, Y., Lv, T., Liu, W., Liu, Y., Liu, H., Chen, 

L., Xu, J., and Lin, Z. 2014. ‘High CXC chemokine receptor 4 

expression is an adverse prognostic factor in patients with clear-
cell renal cell carcinoma’. Br J Cancer, 110, pp. 2261–2268. doi: 

10.1038/bjc.2014.179 
35. Wang, L., Wang, Z., Yang, B., Yang, Q., Wang, L., and Sun, Y. 

2009. ‘CXCR4 nuclear localization follows binding of its ligand 

SDF-1 and occurs in metastatic but not primary renal cell 
carcinoma’. Oncology Reports, 22, pp.1333-1339. 

https://doi.org/10.3892/or_00000572 

36. Floranović, M.P., Petrović, A.R., Veličković, F., and Veličković, 
L.J. 2021. ‘Expression and prognostic value of 

CXCL12/CXCR4/CXCR7 axis in clear cell renal cell carcinoma’. 

Clin Exp Nephrol, 25, pp.1057–1069. doi:10.1007/s10157-021-
02081-0 

37. Octavianda, Y. and Rahaju, A.S. 2018. ‘Increased HIF-1α and 

VEGF expression found in various T stages of clear cell renal cell 
carcinoma’. Folia Medica Indonesiana, 54(2), pp.102-107. doi: 

10.20473/fmi.v54i2.8858 

38. Du, Y., Long, Q., Guan, B., and Mu, L. 2015. ‘Prognostic value of 
high CXCR4 expression in renal cell carcinoma: A system review 

and meta-analysis’. Disease Markers, 2015(568980). doi: 

10.1155/2015/568980 
39. Bachelder, R.E., Wendt, M.A., and Mercurio, A.M. 2002. 

‘Vascular endothelial growth factor promotes breast carcinoma 

invasion in an autocrine manner by regulating the chemokine 
receptor CXCR4’. Cancer Res, 62(24), pp. 7203-7206. 

40. Teicher, B.A. and Fricker, P.S. 2010. ‘CXCL12(SDF-1)/CXCR4 

pathway in cancer’. Clin Cancer Res, 16(11), pp. 2927-2931. doi: 

10.1158/1078-0432.CCR-09-2329 

41. Duda, D.G., Kozin, S.V., Kirkpatrick, N.D., Xu, L., Fukumura, 

D., and Jain, R.K. 2011. ‘CXCL12 (SDF1α)-CXCR4/CXCR7 
pathway inhibition: An emerging sensitizer for anticancer 

therapies?’. Clin Cancer Res, 17(8), pp.2074 -2080. doi: 

10.1158/1078-0432.CCR-10-2636  
42. Santagata, S., Ieranò, C., Trotta, A.M., Capiluongo, A., Auletta, 

F., Guardascione, G., and Scala, S. 2021. ‘CXCR4 and CXCR7 

signaling pathways: A focus 83 on the cross-talk between cancer 
cells and tumor microenvironment’. Oncol, 11, pp.591386. 

doi:10.3389/fonc.2021.591386 

43. Balshy, A.E.E., Maksoud, A.A.E., Sawi, R.E., and Nagieb, Y. 
2021. ‘Significance of CXC chemokine receptor 4 (CXCR4) in 

Renal Cell Carcinoma’. Benha Medical Journal, 38(6), pp.73-91. 

doi: 10.21608/bmfj.2020.125160  
44. D’Alterio, C., Cindolo, L., Portella, L., Polimeno, M., Consales, 

C., Riccio, A., Cioffi, M., Franco, R., Chiodini, P., Cartenì, G., 

Mirone, V., Longo, N., Marra, L., Perdonà, S., Claudio, L., 
Mascolo, M., Staibano, S., Falsaperla, M., Puglisi, M., 

Martignoni, G., Ficarra, V., Castello, G., and Scala, S. 2010a. 

‘Differential role of CD133 and CXCR4 in renal cell carcinoma’. 
Cell Cycle, 9(22), pp.4492-4500. doi: 10.4161/cc.9.22.13680 



Research J. Pharm. and Tech. 16(2): February 2023 
 

 

 829 

45. Smith, M.C., Luker, K.E., Garbow, J.R., Prior, J.L., Jackson, E., 
Piwnica-Worms, D., and Luker, G.D. 2004. ‘CXCR4 regulates 

growth of both primary and metastatic breast cancer’. Cancer Res, 

64(23), pp.8604–8612 
46. De Falco, V., Guarino, V., Avilla, E., Castellone, M.D., Salerno, 

P., Salvatore, G., Faviana, P., Basolo, F., Santoro, M., and 

Melillo, R.M. 2007. ‘Biological role and potential therapeutic 
targeting of the chemokine receptor CXCR4 in undifferentiated 

thyroid cancer’. Cancer Res, 67(24), pp.11821-11829. doi: 

10.1158/0008-5472.CAN-07-0899 
47. Porvasnik, S., Sakamoto, N., Kusmartsev, S., Eruslanov, E., Kim, 

W.J., Cao, W., Urbanek, C., Wong, D., Goodison, S., and Rosser, 

C.J. 2009. ‘Effects of CXCR4 antagonist CTCE-9908 on prostate 
tumor growth’. Prostate, 69(13), pp.1460–1469. 

doi:10.1002/pros.21008 

48. Cho, K.S., Yoon, S.J., Lee, J.Y., Cho, N.H., Choi, Y.D., Song, 
Y.S., and Hong, S.J. 2013. ‘Inhibition of tumor growth and 

histopathological changes following treatment with a chemokine 

receptor CXCR4 antagonist in a prostate cancer xenograft model’. 
Oncol Lett, 6(4), 933–938. 

49. De Clercq, E. 2010. ‘Recent advances on the use of the CXCR4 

antagonist plerixafor (AMD3100, MozobilTM) and potential of 
other CXCR4 antagonists as stem cell mobilizers’. Pharmacology 

& Therapeutics, 128(3), pp.509–518. doi: 
10.1016/j.pharmthera.2010.08.009 

50. Fricker, S.P., Anastassov, V., Cox, J., Darkes, M.C., Grujic, O., 

Idzan, S.R., Labrecque, J., Lau, G., Mosi, R.M., Nelson, K.L., 
Qin, L., Santucci, Z., and Wong, R.S.Y. 2006. ‘Characterization 

of the molecular pharmacology of AMD3100: A specific 

antagonist of the G-protein coupled chemokine receptor, CXCR4’. 
Biochemical Pharmacology, 72(5), pp.588–596. 

doi:10.1016/j.bcp.2006.05.010 

51. Rosadi I, Karina K, Kharisma VD, Ansori ANM. L-ascorbic acid-
2-phosphate and fibrin substrate enhances the chondrogenic 

differentiation of human adipose-derived stem cells. Progress in 

Stem Cell. 2021; 8(2): 310-317. 
52. Kurban, G., Hudon, V., Duplan, E, Ohh, M., Pause, A. 2006. 

‘Characterization of a von Hippel Lindau pathway involved in 

extracellular matrix remodeling, cell invasion, and angiogenesis’. 
Cancer Res 66, pp. 1313–1319. doi: 10.158/0008-5472.CAN-05-

2560 

53. Rotte, A., Martinka, M., and Li, G. 2012. ‘MMP2 expression is a 
prognostic marker for primary melanoma patients’. Cell Oncol, 

35, pp.207-216. doi: 10.1007/s13402-012-0080-x 

54. Kallakury, B.V., Karikehalli, S., Haholu, A., Sheehan, C.E., Ami, 
N., and Ross, J.S. 2001. ‘Increased expression of matrix 

metalloproteinases 2 and 9 and tissue inhibitors of 

metalloproteinases 1 and 2 correlate with poor prognostic 

variables in renal cell carcinoma’. Clin Cancer Res, 7, pp. 3113–

3119. 

55. Ahmad, S., Singh, V., Sinha, R.J., Srivastava, A., and Mandhani, 
A. 2018. ‘Role of MMP-2, MMP-9 and VEGF as serum 

biomarker in early prognosis of renal cell carcinoma’. African 

Journal of Urology, 24, pp.255-263. doi: 
10.1016/j.afju.2018.09.003 

56. Trudel, D., Fradet, Y., Meyer, F., Harel., F., and Tetu, B. 2003. 

‘Significance of MMP-2 expression in prostate cancer: an 
immunohistochemical study’. Cancer Research, 63, pp.8511-8515. 

57. Fatimah, S., Rahaju, A.S., and Rahniayu, A. 2021. ‘Role of 

Claudin-4 and Matrix Metalloproteinase-2 in tumor invasion of 
colorectal adenocarcinoma’. Research J. Pharm. and Tech., 14(9), 

pp.4795-4800. doi: 10.52711/0974-360X.2021.00834 

58. Nagase, H., Visse, R., and Murphy, G. 2006. ‘Structure and 
function of matrix metalloproteinases and TIMPs’. Cardiovasc 

Res, 69(3), pp. 562–573. doi: 10.1016/j.cardiores.2005.12.002 

59. Miller, K.D., Saphner, T.J., Waterhouse, D.M., Chen, T.-T., Rush-
Taylor, A., Sparano, J.A., Wolff, A.C., Cobleigh, M.A., Galbraith, 

S., and Sledge, G.W. 2004. ‘A randomized phase II feasibility trial 

of BMS-275291 in patients with early breast cancer’. Clin Cancer 
Res, 10(6), pp.1971-1975. doi: 10.1158/1078-0432.CCR-03-0968 

60. Leighl, N.B., Paz-Ares, L., Douillard, J.-Y., Peschel, C., Arnold, 
A., Depierre, A., Santoro, A., Betticher, D.C., Gatzemeier, U., 

Jassem, J., Crawford, J., Tu, D., Bezjak, A., Humphrey, J.S., Voi, 

M., Galbraith, S., Hann, K., Seymour, L., and Shepherd, F.A. 
2005. ‘Randomized phase III study of matrix metalloproteinase 

inhibitor BMS-275291 in combination with paclitaxel and 

carboplatin in advanced non-small-cell lung cancer: National 
cancer institute of Canada-clinical trials group study BR.18’. J 

Clin Oncol, 23, pp.2831-2839. doi: 10.1200/JCO.2005.04.044 

61. Widyananda MH, Pratama SK, Samoedra RS, Sari FN, Kharisma 
VD, Ansori ANM, Antonius Y. Molecular docking study of sea 

urchin (Arbacia lixula) peptides as multi-target inhibitor for non-

small cell lung cancer (NSCLC) associated proteins. J Pharm 
Pharmacogn Res. 2021; 9(4): 484-96. 

62. Ramadhani NF, Nugraha AP, Ihsan IS, Agung YA, Rantam FA, 

Ernawati DS, Ridwan RD, Narmada IB, Ansori AN, Hayaza S, 
Noor TN. Gingival medicinal signaling cells conditioned medium 

effect on the osteoclast and osteoblast number in 

lipopolysaccharide-induced calvaria bone resorption in wistar rats’ 
(Rattus novergicus). Research Journal of Pharmacy and 

Technology. 2021; 14(10): 5232-7. 

63. Frayyeh, A.H., Salman, E.D., and Melconian, A.K. 2019. 
‘Elevated serum level of CXCR4 in breast cancer women’. 

Research J. Pharm. and Tech., 12(8), pp. 3833-3838. 
64. Fadholly A, Ansori AN, Proboningrat A, Nugraha AP, Iskandar 

RP, Rantam FA, Sudjarwo SA. Apoptosis of hela cells via 

caspase-3 expression induced by chitosan-based nanoparticles of 
Annona squamosa leaf extract: In vitro study. Indian J. Pharm. 

Educ. Res. 2020; 54(2): 416-22. 

65. Fadholly A, Ansori AN, Susilo RJ, Nugraha AP. Daphne genkwa 
sieb. et zucc. as anticancer of oral squamous cell carcinoma: A 

systematic review. Biochemical and Cellular Archives. 2020; 20: 

2849-55. 
66. Proboningrat A, Ansori AN, Fadholly A, Putri N, Kusala MK, 

Achmad AB. First report on the cytotoxicity of Pinus merkusii 

bark extract in WiDr, A human colon carcinoma cell line. 
Research Journal of Pharmacy and Technology. 2021; 14(3): 

1685-8. 

67. Pandey, P., and Kar, P.K. 2013. ‘Assessment of suitability of 
methods used in the diagnosis of carcinomas’. Research J. 

Pharmacology and Pharmacodynamics, 5(2), pp. 98-100. 

68. Proboningrat A, Jayanti S, Fadholly A, Ansori AN, Putri N, 
Kusala MK, Sudjarwo SA, Rantam FA, Achmad AB. The 

cytotoxicity of ethanolic extract of Allium cepa L. on hela cell 

lines. Research Journal of Pharmacy and Technology. 2021; 
14(9): 4969-72. 

69. Fadholly A, Ansori AN, Jayanti S, Proboningrat A, Kusala MK, 

Putri N, Rantam FA, Sudjarwo SA. Cytotoxic effect of Allium 

cepa L. extract on human colon cancer (WiDr) cells: in vitro 

study. Research Journal of Pharmacy and Technology. 2019; 

12(7): 3483-6. 
70. Fadholly A, Ansori ANM, Utomo B. Anticancer effect of naringin 

on human colon cancer (widr cells): In vitro study. Research 

Journal of Pharmacy and Technology. 2022; 15(2):885-8. doi: 
10.52711/0974-360X.2022.00148 

 



CiteScore

1.3 =

Calculated on 05 May, 2023

CiteScoreTracker 2023

1.4 =

Last updated on 05 April, 2024 • Updated monthly

Source details

Research Journal of Pharmacy and Technology
Scopus coverage years: 1997, 2005, from 2011 to Present

Publisher: A and V Publication

ISSN: 0974-3618 E-ISSN: 0974-360X

Subject area: Pharmacology, Toxicology and Pharmaceutics: Pharmacology, Toxicology and Pharmaceutics (miscellaneous)

Medicine: Pharmacology (medical)

Source type: Journal

 View all documents ▻  Set document alert  Save to source list

CiteScore 2022

1.3


SJR 2022

0.267


SNIP 2022

0.680


CiteScore CiteScore rank & trend Scopus content coverage

i Improved CiteScore methodology

CiteScore 2022 counts the citations received in 2019-2022 to articles, reviews, conference papers, book chapters and data

papers published in 2019-2022, and divides this by the number of publications published in 2019-2022.  ▻Learn more

×

2022


4,962 Citations 2019 - 2022

3,848 Documents 2019 - 2022



5,685 Citations to date

4,021 Documents to date

CiteScore rank 2022

Category Rank Percentile

Pharmacology,
Toxicology and
Pharmaceutics

 
#17/32 48th

 

Medicine  
#188/260 27th

 



Pharmacology,
Toxicology and
Pharmaceutics
(miscellaneous)

Pharmacology

 ▻View CiteScore methodology  ▻CiteScore FAQ  🔗Add CiteScore to your site

Brought to you by Airlangga University

https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/source/citedby.uri?sourceId=21100197160&docType=ar,re,cp,dp,ch&citedYear=2023,2022,2021,2020&years=2023,2022,2021,2020&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=21100197160&years=2023,2022,2021,2020&docType=ar,re,cp,dp,ch&pubstageExclusions=aip
https://www.scopus.com/standard/help.uri?topic=14880
http://www.lib.unair.ac.id/
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=sourceinfo&display=basic


Research Journal of Pharmacy and Technology

COUNTRY

India



SUBJECT AREA AND CATEGORY

Medicine

Pharmacology, Toxicology and
Pharmaceutics

PUBLISHER

A and V Publication



H-INDEX

47

PUBLICATION TYPE

Journals

ISSN

0974360X, 09743618

COVERAGE

1997, 2005, 2011-2021

INFORMATION

Homepage

How to publish in this journal

editor.rjpt@gmail.com

SCOPE

Research Journal of Pharmacy and Technology (RJPT) is an international, peer-reviewed, multidisciplinary journal, devoted to pharmaceutical sciences. The
aim of RJPT is to increase the impact of pharmaceutical research both in academia and industry, with strong emphasis on quality and originality. RJPT
publishes Original Research Articles, Short Communications, Review Articles in all areas of pharmaceutical sciences from the discovery of a drug up to
clinical evaluation. Topics covered are: Pharmaceutics and Pharmacokinetics; Pharmaceutical chemistry including medicinal and analytical chemistry;
Pharmacognosy including herbal products standardization and Phytochemistry; Pharmacology: Allied sciences including drug regulatory affairs,
Pharmaceutical Marketing, Pharmaceutical Microbiology, Pharmaceutical biochemistry, Pharmaceutical Education and Hospital Pharmacy.

Universities and research
institutions in India

Pharmacology (medical)

Pharmacology, Toxicology and
Pharmaceutics
(miscellaneous)

https://www.scimagojr.com/journalrank.php?country=IN
https://www.scimagojr.com/journalrank.php?area=2700
https://www.scimagojr.com/journalrank.php?area=3000
https://www.scimagojr.com/journalsearch.php?q=A%20and%20V%20Publication&tip=pub
http://rjptonline.org/
http://rjptonline.org/Instructions.aspx
mailto:editor.rjpt@gmail.com
https://www.scimagoir.com/rankings.php?country=IND
https://www.scimagojr.com/journalrank.php?category=2736
https://www.scimagojr.com/journalrank.php?category=3001


SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It measures
the scientific influence of the average article in a journal,
it expresses how central to the global scientific
discussion an average article of the journal is.

Y SJR

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable and
non citable documents.

Year Documents
1999 0
2000 0
2005 2
2006 0
2007 0

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.000
Cites / Doc. (4 years) 2000 0.000
Cites / Doc. (4 years) 2005 0.000
Cites / Doc. (4 years) 2006 0.000
Cites / Doc. (4 years) 2007 0.000
Cites / Doc. (4 years) 2008 0.000
Cites / Doc. (4 years) 2011 0.000
Cites / Doc. (4 years) 2012 0.058
Cites / Doc. (4 years) 2013 0.146
Cites / Doc. (4 years) 2014 0.149
Cites / Doc. (4 years) 2015 0.126
Cites / Doc. (4 years) 2016 0.118
Cites / Doc. (4 years) 2017 0.153

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
Self Cites 1999 0
Self Cites 2000 0
S lf Cit 2005 0

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

Cites Year Value
External Cites per document 1999 0.000
External Cites per document 2000 0 000

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 0
2000 0
2005 50.00

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value
Non-citable documents 1999 0
Non-citable documents 2000 0
N it bl d t 2005 0

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 1999 1
Uncited documents 2000 1
Uncited documents 2005 0
Uncited documents 2006 2
Uncited documents 2007 2

% Female Authors

Evolution of the percentage of female authors.

Year Female Percent
1999 0.00
2000 0.00
2005 50.00
2006 0.00
2007 0.00
2008 0.00

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public
policy documents according to Overton database.

Documents Year Value
Overton 1999 0
Overton 2000 0
Overton 2005 0
Overton 2006 0
Overton 2007 0
Overton 2008 0

Documents related to SDGs (UN)

Evoution of the number of documents related to
Sustainable Development Goals defined by United
Nations. Available from 2018 onwards.

Documents Year Value
SDG 2018 308
SDG 2019 296
SDG 2020 280
SDG 2021 375
SDG 2022 327

Show this widget in your
own website

Just copy the code below and
paste within your html code:

<a href="https://www.scimag

1999 2002 2005 2008 2011 2014 2017 2020 2023

0.08

0.16

0.24

0.32

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

600

1.2k

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

0.4

0.8

1.2

1.6

2

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

2k

4k

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

0.7

1.4

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

25

50

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

2k

4k

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

2k

4k

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

25

50

1999 2002 2005 2008 2011 2014 2017 2020 2023

0

2018 2019 2020 2021 2022 2023

250

300

350

400




