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ABSTRAK  

Pendahuluan: Karsinoma payudara merupakan keganasan paling sering pada perempuan. 

Jenis yang tersering adalah karsinoma (duktal) invasif tipe tidak khas. Prognosis pada 

karsinoma payudara dipengaruhi oleh banyak faktor, diantaranya usia, ukuran, derajat 

histologis dan metastasis limfonodi. Salah satu faktor prognosis yang berperan dalam 

perkembangan dan metastasis dari karsinoma payudara adalah kemokin reseptor CXCR4 

dengan ligannya CXCL12. Penelitian tentang ekspresi CXCR4 pada karsinoma (duktal) 

invasif payudara dihubungkan dengan aspek klinikopatologi masih belum jelas. Penelitian 

ini bertujuan mengetahui perbedaan tingkat ekspresi mRNA CXCR4 antara berbagai aspek 

klinikopatologi pada karsinoma payudara invasif. 

Metode: Sampel adalah blok parafin dari jaringan karsinoma payudara (duktal) invasif tipe 

tidak khas sejumlah 50, dibagi menjadi kelompok-kelompok yaitu dengan dan tanpa 

metastasis limfonodi, usia < 45 tahun dan > 45 tahun, ukuran kecil dan besar, derajat 

histologi baik dan buruk . Ekspresi mRNA CXCR4 diperiksa secara kuantitatif dengan 

metode qRT-PCR. Perbedaan ekspresi mRNA CXCR4 antara berbagai aspek 

klinikopatologi dianalisis dengan T-test atau Kruskal-Wallis. 

Hasil: Dari 50 sampel yang diteliti didapatkan 26 sampel (52%) dengan peningkatan 

ekspresi mRNA CXCR4 dibandingkan jaringan normal. Tidak didapatkan perbedaan 

bermakna ekspresi mRNA CXCR4 antara berbagai aspek klinikopatologi (> 0.05) seperti 

status metastasis pada limfonodi, derajat histologi, ukuran tumor dan usia penderita.  

Namun demikian ekspresi mRNA CXCR4 meningkat pada karsinoma payudara apabila 

dibandingkan dengan jaringan payudara normal. Meskipun demikian, tingkat ekspresi 

CXCR4 secara tunggal tidak berhubungan dengan aspek klinikopatologi pada karsinoma 

payudara invasif. 

Kesimpulan: Ekspresi mRNA CXCR4 tidak berbeda bermakna antara berbagai aspek 

klinikopatologi pada karsinoma payudara invasif. 

 

Kata Kunci: karsinoma payudara invasive; ekspresi mRNA CXCR4; aspek 

klinikopatologi. 

 

 

ABSTRACT 

Introduction: Breast cancer is the most common malignancy in women of which majority 

histological type is Invasive (Ductal) Carcinoma of No Special Type (NST). The prognosis 

in breast carcinoma is influenced by many factors such as age, tumor size, degree of 

histology, and lymph node metastasis. Another factor in the development and metastasis of 

breast cancer is the chemokine receptor CXCR4 and its ligand, CXCL12. Studies state that 

the expression of CXCR4 in Breast Invasive Carcinoma associated with clinicopathologic 

aspects remain unclear. This study aims to determine differences in the level of CXCR4 

mRNA expression between clinicopathologic aspects in breast carcinoma. 
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Methods: A total of 50 samples of formalin-fixed paraffin-embedded (FFPE) tissues 

diagnosed as invasive breast carcinoma (NST) are used in this study. Samples are divided 

into groups, namely with and without lymph node metastasis, age <45 years and> 45 

years, small and large size, low grade and high grade. CXCR4 mRNA expression is 

quantitatively examined by qRT-PCR. CXCR4 mRNA expression differences between 

various clinicopathologic aspects were analyzed by T-test or Kruskal-Wallis. 

Results: Of the 50 samples, 26 samples (52%) revealed increased expression of CXCR4 

mRNA compared to normal tissue. There were no significant differences in mRNA 

expression of  CXCR4 between various prognostic factors (p> 0.05) such as the status of 

lymph node metastasis, histologic grading, size, and age. However, the expression of 

CXCR4 mRNA is increased in breast carcinoma when compared to normal breast tissue. 

Nonetheless the level of CXCR4 expression alone is not associated to clinicopathologic 

aspects in invasive breast carcinoma. 

Conclusion: CXCR4 mRNA expression did not differ significantly between the various 

clinicopathological aspects of invasive breast carcinoma. 

 

Keyword: invasive breast carcinoma; mRNA of CXCR4; clinicopathologic aspects. 

 

 
 

INTRODUCTION 

Breast carcinoma is the most common 

malignancy in women. The incidence is about 

23% of all malignancies in women in 

developed countries and increasing in 

developing countries1,2. Currently more than 

half the incidence of breast cancer occurs in 

developing countries2,3. The most common 

histologic type of breast cancer is invasive 

(ductal) carcinoma of no special type (NST)1. 

The prognosis in breast carcinoma is 

strongly influenced by age, menopausal 

status, tumor size, lymph node metastasis, 

histological grade and tumor stage at 

diagnosis1. Breast carcinoma has a favorable 

prognosis when diagnosed early, whereas in 

metastatic cases the mortality rate is very 

high. The five-year survival rate in patients 

with localized breast carcinoma is around 

90% and decreased dramatically to 20% if it 

has metastasized4. 

Metastasis is the multistep and multi 

factorial process that includes many factors5,6. 

The process begins with local invasion in 

primary organ followed by intravasation of 

tumor cells into blood or lymph vessels, 

following blood or lymph flow, then by 

extravasation, the tumor cells undergo 

proliferation and colonization in new site. One 

of the factors that play a role in the tumor 

growth and metastasis is chemokine 

CXCR44,7. 

CXCR4 is a G protein-coupled 

receptors that bind chemokines CXCL12, a 

chemoattractant, that functions in the 

activation, differentiation and cell circulation. 

The interaction of CXCR4 and CXCL12 plays 

a role in the process of angiogenesis, 

proliferation, apoptosis and metastasis of 

tumor cells4,7. CXCR4 gene expression can be 

examined semi quantitatively using 

immunohistochemical techniques (IHC) or 

quantitatively using qRT PCR technique 

(Quantitative Real Time PCR)8,9. From 

existing, CXCR4 is associated with poor 

prognosis in breast carcinoma9–11. However, 

studies of CXCR4 in association with 

clinicopathological aspects, especially 

metastatic status in invasive breast carcinoma 

remain unclear. This Study is aimed to 

investigate the association between 

CXCR4 mRNA expression and metastatic 

status in invasive breast carcinoma. The 

study of CXCR4 expression in invasive breast 

carcinoma can further guide in determining 

prognosis and "molecularly targeted therapy" 

especially in the metastatic ones. This study 
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aims to see variations within the level of 

CXCR4 mRNA expression between 

clinicopathologic aspects in breast malignant 

neoplastic disease.  

MATERIAL AND METHOD 

Study Design and Subject 

A cross-sectional study was performed 

between September 2015 until December 

2016. A total of 50 formalin-fixed paraffin-

embedded (FFPE) tissue samples of breast 

cancer which met the inclusion criteria 

obtained from the government hospital and 

private laboratories in Yogyakarta. The 

inclusion criteria include women, radical 

mastectomy procedure with lymph nodes, 

invasive breast carcinoma of no special type, 

no residual or recurrent case. The samples 

used consisted of 25 samples with lymph node 

metastasis and 25 samples without lymph 

node metastasis. Normal breast tissue is used 

as normal control. The data of lymph node 

status, tumor size, histologic grade, and age of 

the patient were secondarily collected from 

medical record. CXCR4 mRNA expression 

was obtained from qRT PCR examination. 

 

RNA Extraction 

RNA extraction and qRT-PCR process 

was performed in Anatomic Pathology 

laboratory, Faculty of Medicine, Universitas 

Gadjah Mada. Total RNA Mini Kit (Tissue) 

Protocol was used for RNA extraction. The 

protocol included sample preparation, cell 

lysis, RNA binding, washing, and RNA 

Elution. Samples prepared by cutting paraffin 

blocks with microtome in 7µ of thickness of 

as much as 5-8 pieces. Deparaffinization is 

then performed by adding a solution of  xylol 

followed by absolute ethanol. Cell lysis is 

performed by adding 400µl of RB Buffer and 

4 µl of β-mercaptoethanol into tissue pellet. 

400 µl of 70% ethanol prepared in ddH2O 

(RNase and DNase-free) is used for RNA 

Binding. Washing step is performed by 

adding Wash Buffer (make sure ethanol was 

added). This process is repeated three times. 

Next is the addition of 50 µl of RNase-free 

water followed by centrifugation at 14.000 

rpm for 1 minute to elute the purified RNA. 

Purified RNA are kept at -70 oC. 

 

PCR Analysis 

RNA amplification and PCR analysis 

was performed using One-Step qRT-PCR 

protocol. The composition of each component 

used are as follows: 6.4 µl of PCR-grade 

water, 10 µl KAPA SYBR FAST qPCR 

Master Mix, 0.4 µl deoxyuridine triphosphate, 

0.4 µl Forward Primer (GAPDHF atau 

CXCR4 F), 0.4 µl Reverse Primer (GAPDHR 

atau CXCR4 R), 0.4µl KAPA RT Mix and 

2µl Template RNA. Primers used to make 

standard GAPDH and CXCR4 are presented 

in Table 1. 

 

Table 1. GAPDH and CXCR4 primer sequences 

  Forward Primer Reverse Primer 

GAPDH 5’-GCA TCC 

TGG GCT ACA 

CTG AG-3’ 

5’-TCC ACC 

ACC CTG TTG 

CTG TA-3’ 

CXCR 4 5’-AGC ATG 

ACG GAC AAG 

TAC C-3’ 

5’-GAT GAT 

ATG GAC 

ACC CTT 

ACA.C3 

 

Program of Real Time PCR following 

cycling protocol are presented in Table 2 

using a DT lite Real-Time PCR System 

(DNA-Technology). 

 

Table 2. Cycling Protocol of RT-PCR 

Step Temp Duratio

n 

cycl

es 

Reverse 

Transcription 

42 oC 5 min - 

Enzyme inactivation 95 oC 3 min - 

Denaturation 95 oC 3 sec 40 

Annealing/extension

/dara acquisition 

60 oC ≥20 sec 40 
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RT PCR results in the form of a graph 

and number which is then converted into 

expression value using a formula as shown 

below: 

CXCR expression  : 2(-δδCT) 

δCT  : PCR score of CXCR4 –PCR Score 

GAPDH 

δδCT: δCT sample – δCT normal tissue 

 

Statistical Analysis 

The data obtained were statistically 

processed to find differences of CXCR4 

mRNA expression level between variables. 

The normally distributed data were analyzed 

using T-test and non-normally distributed data 

were analyzed using Mann-Whitney U Test or 

Kruskal-Wallis Test. All data analysis were 

performed in SPSS version 21 (IBM). A p-

value< 0.05 was considered statistically 

significant. 

The ethical problem that may arise in 

this study is the confidentiality of the patient's 

identity. In this study, the data to be submitted 

was in the form of a code without mentioning 

the name and laboratory number of the 

research subject. The identity will be 

converted into a code according to each 

group. 

The ethical clearance letter issued by 

Medical and Health Research Ethics 

Committe (MHREC) Faculty of Medicine 

Gadjah Mada University  with Ref number: 

KE / FK / 210 / EC / 2015. 

RESULT 

Fifty samples of breast cancer FFPE 

tissues are used in this study. The samples 

were divided into two groups, as many as 25 

samples with axillary lymph node metastases 

and 25 samples without metastatic lymph 

nodes. Of the 25 samples with metastatic 

lymphnodes, 13 samples were from private 

laboratory while the rest were from the 

government hospital. Of the 25 tissue samples 

without metastasis, 12 samples were from 

private lab and the rest were from the 

government hospital. Normal breast tissue 

from government hospital was used as normal 

control.  

Of the 50 samples obtained, there were 

26 samples (52%) which revealed increased 

expression of CXCR4 mRNA compared to 

normal tissue. The samples which produce 

higher level of expression both for group with 

(10 of 12 samples) and without lymph node 

metastasis (11 of 13 samples) were derived 

from government hospital tissues. These 

results are in contrast with samples coming 

from private laboratories where only 2 of  13 

samples had high expression in the group with 

lymph node metastasis and 4 of 12 samples in 

the group without lymph node metastasis. 

This study also obtained three samples with 

very high CXCR4 expression (more than 

1000) in non-metastatic group compared to 

the normal control  (36.4). (data not shown) 

There were no significant differences 

betweenCXCR4 mRNA expression level with 

respect to lymph node status, tumor size, 

histologic grade, as well as age of patient 

observed in this study (table3).  

 
Table 3. Clinical Featuresand CXCR4 mRNA 

Expression 

Variable CXCR4 p (sig) 

lymph node status  

  

  

negative 

(n=25) 

36,75 (5,27-

3326,98) 

0.907 (NS) 

positive 

(n=25) 

29,85 (2,14-

388,02) 

Tumor size  

  

  

  

T1 (n=2) 

71,83 (6,49-

137,18) 

0,756(NS) 

T2 (n=19) 

39,39 (2,14-

1351,17) 

T3 (n=29) 

29,85 (4,28-

3326,98) 

Grade  

  

  

1 (n=0)     

2 (n=9) 1,65 (0,99) 0.99(NS) 

  3 (n=41) 1,65 (0.65)   
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Age 

  

  

≤ 45 y 1,51 (0,51) 0,41(NS) 

> 45 y 1,70 (0,78)   

DISCUSSION 

Various biological markers have been 

used as marker for prognosis and treatment of 

breast cancer. Currently the most commonly 

used marker in breast cancer is hormonal 

receptors such as ER, PR, and Her21. Other 

markers that are currently being researched 

and developed is chemokine receptor. 

Chemokines are chemotactic molecules which 

play role in inflammatory process, immune 

system, and also plays a role in tumor 

progression. Several studies have proven the 

role of chemokines in determining the 

tendency and sites of tumor metastasis4. 

This study discusses mRNA expression 

of CXCR4 associated with clinicopathological 

aspects especially metastatic status. qRT-PCR 

method is used to assess the level of CXCR4 

mRNA expression quantitatively. qRT-PCR 

examination using formalin-fixed paraffin-

embedded (FFPE) is routinely used and the 

results are quite satisfactory. Although the 

expression of mRNA from FFPE is lower than 

fresh tissue (without fixation), but recent 

studies showed accurate value in qRT-PCR 

using FFPE(12–14). Since the frozen sample 

is limited and requires a large area thus the 

use of FFPE for qRT PCR examination 

become a solution15. Factors that should be 

considered in qRT-PCR  examination using 

FFPE include: 

Formalin used is a buffer with normal 

pH because the acidic conditions can lead to 

degradation of mRNA15.  

1. Time fixation from tissue obtained is 

immediately after removal from the 

bodies to prevent autolysis process13,16. 

2. Optimal fixation time is 12-48 hours, 

because in some studies revealed 

decreasing mRNA expression after fixed 

more than 24 hours13,15,17. 

3. Temperature and storage time of FFPE. 

Storage temperature should be 4 ° C with 

a storage time of no more than one year, 

although this is still being debated13,15. 

In this study, the level of expression of 

CXCR4 mRNA were higher in tissues derived 

from hospital compared to tissues derived 

from a private lab. It is possible because 

private laboratories receiving tissue from 

different areas with different types and 

duration of fixation which may affect mRNA 

expression. The use of non-buffered formaline 

and delayed tissue fixation also decreased 

mRNA expression as experienced byprivate 

laboratories who does not have facilities as 

complete as government hospitals. 

In this study, the level of CXCR4 

mRNA expression between breast cancer with 

lymph node metastasis and without metastasis 

were not significantly different. This is 

consistent with several studies that have been 

done before where the expression of CXCR4  

was not associated with incidence of lymph 

node metastasis however is more associated 

with a poor prognosis10,18. Moreover in some 

studies CXCR4 expression in the breast is 

associated with bone metastasis18,19,20. This 

may be due to CXCR4 needs its ligands, 

namely CXCL12, wherein the difference in 

expression levels of CXCL12 between 

primary organ and sites of metastasis has an 

important role for metastasis6,8,11,21,22. Existing 

studies revealed that CXCL12 expression 

have more roles in the process of metastasis 

than CXCR4 expression21,22. As the study 

conducted by Wei Wu et al stated the 

significant difference between the levels of 

CXCL12 in primary organs and lymph nodes, 

while tumors with low CXCL12 levels at the 

primary organ and high levels at the lymph 

nodes have a tendency to metastasize22.  Even 

the study about ovarian tumor has proven that 

CXCL12 can be used as a predictive factor of 

metastasis while CXCR4 cannot23. According 
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to Hassan et al, mortality of breast cancer 

increases in patients with both high expression 

of CXCR4  in the tumor and low CXCL12 in 

the plasma compared to the increase CXCR4  

in tumor alone or lower CXCL12 level in the 

plasma alone11. 

Nevertheless, several other studies have 

the opposite results where the expression of 

CXCR4 is associated with lymph node 

metastasis in breast cancer9,24,25. Although 

there is association between the increased 

expression of CXCR4 with incidence of 

lymph node metastasis, they convey varying  

results. A study by Kato et al found 

significant differences in the expression of 

CXCR4 protein via IHC staining on the 

expression pattern and the number of lymph 

nodes, although there was no significant 

difference between the groups with and 

without metastasis of lymph node 

metastasis24. Variations of the expression 

pattern and vague cut-off point made it 

difficult to certainly conclude the role of 

CXCR4 in breast carcinoma using 

immunohistochemistry21. 

The process of metastasis is a complex 

process influenced by many factors26,27,28,29. 

Pretranscription and posttranscription factors, 

epigenetic changes, and microenvironment 

greatly affec the expression of CXCR4. 

Normal tissue cells such as fibroblasts and 

endothelial cells express CXCR4 albeit in 

smaller amounts when compared with tumor 

tissue30,31. In addition, the hypoxic conditions 

in primary tumor can lead to increased 

expression of CXCR47,29. This may can 

explain why there are three samples of breast 

cancer without lymph node metastasis have 

CXCR4 mRNA expression levels were very 

high. After exploring the patient history, two 

of the three samples obtained had undergone 

neoadjuvant chemotherapy. Chemotherapy 

causes cells undergo hypoxia and necrosis4. 

On the other hand hypoxic conditions 

triggered tumor cells to increase the 

expression of CXCR4. Subsequently hypoxic 

conditions will trigger cancer cells to express 

CXCR4 binding to CXCL12 endothelial cells 

involved in angiogenesis and migration of 

cancer cells into the bloodstream7,29,32. 

Nevertheless, the increased expression of 

CXCR4 alone without the support of other 

micro environment factors are not enough to 

cause metastasis. 

Prognostic factors such as size, grading 

or age appear not directly related to the level 

of CXCR4 expression. This is in line with 

previous studies that revealed CXCR4 

expression was not directly related to the 

clinicopathological features such as age, age 

and tumor size9,21,24. 

Hypoxic conditions is greatly 

influenced by the size and histological grade 

of the tumor. The larger the size and the 

degree of histological tumor would cause 

cancer cells susceptible to hypoxic conditions, 

which in turn triggers the process of 

angiogenesis and metastasis. Younger age in 

breast cancer is also associated with poorer 

prognosis because it deals with higher 

progressivity. But in study there has been no 

significant difference in mRNA expression 

levels of CXCR4 in all three 

clinicopathological aspects above which is in 

line with other existing research. This is 

possible because the complexity of 

environmental factors and processes that 

counfound the influence so that CXCR4 

expression alone can not be used as the sole 

predicting factor. 

Although this study found no 

significant association between CXCR4 

mRNA expression with clinicopathological 

features in breast carcinoma, the role of 

CXCR4 on the breast should not be ignored. 

The administration of drug that inhibits the 

expression of CXCR4 proved to inhibit 

metastasis when given with chemotherapy33. 

This is possible because the administration of 

an antagonist of CXCR4 can inhibit CXCR4-

CXCL12 binding that plays a role in the 
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progression, invasion and metastasis of 

tumors 7,32,34. 

This study has several limitations. One 

of them is limited clinical information from a 

sample in which the status of distant 

metastases (lung, bone, liver and other tissues) 

is unknown. So it is still possible samples 

without lymph node metastasis with higher 

expression of CXCR4 mRNA have 

metastasized to other organs. Sample 

variations and pre-analytic conditions such as 

type and duration of fixation can not be 

controlled because samples came from a wide 

area and diverse handling system so that it can 

affect the level of expression of CXCR4 

mRNA. In this study, the samples used are not 

separated between the tumor tissue and 

surrounding tissue which can affect the 

outcome, even though it has been minimized 

by using the controls of normal breast tissue 

as a correction factor. 

CONCLUSION 

From this study we can conclude that 

CXCR4 mRNA expression was not associated 

with clinicopathological features of invasive 

(ductal) carcinoma NST. There were 

increased expression of CXCR4 mRNA in 

tumor tissue compared to normal breast tissue. 
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