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Abstract 

Background: Nowadays long non-coding RNAs are known as interesting functional part of 

the transcriptome. LncRNA SNHG6 was reported to be expressed more in breast cancer 

tissues than non-tumor ones. As a frequent cancer among women, breast cancer treatment 

needs applied biomarkers for fast prognosis and diagnosis. SNHG6 RNA and its splice 

variants could be considered as molecular biomarkers for the breast cancer well-timed 

treatment. 

Methods: RNA extraction from 35 breast cancer tissues and their relative non-tumor tissues 

was done and cDNAs of the RNAs were synthesized and then RT-qPCR was performed. 

Relative expression of SNHG6 202 and 203 was studied in breast cancer samples. 

Results: The expression patterns of SNHG6 202 and 203 variants were different. Difference 

in the expression pattern of SNHG6 202 was significantly remarkable in relation to the HER2 

status of tumor samples. SNHG6 203 was expressed in tumor and non-tumor tissues 

differentially and the expression difference was significant. Also, this transcript exhibited 

significant expression difference in different stages of the studied breast tumor samples.  

Conclusion: It could be stated that SNHG6 203 transcript might be considered as a prognostic 

and staging biomarker in breast cancer studies and treatment. 
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Introduction 

In comparison to the past, long non-coding RNAs are 

considered as an important functional part of the transcriptome. 

These transcripts are proved as key regulators of cell functions. 

LncRNAs are involved in cell cycle progression, apoptosis, cell 

migration, cell senescence, epithelial to mesenchymal transition 

and cell viability (1-6). Some lncRNAs contribute to cell cycle 

progression and apoptosis, so they have the potentiality to 

participate in cancer progression. In fact, many lncRNAs are 

expressed more in cancerous tissues than their adjacent non-

cancerous ones. For example, ANRIL, as a well-known 

lncRNA, is up-regulated in nasopharyngeal tumor tissues than 

non-cancerous ones (7). Up-regulation of these transcripts in 

tumor tissues than non-tumor ones can be applied for well-
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timed treatment of cancers. Small nucleolar RNA host gene 6 

(SNHG6), as a controversial long non-coding RNA, has been 

featured recently. This transcript has a special sequence in its 

gene. SNHG6 gene has snord87 sequence in its body, which is 

a small nucleolar RNA (snoRNA). Small nucleolar RNAs 

modify rRNAs chemically for maturation (8-10). The process 

of rRNA modification leads to maturation of the rRNAs which 

is critical for ribosome biogenesis (11-14). Ribosomes are 

translation apparatus and could play important roles in 

carcinogenesis (15-17). SNHG6 gene contains one snoRNA 

sequence in its body and  transcription of SNHG6 gene in 

cancer cells might affect the fate of the mentioned  cells which 

express it (18). 

Long non-coding RNA splice variants could have an 

important role in carcinogenesis (19). So, we decided to study 

two splice variants of SNHG6 gene. In this research, we 

investigated the expression pattern of SNHG6 202 and SNHG6 

203 in 70 breast tumor tissues and their relative non-tumor 

adjacent tissues. 

This study aimed to introduce a new molecular biomarker 

as a contributory factor for more accurate prognosis and staging 

of the breast cancer.  

 

Material and Methods 

Patients and specimens 

The tumor and non-tumor tissues of 35 breast cancer 

patients were collected from Iran National Tumor Bank and 

they were stored in liquid nitrogen. The ethical committee of 

the Kerman Graduate University of Advanced Technology 

approved the procedure of experiments. Also, the written 

informed consent of patients was received from Iran National 

Tumor Bank.    

 

RNA extraction 

For every tissue, RNA extraction was performed according 

to the Rnx plus manufacturer’s instructions. The RNA pellet 

was dissolved in 30 µl of RNAase free water. The quality and 

quantity of the extracted RNAs were assessed by agarose gel 

electrophoresis and nano-drop instrument, respectively. 

 

cDNA synthesizing  

According to the thermo fisher scientific (fermentas) 

manufacturer’s instructions, 1 µg of the extracted RNAs was 

considered for synthesizing of cDNA. The cDNA synthesizing 

procedure is shown in Table1 briefly.  

Table 1. The steps and conditions of cDNA synthesizing 

DNAase treatment 
1µl DNAase enzyme +1µl buffer + 1µg RNA + up to 10 µl 

nuclease free water 
37°c 30 minutes 

DNAase inactivation 1µl EDTA 50mM 65°c 10 minutes 

Random hexamer addition 1µl random hexamer 65°c 5   minutes 

RT complex addition 

(1µl Reverse transcriptase enzyme, 4 µl Reverse transcriptase 

enzyme buffer, 2 µl dntp mix and 0.5 µl RNAase inhibitor) 

 

25°c 

42°c 

10 minutes 

60 minutes 

RT enzyme inactivation  72°c 10 minutes 
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RT-qPCR 

Relative expression of the studied variants was evaluated 

by ABI real time PCR instrument. The expression data of the 

variants were normalized by β actin as a housekeeping gene. 

RT-qPCR was carried out in 10µl reaction. 0.5 µl of template, 

0.5µl of reverse and forward primers and 5 µl of YTA qPCR 

master mix were mixed and nuclease free water was added up 

to 10 µl. The sequences of the primers are shown in Table 2, 

and thermal cycles of qPCR were performed based on Table 3.  

 

Table 2. Sequences of applied primers  

 Forward primer Reverse primer 

β Actin ACTCTCTTCCAGCCTTCCTTCCT ACTGACAGCACTGTGTTGGCGTA 

SNHG6 203 GAGTGCCTAAGAGCTGTCTTCC GCCGCGTGATCCTAGTAGTT 

SNHG6 202 CCAGTGCTTTGCAGTCAGGATTC GCCGCGTGATCCTAGTAGTT 

 

Table 3. qPCR conditions of SNHG6 203 and 202 

 Initial denaturation Denaturation in cycles Annealing and extension 

SNHG6 203   95°c for 40 sec 95°c for 5 sec    62°c for 40 sec 

SNHG6 202   95°c for 40 sec 95°c for 5 sec    62°c for 40 sec 

 

Statistical analysis  

The normalized relative expression of SNHG6 202 and 203 

were analyzed by unpaired T test and the significance level was 

considered at P<0.05. To determine the specificity and 

sensitivity of SNHG6 203 as a molecular biomarker, ROC 

curve analyses were carried out. P value < 0.05 was considered 

as statistically significant. Graphpad prism version 6 software 

was applied for statistical analysis. 

 

Results  

The expression patterns of SNHG6 202 and 203 in HER2 

status of the tumor samples were different 

Studying the expression of the two SNHG6 splice variants 

in breast tumor tissues in HER2 status revealed that the 

expression patterns of these splice variants were reverse. 

SNHG6 202 expression was more in HER2 positive breast 

tumor samples than HER2 negative ones.  on the other hand, 

the variant of 203 demonstrated more expression level in HER2 

negative samples than positive ones (Figure 1).  

 

 

Figure 1. SNHG6 202 was expressed in HER2 positive breast tumor 

samples more than HER2 negative ones. On the other hand SNHG6 

203 was expressed in HER2 negative breast tumor samples more than 

positive ones.  
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SNHG6 203 expression in P53 negative tumors was more 

than positive ones 

The expression level of SNHG6 203 variant was higher in 

P53 negative breast tumors than P53 positive ones (Figure2). 

SNHG6 202 splice variant demonstrated a similar expression 

pattern, but the difference was not significant. 

 

Figure 2. SNHG6 203 was expressed in P53 negative breast tumor 

tissues more than P53 positive ones. 

 

Progesterone negative breast tumor samples had a higher 

expression level of SNHG6 203 than positive ones 

Assessment of SNHG6 203 expression in progesterone 

receptor status of the samples showed that variant 203 was 

expressed in progesterone negative tumors more than positive 

ones (Figure 3). SNHG6 203 had higher expression in 

progesterone negative breast tumors, although variant of 202 

was expressed in progesterone positive tumors more than 

negative ones, but the difference was not significant.  

 

 

 

 

Figure 3. progesterone negative breast tumor samples had more 

expression of SNHG6 203 than progesterone positive ones. 

 

SNHG6 203 was expressed in breast tumor tissues more 

than non-cancerous ones  

SNHG6 203 was expressed significantly in breast tumor 

tissues than non-cancerous ones (Figure 4). Significant 

difference was not observed for variant 202. Additionally, ROC 

curve analysis of tumor and non-cancerous tissues 

demonstrated that SNHG6 203 had a significant AUC = 0.74 

(p = 0.027) (Figure 5). 

 

 

Figure 4. Higher expression of SNHG6 203 in breast tumor samples 

than non-cancerous ones was proved by RT-qPCR.   



Journal of Kerman University of Medical Sciences 2019, Vol. 26, Issue 4 

257 

 

Figure 5. ROC-curve analysis of SNHG6 203 expression for cancerous 

and non-cancerous breast tissues demonstrated SNHG6 203 has high 

specificity and sensitivity as a tumor biomarker.  

 

SNHG6 203 had more expression in high stage breast 

tumors than low stage ones 

SNHG6 203 variant expression in high stage breast tumors 

was greater than low stage ones (Figure 6). It was contrary to 

non-significant data that we gained for SNHG6 202 variant. 

The ROC curve analysis of different stages (high and low 

stages) of breast tumors declared a significant (p = 0.007) AUC 

for SNHG6 203 transcript (Figure 7). 

 

 

Figure 6. SNHG6 203 was expressed more in high stages breast 

tumors than low stage ones. 

 

 

 

Figure 7. ROC-curve analysis of SNHG6 203 expression for high and 

low stages of breast tumor tissues showed this transcript has high 

specificity and sensitivity for breast cancer staging. 

 

Discussion 

RNA splicing as a molecular mechanism causes diversity 

in RNAs which are long enough. Expression of some long non-

coding RNAs splice variants by some cells could alter fate of 

them (19-21). SNHG6 as an oncogene transcript (18,22,23) has 

five splice variants.  

SNHG6 203 as a SNHG6 gene variant has not been studied 

in breast cancer yet. SNHG6 203 has been proved as an 

oncogenic variant of SNHG6 gene in hepatocellular carcinoma. 

SNHG6 203 is up-regulated in hepatocellular carcinoma and 

has a significant role in apoptosis prevention of tumor cells in 

this cancer. Also, SNHG6 203 over expression induces tumors 

in nude mice (21). Our findings demonstrated that the 

expression pattern of SNHG6 203 in breast tumor and non-

tumor tissues is completely similar to the expression pattern of 

this transcript in hepatocellular carcinoma. In the present 

research, we recognized that the expression pattern of SNHG6 

203 varied significantly in breast tumor and non-tumor tissues.  

SNHG6 203 expression in the breast tumor tissues was 

significantly more than non-cancerous ones (Figure 4). This 

expression difference could position this transcript as a 
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biomarker for distinguishing breast tumor tissues from non-

cancerous ones. The SNHG6 203 significant expression 

difference between these two groups of tissues might be useful 

as a contributory prognosis factor for breast cancer.  

Tumor stage elucidates the aggressiveness of tumor cells 

and the possibility of patients’ survival. So, tumor staging is a 

crucial step in cancer treatment. Every contributing factor for 

well-timed tumor staging will result in more confident 

treatment of cancer. SNHG6 203 was expressed significantly 

more in high stage breast tumors than low stage ones. In this 

regard, it can be a suitable molecular biomarker for more 

effective breast cancer staging and treatment. Therefore, the 

expression pattern of SNHG6 203 in low and high stages of 

breast tumors could be applied for well-timed breast cancer 

treatment (Figure 6).  finally , findings obtained from the ROC 

curve analyses  indicate that SNHG6 203 can be considered as 

a contributory factor for breast cancer prognosis and staging 

(Figure 5 & 7).  

 

Conclusion 

Our findings demonstrated that SNHG6 203 has significant 

expression differences in tumor and non-cancerous breast 

tissues as well as in different stages of breast tumors. 

Consequently, SNHG6 203 can be applied as a contributory 

factor for well-timed prognosis and staging of breast tumors, 

the important item that is crucial for more confident treatment 

of the breast cancer.  

 

References 

1. Kitagawa M, Kitagawa K, Kotake Y, Niida H, 

Ohhata T. Cell cycle regulation by long non-coding 

RNAs. Cell Mol Life Sci 2013; 70(24):4785-94. 

2. Rossi MN, Antonangeli F. LncRNAs: new players 

in apoptosis control. International Journal of Cell 

Biology 2014; 2014: 473857. 

3. Degirmenci U, Lei S. Role of lncRNAs in cellular 

aging. Front Endocrinol (Lausanne) 2016; 7:151. 

4. Zhao W, Fu H, Zhang S, Sun S, Liu Y. LncRNA 

SNHG16 drives proliferation, migration, and 

invasion of hemangioma endothelial cell through 

modulation of miR-520d-3p/STAT3 axis. Cancer 

Med 2018; 7(7):3311-20. 

5. Huang Z, Ye B, Wang Z, Han J, Lin L, Shan P, et 

al. Inhibition of LncRNA-HRIM increases cell 

viability by regulating autophagy levels during 

hypoxia/reoxygenation in myocytes. Cell Physiol 

Biochem 2018; 46(4):1341-51. 

6. Dhamija S, Diederichs S. From junk to master 

regulators of invasion: lncRNA functions in 

migration, EMT and metastasis. Int J Cancer 2016; 

139(2):269-80. 

7. Zou ZW, Ma C, Medoro L, Chen L, Wang B, Gupta 

R, et al. LncRNA ANRIL is up-regulated in 

nasopharyngeal carcinoma and promotes the cancer 

progression via increasing proliferation, 

reprograming cell glucose metabolism and 

inducing side-population stem-like cancer cells. 

Oncotarget 2016; 7(38):61741-54. 

8. Hokii Y, Sasano Y, Sato M, Sakamoto H, Sakata K, 

Shingai R, et al. A small nucleolar RNA functions 

in rRNA processing in Caenorhabditis elegans. 

Nucleic Acids Res 2010; 38(17):5909-18. 

9. Kiss T. Small nucleolar RNA‐guided post‐

transcriptional modification of cellular RNAs. 

EMBO J 2001; 20(14):3617-22. 



Journal of Kerman University of Medical Sciences 2019, Vol. 26, Issue 4 

259 

10. Gerbi SA, Borovjagin AV. Pre-ribosomal RNA 

Processing in Multicellular Organisms. Texas: 

Landes Bioscience; 2000-2013. p.170-98. 

11. Sloan KE, Warda AS, Sharma S, Entian KD, 

Lafontaine DL Bohnsack MT. Tuning the 

ribosome: the influence of rRNA modification on 

eukaryotic ribosome biogenesis and function. RNA 

Biol 2017; 14(9):1138-52. 

12. Gerbi SA, Borovjagin AV, Ezrokhi M, Lange TS. 

Ribosome biogenesis: role of small nucleolar RNA 

in maturation of eukaryotic rRNA. Cold Spring 

Harb Symp Quant Biol 2001; 66:575-90. 

13. Nazar R. Ribosomal RNA processing and ribosome 

biogenesis in eukaryotes. IUBMB life 2004; 

56(8):457-65. 

14. Penzo M, Montanaro L. Turning uridines around: 

role of rRNA pseudouridylation in ribosome 

biogenesis and ribosomal function. Biomolecules 

2018; 8(2):E38. 

15. Donati G, Montanaro L, Derenzini M. Ribosome 

Biogenesis and control of cell proliferation: p53 is 

not alone. Cancer Res 2012; 72(7):1602-7. 

16. Pelletier J, Thomas G, Volarevic S. Ribosome 

biogenesis in cancer: new players and therapeutic 

avenues. Nat Rev Cancer 2017; 18(1):51-63. 

17. Bastide A, David A. The ribosome, (slow) beating 

heart of cancer (stem) cell. Oncogenesis 2018; 

7(4):34. 

18. Chang L, Yuan Y, Li C, Guo T, Qi H, Xiao Y, et al. 

Upregulation of SNHG6 regulates ZEB1 

expression by competitively binding miR-101-3p 

and interacting with UPF1 in hepatocellular 

carcinoma. Cancer Lett 2016; 383(2):183-94. 

19. Yang T, Zhou H, Liu P, Yan L, Yao W, Chen K, et 

al. lncRNA PVT1 and its splicing variant function 

as competing endogenous RNA to regulate clear 

cell renal cell carcinoma progression. Oncotarget 

2017; 8(49):85353-67. 

20. Shahryari A, Rafiee MR, Fouani Y, Oliae NA, 

Samaei NM, Shafiee M, et al. Two novel splice 

variants of SOX2OT, SOX2OT‐S1, and SOX2OT‐

S2 are coupregulated with SOX2 and OCT4 in 

esophageal squamous cell carcinoma. Stem cells 

2014; 32(1):126-34. 

21. Cao C, Zhang T, Zhang D, Xie L, Zou X, Lei L, et 

al. The long non-coding RNA, SNHG6-003, 

functions as a competing endogenous RNA to 

promote the progression of hepatocellular 

carcinoma. Oncogene 2017; 36(8):1112-22. 

22. Yan K, Tian J, Shi W, Xia H, Zhu Y. LncRNA 

SNHG6 is associated with poor prognosis of gastric 

cancer and promotes cell proliferation and EMT 

through epigenetically silencing p27 and sponging 

miR-101-3p. Cell Physiol Biochem 2017; 

42(3):999-1012. 

23. Meng Q, Yang BY, Liu B, Yang J-X, Sun Y. Long 

non-coding RNA SNHG6 promotes glioma 

tumorigenesis by sponging miR-101-3p. Int J Biol 

Markers 2018; 33(2):148-55. 

 

 


