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Abstract 

Objective: A high level of RGS17 expression is observed in diverse human cancers and correlates 
with tumor progression. Herein, we aim to investigate its expression and function in breast cancer. 
Methods: The expression of RGS17 was detected by immunohistochemical analysis and western 
blot analysis. The level of miR-32 expression was investigated by qRT-PCR. Western blot analysis 
was used to determine the relationship between RGS17 and miR-32. A series of loss or gain of 
function assays was performed to measure the effects of RGS17 or miR-32 on tumor migration, 
invasion, and proliferation.  
Results: Compared to that in normal breast specimen, the expression of RGS17 had a significantly 
higher expression level in breast cancer tissues and cell lines. Although the potential relationship of 
RGS17 expression with clinicopathological features was not observed, there was a significant 
correlation of RGS17 expression with p63 expression. In cells, inhibition of RGS17 expression 
impaired cell migration, invasion, and proliferation. Further, RGS17 was identified as a direct and 
functional target of miR-32. Overexpression of miR-32 in cells could decrease the expression of 
RGS17 and inhibit cell migration, invasion, and proliferation. In contrast, ectopic expression of 
RGS17 could attenuate phenotypes caused by miR-32 overexpression. 
Conclusion: The expression of RGS17 was upregulated in breast cancer, which could enhance 
cell migration, invasion, and proliferation. Moreover, the RGS17 was identified as a target of 
miR-32. Our results suggest that RGS17 might play an important role in breast cancer progression 
and could be a potential target for human breast cancer treatment. 
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Introduction 
Breast cancer is by far the most common female 

malignancy diagnosed and the most frequent cause of 
cancer death among women worldwide [1]. Despite 
recent advances in diagnosis and experimental on-
cology, the prognosis of breast cancer is still unfa-

vorable due to its metastatic nature. Previous studies 
have emphasized that breast cancer is a highly het-
erogeneous group of diseases that differ in their 
prognosis and response to treatment [1, 2]. The de-
velopment of breast cancer is thought to occur 
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through a multi-step process and a large number of 
molecules are shown to be involved in the tu-
morgenesis and progression [1]. The clarification of its 
molecular mechanisms will promote early diagnosis 
and allow an effective scheme to target specific 
pathway.  

G protein-coupled receptors (GPCR) constitute a 
large protein family of receptors that sense molecules 
outside cells and activate signal transduction path-
ways and, ultimately, cellular responses [3]. Conse-
quently, GPCRs are linked to many diseases including 
cancers. Accumulating research indicates that GPCRs 
are expressed in cancerous tissues and associated with 
proliferation, survival from apoptotic signals, inva-
sion, and metastasis [4-6]. Therefore, GPCRs serve as 
direct and indirect targets for approximately 50% of 
currently marketed drugs to cancers [7]. G proteins 
consist of a guanine nucleotide-binding Ga and Gβγ 
dimer, which provide signal coupling to GPCRs and 
act as signal transduction proteins through a cycle of 
guanine nucleotide exchange and hydrolysis [8]. 
Thus, G proteins mediate a wide variety of signals 
and their activity is finely tuned by some modulators. 
One of those modulators is the regulator of G-protein 
signaling (RGS) protein family. RGS proteins have 
been identified as negative modulators in G pro-
tein-dependent signaling through accelerating GTP 
hydrolysis up to 2000 times that of inherent GTPase 
activity [4]. Thus, RGS proteins could critically regu-
late the magnitude and duration of G protein signal-
ing [9].  

RGS proteins comprise over 20 different proteins 
and are divided into 8 subfamilies (RZ/A, R4/B, 
R7/C, R12/D, RA/E, RGEF/F, RGRK/G and 
RSNX/H) based on the homology of RGS domains 
and the construction of proteins [4]. Considering the 
prevalence of GPCRs for targeted therapeutics and 
the role of RGS proteins in G protein signaling, some 
RGS proteins are determined as deregulated genes in 
a variety of cancers including breast cancer, ovarian 
cancer, and prostate cancer [10-12]. For example, two 
members of the R4/B subfamily (RGS2, RGS5) are 
upregulated in breast cancer [4, 13, 14], and one 
member of the RZ/A subfamily (RGS19) is also up-
regulated in ovarian cancer [15]. RGS17, the most re-
cently discovered member of the RZ/A subfamily, 
has been frequently reported as an overexpressed 
gene in human lung adenocarcinomas, prostate can-
cer, and hepatocellular carcinoma [4, 8]. Furthermore, 
increased RGS17 expression has been identified to 
positively associate with tumor cell proliferation 
through the cyclic AMP-PKA-CREB pathway in hu-
man lung and prostate cancer. Hence, RGS17 is re-
garded as an emerging therapeutic target for lung and 
prostate cancers [16]. These data strongly suggest a 

potentially important role of RGS17 in oncogenesis. 
Instead, RGS17 is downregulated at significantly low 
level in ovarian tumor compared to normal ovary and 
chemotherapy exposure triggers the loss of RGS17 
expression, which leads to the development of 
chemotherapeutic resistance possibly through ampli-
fication of endogenous AKT signals [16, 17]. Howev-
er, it is little known about the mechanisms for the 
discrepant role of RGS17 in different tumors, and 
whether RGS17 has a role in breast cancer progression 
remains to be understood.  

 In the present study, we focused on the expres-
sion and function of RGS17 in breast cancer. We found 
that RGS17 was upregulated in breast cancer tissues 
than that in normal breast tissues. Increased RGS17 
expression was significantly correlated with p63 ex-
pression. In vitro functional assays demonstrated that 
inhibition of RGS17 expression reduced breast cancer 
cell migration, invasion, and proliferation. Finally, we 
identified miR-32 as a regulator that could inhibit the 
expression of RGS17 in breast cancer cell lines.  

Materials and Methods 
Tissue specimens 

 Human breast tissues were retrieved from De-
partment of Pathology, Huashan Hospital, Shanghai, 
China. The patients had not previously received 
chemotherapy or radiation therapy. All cases were 
diagnosed by two experienced pathologists without 
discrepancy. The study was approved by the institu-
tional review board at Huashan Hospital, and signed 
informed consent was obtained from all patients and 
the bereaved.  

Cell culture  
 Breast cancer cell lines (MCF-7, MDA-MB-231, 

SK-BR-3, and ZR-75-30) and HEK 293T cells were 
preserved in our laboratory and maintained at 37℃ in 
a humidified 5% CO2 incubator in high glucose, com-
plete DMEM (Hyclone, UT, USA) supplemented with 
10% FBS. All transfections were carried out according 
to the manufacturer’s instructions.  

Protein extraction and western blot 
 Tissues and cells were lysed using a RIPA lysis 

buffer (Beyotime, Hangzhou, China) supplemented 
with inhibitors of proteases. The whole lysates were 
stored at -20℃ until the western blot analysis. For 
western blot analysis, proteins were loaded on to a 
10% SDS-PAGE and transferred to nitrocellulose 
membrane (Bio-Rad, CA, USA). After blocking in 5% 
nonfat milk, the membranes were incubated over-
night at 4℃ with the following primary antibodies: 
rabbit RGS17 polyclonal antibody (1:1000; Pro-
teintech, IL, USA), mouse monoclonal GAPDH anti-
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body (1:1000; Biotech Well, Shanghai, China). After 
that, membranes were washed and incubated with 
HRP-labeled secondary antibody in TBST for 1h. 
Immunoreactivity was detected with enhanced 
chemoluminescent autoradiography (ECL kit, Pierce, 
IL, USA). 

Immunohistochemical (IHC) analysis 
IHC staining was done according to standard 

procedures. The paraffin-embedded tissues were first 
stained with hematoxylin and eosin (HE) for histo-
logical examination. Subsequently, pfraffin sections in 
0.1M citric acid buffer (pH6) were boiled in a micro-
wave at 100℃, and then pre-incubated in blocking 
solution (normal goat sera, Biotech Well, Shanghai, 
China) at 37℃ for 30min. The slides were then incu-
bated at 4℃ overnight with rabbit anti-RGS17 mAb (1: 
400; Proteintech, IL, USA). Five high-power fields 
(×200) were selected at random. Specimens were 
scored according to the intensity of the dye color and 
the number of positive cells. The intensity of the dye 
color was graded as 0 (no color), 1 (light yellow), 2 
(light brown), or 3(brown); The number of positive 
cells were graded as 0 (＜5%), 1 (5-25%), 2 (26-50%), 3 
(51-75%), or 4 (＞75%). The two grades were added 
together and specimens were assigned to one of 4 
levels: 0-1 score (-), 2 scores (+), 3-4 scores (++), more 
than 5 scores (+++). 

Knockdown of RGS17 
 The knockdown of RGS17 was achieved using 

two short hairpin RNA (shRNA) fragments strategy. 
The RGS17 shRNA construct with target sequences of 
RGS17 (GGCTTGCTTGTGAA GACTTAA and 
GCTGGCTCTTCTTCTGAATCT, respectively) and 
non-targeting shRNA construct were generated using 
pLVX-shRNA1 system (Takara Co., Dalian, China). 
Cells were selected in medium containing puromycin 
(1ng/ml) and a stable cell pool was obtained for fur-
ther study. The RGS17 expression was verified by 
western blot analysis. Specific miRNA (has-miR-32) to 
RGS17 was purchased from GeneChem Co., Ltd 
(Shanghai, China).  

RNA extraction and Quantitative real-time 
PCR (qRT-PCR) 

 Total RAN was extracted using the Trizol rea-
gent (Invitrogen, CA, USA) and dissolved in DEPC 
water according to the manufacturer’s instructions. 
Reverse transcription reaction was carried out starting 
from 100ng of total RNA using the looped primers. 
Real-time PCR was performed using the standard 
TaqMan MicroRNA assays protocol on ABI7500 re-
al-time PCR detection system. U6 small nuclear RNA 
was used as an internal control. The threshold cycle 

(Ct) was defined as the fractional cycle number at 
which the fluorescence passed the fixed threshold. 
Each sample was measured in triplicate, and the rela-
tive amount of miR-32 to U6 was calculated using the 
equation 2-△Ct, where △Ct=(CTmiR-32－CTU6). 

Overexpression of RGS17 
 For construction of RGS17 plasmid, the RGS17 

cDNA was generated by RT-PCR (Roche, Swiss) from 
breast cancer tissue sample using RGS17 forward 
primer (5’-CCCAA GCTTATGCGAAAAAGGCAG 
CAGTC-3’) and reverse primer (5’-GGGGAATTC 
GAAGATTCAGAAGAAGAGCC-3’). Then full- 
length RGS17 cDNA fragment was cloned into the 
pcDNA3.1 vector (GeneChem Co., Ltd, Shanghai, 
China). 

Wound-healing assay 
 For wound-healing assay, wounds were made 

with sterile pipette tips. Exfoliated cells were washed 
off using phosphate-buffered saline (PBS), and culture 
was continued in fresh medium without FBS. Wound 
closure was monitored by microscopy per 24 hours. 
Migration activity was calculated as the mean dis-
tance between the edges of three points. Healing rate 
= (mean original distance-mean distance at a time 
point)/mean original distance×100. Each test group 
was assayed in triplicate. 

CCK-8 proliferation assay 
 Cells were digested, resuspended, and seeded 

on 96-well plates at an initial density of 4×103/well. At 
each monitored time point, cells of each well were 
stained with CCK-8 (Dojindo, Japan) for 30min at 
37℃. Spectrometric absorbance was measured using a 
microplate reader (Bio Tek Instruments, Winooski, 
VT, USA) at 450nm. All experiments were carried out 
in triplicate.  

 Boyden chamber assay 
 Migration assay was carried out using Boyden 

chambers (8-μm; Corning, NY, USA) containing pol-
ycarbonate membrane. For invasion assay, 60μl mat-
rigel (BD Biosciences, NJ, USA) was used to mimic 
basement membrane. Briefly, upper chamber was 
added with 100μl of 1×106 cells in serum-free medium 
and lower chamber was added with 600μl of appro-
priate medium with 10% FBS. Cells were incubated 
for 24h. Migratory cells on the under-surface of the 
random regions were fixed and stained with crystal 
violet for 30s at room temperature. Photographs of 5 
random regions were taken and the number of cells 
was counted to calculate the average number of mi-
grated cells per plate. 
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Statistical analysis 
 All statistical analysis was performed with SPSS 

17.0 software package (SPSS, Chicago, IL, USA). Data 
were presented as mean ± standard deviation. Dif-
ferences between groups were analyzed using the 
Student’s t-test or Chi-square test. Relationship be-
tween RGS17 expression and clinical characteristics in 
breast cancers specimens were explored by Krus-
kal-Wallis tests and Spearman tests. *p<0.05 was con-
sidered to be statistically significant.  

Results 
RGS17 is highly expressed in breast cancer  

 To investigate the role of RGS17 in breast cancer, 
we examined RGS17 expression in 87 human breast 
cancer tissues and 28 normal breast tissues. Histolog-
ical examination was first carried out on breast cancer 
tissues and normal tissues, respectively (Fig. 1A and 
1F). Then all tissues were analyzed by IHC using 
RGS17 antibody and graded based on intensity of the 
dye color and the number of positive cells (Fig. 1B, 1C, 
1D, 1E, 1G and 1H). We found that RGS17 protein was 
mainly localized in the cytoplasm, and the positive 
rate in breast cancer tissues (96.55%, 84/87) is signifi-
cantly higher than that in normal breast tissues 
(57.14%, 16/28, p<0.001). Among 28 normal breast 
tissues, only 16 samples presented to be RGS17-weak 
positive (57.14%), whereas the other 12 samples were 
all RGS17-negative. In contrast, 3 out of 87 cases of 
breast cancer tissues were negative, 10 were weakly 
positive, 18 were moderately positive and 56 were 
strongly positive (Table 1 and Fig. 1I). These data 
strong support that RGS17 expression is significantly 
increased in breast cancer tissues.  

Additionally, we randomly selected 4 breast 
cancer tissues and one normal breast tissue to inves-
tigate the expression level of RGS17 by western blot 

analysis. As illustrated in Fig.2A, the protein level of 
RGS17 was higher in the breast cancer tissues than 
that in the normal breast tissues, which is consistent 
with results from staining analysis. The results indi-
cate that RGS17 was frequently overexpressed in 
breast cancer, and might play an important role in 
breast cancer progression.  

 

Table 1. Distributions of RGS17 staining grades (-, +, ++ and 
+++) in both normal breast tissues and breast cancer tissues. 

 Total RGS17 Positive 
rate 

P-value 
－ + ++ +++  

Normal breast 
tissue 

28 12 16 0 0  57.14% 0.000*** 

Breast cancer 
tissue 

87 3 10 18 56  96.55% 

***p<0.001 

Expression of RGS17 is correlated with p63 
To determine whether the expression level of 

RGS17 was associated with progression of breast 
cancer, the expressions of RGS17 were determined in 
4 human breast cancer cell lines (MDA-MB-231, 
MCF-7, SK-BR-3, and ZR-75-30). Results from western 
blot analysis showed that the expression of RGS17 
was significantly higher in cell lines than that in one 
random normal breast tissue (Fig. 2B), which implies 
a role of RGS17 in the tumor progression. We then 
carried out Kruskal-Wallis and Spearman correlation 
analysis to determine the relationship between RGS17 
expression and clinicopathological features (Table 2 
and Table 3). Statistical analysis revealed that RGS17 
expression was not significantly correlated with the 
TNM stage, tumor size, lymph node metastasis, age, 
ERα status, PR status, HER2 status, or Ki67 status. 
Interestingly, we found that the RGS17 expression 
was positively correlated with p63 expression 
(p=0.014, r=0.262). 

 
Fig.1. Immunohistochemistry staining for RGS17 protein with RGS17 antibody in the cancerous and normal tissues. (A) Validation of breast cancer tissues by Hematoxylin-Eosin 
(HE) stain. (B, C, D, E) Representative results of negative staining (−, B), weakly positive staining (+, C), moderate staining (++, D) and strong staining (+++, E) of RGS17 protein 
in breast cancer tissues are shown respectively. (F) HE staining of normal tissues. (G, H) Representative results of the negative staining (G) and weakly positive staining (H) of 
RGS17 protein in normal tissues. (I) Distributions of RGS17 staining grades (−, +, ++ and +++) in both normal tissues (I (a)) and breast cancer tissues (I (b)). Bar=100um. 
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Fig. 2. Expression level of RGS17 in breast cancer tissues and cell lines. (A) Western blot analysis of RGS17 protein from 4 random human primary breast cancer (T) and normal 
breast tissues (N). Expression levels were normalized for GAPDH. (B) Expression of RGS17 in breast cancer cell lines was detected by western blot analysis. Expression levels 
were normalized for GAPDH. 

 
 

 Table 2. Association between RGS17 expression and disease 
parameters in 87 cases of breast cancers. 

  
Total 

RGS17  
P-value － + ++ +++ 

n=3 n=10 n=18 n=56 
TNM stage       
 I and Ⅱ 80 2 9 17 52 0.497 
 Ⅲ and Ⅳ 7 1 1 1 4  
Tumor size       
 ≤2cm 66 3 8 13 42 0.578 
 2cm<T≤5cm 19 0 2 5 12  
 >5cm 2 0 0 0 2  
Lymph node me-
tastasis 

      

 Negative 53 2 6 10 35 0.755 
 Positive 34 1 4 8 21  
Age       
 <50 27 2 2 5 18 0.859 
 ≥50 60 1 8 13 38  
TNM stage is a classification of malignant tumors used by the International Feder-
ation of Gynecology and Obstetrics (FIGO). T describes the size of primary tumor, 
N describes nearby lymph nodes that are involved, and M describes distant me-
tastasis. 

 

Downregulation of RGS17 is associated with 
cell migration, invasion, and proliferation  

To determine whether RGS17 is a positive regu-
lator of cell migration, invasion and proliferation, we 
used shRNA to inhibit the expression of RGS17 in 
ZR-75-30 cells that have the highest basal level of 
RGS17 among tested breast cancer cell lines (Fig. 2B). 
We knocked down endogenous RGS17 continuously 
by specific shRNA in ZR-75-30 cells and scramble 
sequence shRNA as the control (Fig. 3A). In 
wound-healing assay, we observed that knockdown 
of RGS17 in ZR-75-30 cells markedly inhibited the 
migration (Fig. 3B). To further confirm the effect of 
RGS17 on migration and invasion of ZR-75-30 cells, 

we carried out a migration assay and an invasion as-
say using Boyden chamber. Our results showed the 
significant inhibition of migration and invasion in 
ZR-75-30 cells by knockdown of RGS17. These results 
indicate that RGS17 has a promotional role in cell 
migration and invasion (Fig. 3D). To examine the 
proliferation potential of these cells, we carried out a 
CCK assay. As shown in Fig. 3C, knockdown of 
RGS17 inhibited cell growth. Taken together, these 
data indicate that RGS17 expression level was posi-
tively correlated with the aggressive phenotype of 
breast cancer cells.  

 
 
 

Table 3. Association between RGS17 expression and clinico-
pathological parameters in 87 cases of breast cancers. 

 Total RGS17 P-value r 
  － + ++ +++   
  n=3 n=10 n=18 n=56   
ER        
 Negative 26 2 2 5 17 1.000 -0.001 
 Positive 61 1 8 13 39   
PR        
 Negative 41 2 3 8 28 0.478 -0.077 
 Positive 46 1 7 10 28   
HER2        
 Negative 1 0 1 0 0 0.097 0.179 
 Positive 86 3 9 18 56   
p63        
 Negative 77 3 10 18 46 0.014* 0.262 
 Positive 10 0 0 0 10   
Ki67        
 ≤30% 32 3 2 5 22 0.708 -0.041 
 >30% 55 0 8 13 34   
*p<0.05. ER, estrogen receptor; PR, progesterone receptor 
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RGS17 is a target gene of miR-32 
 To investigate the potential microRNAs that 

target RGS17 mRNA, we used several online bioin-
formatics softwares including TargetScanHuman, 
PicTar, miRBase and CancerNum to predict the 
miRNA binding sites in the 3’UTR of RGS17 mRNA. 
Several candidates, such as miR-32 and miR-182, were 
evaluated in the inhibition of RGS17 expression, 
which suggested that the binding site of miR-32 had a 
higher probability of preferential conservation. In fact, 
the miR-32 binding site (389-396) was found in RGS17 
3’UTR (Fig. 4A). To determine the expression levels of 
miR-32 in breast cancer tissues and cell lines, 
qRT-PCR was performed and the expression of 
miR-32 was normalized to U6 small nuclear RNA. The 
miR-32 expression was clearly downregulated in 

breast cancer specimens than that in the correspond-
ing adjacent non-cancerous specimens (Fig. 4B). As in 
Fig. 4C, the results showed that the expression level of 
miR-32 were significantly lower in 4 breast cancer cell 
lines.  

To further confirm that RGS17 is the direct target 
of miR-32 in breast cancer, we first transfected 
GV268-miR-32 plasmid into ZR-75-30 cells and found 
that miR-32 significantly reduced RGS17 protein level 
in these cells (Fig. 4D and 4E). Cell migration, inva-
sion, and proliferation were significantly impaired in 
ZR-75-30 cells transfected with GV268-miR-32 plas-
mid. When RGS17 plasmid and GV268-miR-32 plas-
mid were co-transfected, RGS17 could attenuate 
phenotypes caused by miR-32 overexpression (Fig. 4F, 
4G and 4H).  

 
 

 
Fig. 3. RGS17 promotes migration, invasion, and proliferation of breast cancer cells (ZR-75-30). (A) Western blot analysis of RGS17 in cells stably transfected with specific 
shRNA or scramble sequence shRNA (Control). (B) Photographs at 0h and 24h after wounding were made in control and RGS17 knockdown cells as results of a wound-healing 
assay. The mean ± SD of percentage of migration distances obtained from three parallel experiments. ***p<0.001. (C) Detection of cell proliferation by CCK assay in the control 
and RGS17 knockdown cells. Data represent the mean ± SD from triplicate samples and were representative of three independent experiments. *p<0.05, **p<0.01. (D) Effects 
of RGS17 on the cell migration and invasion by Boyden chamber assay. The mean ± SD shows the number of migrated and invaded cells obtained from three parallel experiments. 
**p<0.01, ***p<0.001. 
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Fig. 4. RGS17 is a target gene of miR-32. (A) The predicted binding site of miR-32 in 3’UTR of RGS17. (B) Detection of miR-32 expression in breast cancer tissues (T) and 
corresponding non-cancerous tissues (N) by qRT-PCR. miR-32 expression level was calculated by 2-ΔCt methods and normalized to U6 small nuclear RNA. **p<0.01, ***p<0.001. 
(C) Expression of miR-32 in cell lines was detected by qRT-PCR. ***p<0.001. (D) Detection of miR-32 expression in breast cancer cell line (ZR-73-30). **p<0.01. (E) Expression 
of RGS17 in cells transfected with miR-32 was detected by western blot. (F) Cell migration was analyzed by wound-healing assay in cells transfected with indicated constructs. 
Data represent the mean ± SD of experiments performed in triplicate. *p<0.05, ****p<0.0001. (G) CCK-8 assay was performed to detect cell proliferation. *p<0.05 (Control vs. 
miR-32), ♯p<0.05 (miR-32 vs. miR-32+RGS17). (H) Boyden chamber assay was photographed and migrated/invaded cell numbers of three parallel experiments were counted to 
calculate average number of cells that transmigrated. *p<0.05, **p<0.01. 

 

Discussion 
 In this study, we investigated the expression 

level of RGS17 in breast cancer tissues and cell lines. 
Also, the relationship between the expression of 
RGS17 and several clinicopathological features were 
evaluated. Although the potential relationships of 
RGS17 expression with clinicopathological features 
were not observed, there is a significant correlation of 
RGS17 expression with p63 expression. In cells, inhi-
bition of RGS17 expression impaired cell migration, 
invasion, and proliferation. Further, RGS17 was iden-
tified as a direct and functional target of miR-32. 
Overexpression of miR-32 in cells could decrease the 
expression of RGS17 and inhibit cell migration, inva-
sion, and proliferation, which could be attenuated by 
ectopic expression of RGS17. To the best of our 
knowledge, this is the first study to analyze the clini-
cal significance and biological function of RGS17 in 
breast cancer. 

 Previous reports have shown that upregulation 
of RGS17 is a frequent event in cancers, which sug-
gests that RGS17 may play an important role in tu-

morigenesis and tumor progression [16, 18]. In this 
study, we also found that RGS17 was frequently 
overexpressed in breast cancer, and 96.55% (84/87) of 
the breast cancer had about 2-fold increase of RGS17 
expression compared with the normal breast tissues. 
Compared with one random normal tissue, breast 
cancer cell lines had a higher expression level of 
RGS17. These results suggest that a higher expression 
of RGS17 might tend to have more advanced clinical 
stage. Unexpectedly, we found RGS17 expression had 
no significant association with TNM stage, tumor size, 
lymph node metastasis, and so on. It is possible that 
many cases are diagnosed at the early stage of tumor 
progression, which results in the deviation of clini-
copathological features with RGS17 expression. In 
fact, inhibition of RGS17 expression could decrease 
cell migration, invasion, and proliferation. Therefore, 
a detailed evaluation of RGS17 expression with clini-
copathological features requires a larger sample size. 

 The gene expression can be regulated at differ-
ent levels, such as transcription, mRNA stability, and 
protein stability. How the expression of RGS17 is 
regulated remains to be understood. P63, a member of 
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p53 family of transcription factors, is highly expressed 
in stratified epithelia such as cervix, skin, prostate, 
and breast [19]. Two major protein isoforms that ei-
ther contain or lack the N-terminal transactivation 
domain (TAp63 and △Np63, respectively) are re-
ported to have distinctly different role in tumor pro-
gression. Previous studied have suggested that p63 
act as a suppressor of tumorgenesis and metastasis by 
interacting with mutant p53 [20]. Instead, recent 
studies suggested that △Np63 promotes stem cell ac-
tivity in mammary gland development and basal-like 
breast cancer [21]. However, it is difficult to determine 
which isoform is associated with RGS17 expression in 
that antibodies against p63 could react with both 
isoforms. Since △Np63 contributes to the progression 
of cancers, it is possible that △Np63 might be a regu-
latory factor that can promote the expression of 
RGS17. 

 It’s known that microRNA (miRNA) is a class of 
small, endogenous, noncoding RNAs. They could 
negatively regulate their target genes by triggering 
either translation repression or mRNA degradation. 
Emerging studies have shown that miRNAs are ab-
errantly expressed or mutated in cancer, suggesting 
that they may play an essential regulatory role as a 
novel class of oncogenes or tumor suppressor genes 
[22, 23]. With regard to breast cancer, several im-
portant miRNAs have been confirmed in recent re-
search, including miR-21/484/191 [22-24]. To under-
stand the regulation of RGS17 by miRNAs, we evalu-
ated the efficiency of candidates predicted by online 
tools in the inhibition of RGS17 expression, which 
suggests that miR-32 had a preferential performance. 
In fact, current studies have shown that miR-32 plays 
as a tumor suppressor in various cancers, and de-
creased miR-32 expression was significantly associ-
ated with aggressive clinicopathological features and 
poor survival [25, 26]. In this study, miR-32 tends to 
have a low expression level in breast cancers and cell 
lines. Overexpression of miR-32 in cells could de-
crease the expression of RGS17 and inhibit cell migra-
tion, invasion, and proliferation. Furthermore, ectopic 
expression of RGS17 could attenuate phenotypes 
caused by miR-32 overexpression. Therefore, the de-
creased expression of miR-32 should be a considerable 
force in the deregulation of RGS17 expression.  

 RGS proteins can promote tumor progression by 
several mechanisms. Previous studies show that var-
ious RGS proteins, including RGS2, RGS4, and RGS13, 
can change their localization to nuclear after synthesis 
in the cytoplasm [27]. In addition, cAMP-PKA, a 
downstream effector of Gas, could promote nuclear 
translocation of RGS13 [28]. Increasing evidence sug-
gests that the functions of RGS proteins require the 
interactions with receptors or intracellular signaling 

proteins [4]. Upregulation of RGS2 could inhibit an-
drogen receptor (AR) and MAP kinase activity in an-
drogen-independent prostate cancer cell lines, sug-
gesting RGS2 may act as a role in regulation of an-
drogen-independent signaling [29]. In this study, we 
did not observe the change of RGS17 localization in 
tissue staining. Previous studies show that RGS17 can 
activate PKA signaling and promote CREB phos-
phorylation in the maintenance of tumor cell prolif-
eration [16]. Therefore, RGS17 as a regulator might 
activate the downstream signaling of GPCR to pro-
mote tumor progression.  

In summary, RGS17 as a target of miR-32 were 
frequently overexpressed in breast cancer and has a 
positive role in the progression of breast cancer, 
which will help further investigation of RGS17 as a 
potential treatment target for breast cancer.  
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