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Abstract. – OBJECTIVE: Long noncoding 
RNA (lncRNA) GIHCG has been reported as an 
oncogene in hepatocellular carcinoma. Howev-
er, the expression, roles, and clinical values of 
GIHCG in renal cell carcinoma (RCC) remain un-
clear. The aim of this study was to investigate 
the expression, roles, diagnostic and prognostic 
values of GIHCG in RCC.

PATIENTS AND METHODS: The expression of 
GIHCG in 46 pairs of RCC tissues and adjacent 
normal renal tissues was measured by quanti-
tative real-time polymerase chain reaction (qRT-
PCR). GIHCG serum level in 46 RCC patients, 46 
age- and sex-matched healthy controls, 20 pre- 
and post-surgery RCC patients was measured 
by qRT-PCR. The diagnostic values of serum GI-
HCG were evaluated by receiver operating char-
acteristic (ROC) curves analysis. The effect of 
GIHCG on RCC cell proliferation was evaluated 
using Cell Count Kit-8 assay, and the effect of 
GIHCG on RCC cell migration was evaluated us-
ing transwell migration assay.

RESULTS: GIHCG is upregulated in RCC tis-
sues compared with adjacent normal renal tis-
sues. Increased expression of GIHCG is pos-
itively correlated with advanced TNM stages, 
Fuhrman grades, and poor prognosis. Serum 
GIHCG level is also significantly upregulated 
in RCC patients and correlated with advanced 
TNM stages. Serum GIHCG could accurately dis-
criminate RCC patients from healthy controls, 
and also early stage RCC patients from healthy 
controls. Furthermore, serum GIHCG level is 
positively correlated with GIHCG expression in 
RCC tissues. Serum GIHCG level is significant-
ly reduced after radical resection of RCC. Func-
tional assays showed that knockdown of GIHCG 
significantly represses proliferation and migra-
tion of RCC cells.

CONCLUSIONS: Long noncoding RNA GIHCG 
would sever as a novel diagnostic and prognos-
tic biomarker and therapeutic target for RCC.
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Introduction

Deriving from renal tubular epithelial cells, re-
nal cell carcinoma (RCC) is the third most com-
mon genitourinary malignant neoplasms, with 
approximately 338,000 new cases and 143,000 
deaths in 2012 worldwide1, 2. Unfortunately, the 
incidences of RCC is still rising throughout the 
world3. Most RCCs are asymptomatic and nonpal-
pable in early stages. Approximately 30% of RCC 
patients are diagnosed at advanced stages with 
metastasis4. Until now, surgical resection remains 
the unique effective treatment for early-stage 
RCCs5. However, for advanced stages RCC, there 
is still no effective treatment and the prognosis is 
still very poor6. Therefore, accurate identification 
of RCC patients in early stages is critical for suc-
cessful therapy of RCC and improving the prog-
nosis of RCC patients7.

Approximately 20% of patients with localized 
RCC will develop recurrence and metastasis af-
ter surgery8. Unfortunately, most advanced stage 
RCCs and recurrent RCCs are refractory to radia-
tion therapy, chemotherapy, and immunotherapy9. 
Therefore, it is necessary to further revealing the 
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molecular mechanisms underlying the initiation 
and progression of RCC10, which will promote the 
identification of effective prognostic biomarkers 
and therapeutic targets for RCCs11.

Increasing evidence revealed that circulating 
cell-free nucleic acids could serve as interesting 
non-invasive biomarkers for early diagnosis of 
several cancers12. Among these circulating nucle-
ic acids, long noncoding RNAs (lncRNAs) have 
been frequently identified in peripheral blood of 
various cancers, such as hepatocellular carcinoma 
(HCC), lung cancer, gastric cancer, and et al13-19. 
LncRNAs are a novel class of RNA transcripts 
with no protein-coding potential and over 200 
nucleotides in length20-22. Furthermore, lncRNAs 
have been reported to be dysregulated in many 
cancer tissues and to serve as prognostic biomark-
ers for several cancers23-25. Many lncRNAs have 
been revealed to have important roles in many 
pathophysiological processes20. In cancers, ln-
cRNAs have been reported to regulate cell prolif-
eration, cell cycle, apoptosis, senescence, migra-
tion, invasion, drug resistance, and et al26-29.

lncRNA-GIHCG is first reported to be upregulat-
ed in HCC tissues and associated with poor progno-
sis of HCC patients30. GIHCG is revealed to promote 
HCC progression via epigenetically inhibiting miR-
200b/a/429 expression. However, the expression, 
roles, and clinical significances of GIHCG in RCC 
are still unknown. In this work, we measured GIH-
CG expression in peripheral blood of RCC patients 
and also in RCC tissues. We detected the presence 
of GIHCG in the serum of RCC patients. We also 
found that serum GIHCG level is significantly un-
regulated in RCC patients compared with that in 
healthy controls. Therefore, we further analyzed the 
clinical values of GIHCG in RCC.

Patients and Methods

Patient Specimens
A total of 46 pairs of RCC tissues and adjacent 

normal renal tissues were obtained from primary 
RCC patients who received radical resection at Fuji-
an Provincial Hospital (Fuzhou, Fujian, China). All 
the tissues were diagnosed by pathological exam-
ination. None of the patients received pre-surgery 
anti-cancer treatments. These tissues were imme-
diately flash frozen in liquid nitrogen after surgery 
and stored at -80°C until use. Venus blood was col-
lected from these 46 RCC patients before surgery 
and 46 age- and sex-matched healthy controls. Veins 
blood was also collected from 20 patients of these 

46 RCC patients one week after surgery. All these 
veins blood was collected from fasting participants 
and centrifuged at 3000 rpm for 15 min at 4°C. The 
supernatant was immediately collected and stored 
at -80°C until use. This study was approved by the 
Ethics Committee of Fujian Provincial Hospital (Fu-
zhou, Fujian, China). All the patients and healthy 
controls signed informed consent.

Cell Culture
Human RCC cell lines 786-O and Caki-1 were 

obtained from American Type Culture Collection 
(ATCC, Rockville, MD, USA). The 786-O cell 
line was cultured in RPMI-1640 Medium (Gibco, 
Thermo Fisher Scientific, Waltham, MA USA). 
The Caki-1 cell line was cultured in McCoy’s 5A 
(Modified) Medium (Gibco). All the cells were 
cultured in the above-described medium supple-
mented with 10% fetal bovine serum (Gibco) at 
37°C in an atmosphere containing 5% CO2.

RNA Extraction and Quantitative 
Real-time Polymerase Chain Reaction 
(qRT-PCR)

Total RNA was extracted from tissues, serum, 
and cells using the TRIzol Reagent (Invitrogen, 
Carlsbad, CA, USA) in accordance with the man-
ufacturer’s protocol. After being treated with 
DNase I to remove genomic DNA, the RNA was 
reverse transcribed into complementary DNA 
(cDNA) using the PrimeScript™ II 1st Strand 
cDNA Synthesis Kit (TaKaRa, Dalian, Liaoning, 
China) in accordance with the manufacturer’s pro-
tocol. Then, the RNA expression level was quanti-
fied using the qRT-PCR assays. The qRT-PCR as-
says were carried out using the SYBR® Premix Ex 
Taq™ II (TaKaRa) on StepOnePlus™ Real-Time 
PCR Systems (Applied Biosystems, Foster City, 
CA, USA) in accordance with the manufactur-
er’s protocols. β-actin was used as an endogenous 
control for quantification of GIHCG expression. 
GIHCG expression was calculated using the com-
parative cycle threshold (CT; 2−ΔΔCT) method. The 
primer sequences used were as follows: for GI-
HCG, 5’-CTTTCAAGAAGTTTGGCTGTC-3’ 
(forward) and 5’-GCTCATTCAACGGATA-
AGTC-3’ (reverse); for β-actin, 5’-TCCTCTC-
CCAAGTCCACACA-3’ (forward) and 5’-GCAC-
GAAGGCTCATCATTCA-3’ (reverse).

Small Interfering RNA (siRNA) Synthesis 
and Transfection

The siRNAs specifically targeting GIHCG and 
control siRNA were purchased from GenePharma 
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(Shanghai, China). The siRNAs sequences were 
as follows: for siRNA-GIHCG-1, 5’-GCGGGA-
GAGGCAGAGAUAUTT-3’; for siRNA-GIH-
CG-2, 5’-GCCACCUUUGCAACCACAUTT-3’; 
for siRNA-negative control (NC), 5’-UUCUC-
CGAACGUGUCACGUTT-3’. When cells grew 
to 50% confluence, transfections were carried out 
using Lipofectamine 3000 (Invitrogen) in accor-
dance with the manufacturer’s protocol.

Cell Proliferation Assay
Cell proliferation was measured using the Cell 

Counting Kit-8 (CCK-8, Dojindo Laboratories, 
Kumamoto, Japan) in accordance with the manu-
facturer’s protocol. Briefly, 2 × 103 indicated RCC 
cells/well were seeded into 96-well plates. 2 hours 
after the adding of 10 μl CCK-8 regent to each 
well, the absorbance values at 450 nm were mea-
sured to calculate the cell number.

Transwell Cell Migration Assay
The migration of RCC cells was measured using 

the transwell cell migration assay. Briefly, 1×105 in-
dicated RCC cells suspended in serum-free medium 

were seeded in the upper chamber of a 24-well tran-
swell insert (Millipore, Bedford, MA, USA). Medi-
um supplemented with 10% fetal bovine serum was 
added to the lower chamber. After incubation for 24 
hours, cells remaining in the upper chamber were 
carefully wiped out with cotton wool. The cells that 
had migrated to the lower surface of the inserts were 
fixed with 4% paraformaldehyde, stained with 1% 
crystal violet, and counted.

Statistical Analysis
Statistical analyses were carried out using the 

GraphPad Prism Software. Wilcoxon signed-rank 
test, Mann-Whitney U test, Pearson chi-square 
test, Log-rank test, Receiver operating character-
istic (ROC) curves analysis, Pearson correlation 
analysis, or Student’s t-test was performed as in-
dicated. A p-value of < 0.05 was considered as 
statistically significant.

Results

GIHCG is Upregulated in RCC Tissues 
and Associated with Aggressive 
Clinicopathological Traits and Poor 
Prognosis

To investigate the expression pattern of GIH-
CG in RCC, we collected 46 pairs of RCC tissues 
and adjacent normal renal tissues, and measured 
GIHCG expression in these tissues using qRT-
PCR. The results showed that GIHCG is signifi-
cantly upregulated in RCC tissues compared with 
paired adjacent normal renal tissues (Figure 1A). 
Then, we explored the correlation between GIH-
CG expression level and clinicopathological traits 
in these 46 RCC patients. The results showed that 
GIHCG is markedly increased in RCC tissues 
with advanced TNM stages (Figure 1B). Further-
more, GIHCG expression is also significantly in-
creased in RCC tissues with Fuhrman III and IV 
grades compared with that in Fuhrman I and II 
grades (Figure 1C). Pearson chi-square tests fur-
ther confirmed the positive correlation between 
increased GIHCG expression and advanced TNM 
stages (p = 0.028), Fuhrman grades (p = 0.032) 
(Table I). Kaplan-Meier survival analysis in these 
46 RCC patients showed that high GIHCG ex-
pression in RCC tissues is correlated with a re-
duction in overall survival (p = 0.038) (Figure 
1D). Taken together, these results suggested that 
GIHCG is upregulated in RCC tissues and associ-
ated with aggressive clinicopathological traits and 
poor prognosis.

Table I. Correlation between GIHCG expression level and 
clinicopathological features of RCC patients.

	 GIHCG expression

	 Low 	 High
Variable	 (n=23)	 (n=23)	 p-value

Gender			   0.522
  Male	 15	 17	
  Female	 8	 6	
Age (years)			   0.555
  < 55	 13	 11	
  ≥ 55	 10	 12	
Tumor location			   0.555
  Left	 12	 10	
  Right	 11	 13	
Tumor size (cm)			   0.179
  ≤ 7	 19	 15	
  > 7	 4	 8	
Lymph node metastasis			   0.101
  Negative	 22	 17	
  Positive	 1	 6	
Distant metastasis			   0.058
  Negative	 23	 18	
  Positive	 0	 5	
TNM stage			   0.028
  I	 19	 12	
  II-IV	 4	 11	
Fuhrman Grade			   0.032
  G1-G2	 12	 5	
  G3-G4	 11	 18	

p-value was acquired by Pearson chi-square test.
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Circulating GIHCG is Upregulated 
in RCC Patients and May Serve as a 
Novel Non-invasive Diagnostic 
Biomarker for RCC

Next, we measured GIHCG expression in the 
serum of the above used 46 RCC patients and 46 
age- and sex-matched healthy controls by qRT-

PCR. The results showed that serum GIHCG is 
also significantly upregulated in RCC patients 
compared with that in healthy controls (Figure 
2A). Furthermore, serum GIHCG is markedly 
increased in RCC patients with advanced TNM 
stages (Figure 2B). Then, receiver operating char-
acteristic (ROC) curve analyses were carried out 

Figure 1. GIHCG is upregulated in RCC tissues and indicates a poor prognosis. A, GIHCG expression levels in 46 pairs of 
RCC tissues and adjacent normal renal tissues were measured by qRT-PCR. Results are presented as median with interquartile 
range. ***p < 0.001 by Wilcoxon signed-rank test. B, GIHCG expression levels in RCC tissues with TNM stage I or TNM 
stage II-IV. Results are presented as median with interquartile range. ***p < 0.001 by Mann-Whitney U test. C, GIHCG ex-
pression levels in RCC tissues with Fuhrman I and II grades or Fuhrman III and IV grades. Results are presented as median 
with interquartile range. **p < 0.01 by Mann-Whitney U test. D, Kaplan-Meier survival analyses of the correlations between 
GIHCG expression level in RCC tissues and overall survival of 46 RCC patients. The median expression level of GIHCG was 
used as the cutoff. p = 0.038 by Log-rank test.
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to investigate whether serum GIHCG could act 
as a diagnostic biomarker for RCC. The results 
showed that serum GIHCG could accurately dis-
criminate RCC patients from healthy controls 
with an area under the ROC curve (AUC) of 0.920 
(95% CI: 0.866-0.974), a sensitivity of 87.0%, 
and a specificity of 84.8% (Figure 2C). Moreo-
ver, ROC curve analyses also showed that serum 

GIHCG could accurately discriminate early stage 
(TNM stage I) RCC patients from healthy controls 
with an area under the ROC curve (AUC) of 0.886 
(95% CI: 0.812-0.959), a sensitivity of 80.7%, and 
a specificity of 84.8% (Figure 2D). Taken togeth-
er, these results suggested that serum GIHCG is 
upregulated in RCC patients and may serve as a 
non-invasive biomarker for RCC early diagnosis.

Figure 2. Diagnostic value of serum GIHCG for RCC. A, Serum GIHCG levels in 46 RCC patients and 46 age- and sex-
matched healthy controls were measured by qRT-PCR. Results are presented as median with interquartile range. ***p < 0.001 
by Mann-Whitney U test. B, Serum GIHCG levels in RCC patients with TNM stage I or TNM stage II-IV. Results are pre-
sented as median with interquartile range. ***p < 0.001 by Mann-Whitney U test. C, ROC curve analysis of serum GIHCG 
for discrimination between RCC patients and healthy controls (AUC: 0.920, sensitivity: 87.0%, specificity: 84.8%). p < 0.001. 
D, ROC curve analysis of serum GIHCG for discrimination between TNM stage I RCC patients and healthy controls (AUC: 
0.886, sensitivity: 80.7%, specificity: 84.8%). p < 0.001.
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Figure 3. Serum GIHCG levels indicate RCC dynamics. A, A significant positive correlation was observed between serum 
GIHCG level and GIHCG expression in RCC tissues. r = 0.862, p < 0.001 by Pearson correlation analysis. B, Serum GIHCG 
levels in 20 pairs of pre- and post-surgery RCC patients were measured by qRT-PCR. ***p < 0.001 by Wilcoxon signed-rank test.

Figure 4. Knockdown of GIHCG inhibits proliferation and migration of RCC cells. A, GIHCG expression levels in 786-O cells 
after transfection of GIHCG specific siRNAs or control siRNA were measured by qRT-PCR. B, GIHCG expression levels in 
Caki-1 cells after transfection of GIHCG specific siRNAs or control siRNA were measured by qRT-PCR. C, Cell proliferation of 
786-O cells after transfection of GIHCG specific siRNAs or control siRNA was measured by CCK-8 assays. D, Cell proliferation 
of Caki-1 cells after transfection of GIHCG specific siRNAs or control siRNA was measured by CCK-8 assays. E, Cell migration 
of 786-O cells after transfection of GIHCG specific siRNAs or control siRNA was measured by transwell assays. F, Cell migra-
tion of Caki-1 cells after transfection of GIHCG specific siRNAs or control siRNA was measured by transwell assays. Results are 
presented as mean ± SD of 3 independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by Student’s t-test.
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Circulating GIHCG Could Monitor RCC 
Dynamics

To further explore the clinical significances 
of serum GIHCG in RCC, we calculated the 
correlation between GIHCG expression levels 
in RCC patients’ serum and that in RCC tissues 
of the above used 46 RCC patients. The results 
showed a significant positive correlation be-
tween RCC patients’ serum GIHCG level and 
GIHCG expression in CC tissues (r = 0.862, p 
< 0.001) (Figure 3A). In addition, we measured 
serum GIHCG level in 20 post-surgery RCC 
patients who received radical resection. The 
results showed that serum GIHCG level was 
markedly decreased in post-surgery RCC pa-
tients compared with that in pre-surgery RCC 
patients (Figure 3B). Taken together, these re-
sults suggested that serum GIHCG could moni-
tor RCC dynamics.

Knockdown of GIHCG Inhibits 
Proliferation and Migration of RCC Cells

To investigate the biological roles of GIHCG in 
RCC cells, we knocked-down GIHCG expression 
in RCC cells 786-O and Caki-1 by transfecting 
GIHCG specific siRNAs. As shown in Figure 4A-
4B, both siRNAs could knock-down GIHCG ex-
pression in both 786-O and Caki-1 cells. CCK-8 
assays showed that knockdown of GIHCG by both 
siRNAs significantly decreased cell proliferation 
of 786-O and Caki-1 cells (Figure 4C-4D). Tran-
swell migration assays showed that knockdown of 
GIHCG by both siRNAs significantly decreased 
cell migration of 786-O and Caki-1 cells (Figure 
4E-4F). Taken together, these results suggested 
that knockdown of GIHCG inhibits proliferation 
and migration of RCC cells.

Discussion

Compared with other cancers, there are no bi-
omarkers available for RCC screening in routine 
clinical practice. Exploring novel non-invasive re-
liable biomarkers for RCC screening is critical for 
early diagnosis of RCC patients and improving the 
overall prognosis of RCC patients31. In this study, 
we first identified the presence of GIHCG in the se-
rum of RCC patients. Our results revealed that GI-
HCG is upregulated in the serum of RCC patients 
compared with that in healthy controls. Serum GI-
HCG level is positively correlated with TNM stag-
es of RCC patients. Our data also demonstrated that 
serum GIHCG level not only discriminates RCC 

patients from healthy controls, but also discrimi-
nates early stage (TNM stage I) RCC patients from 
healthy controls. Thus, our data suggested that se-
rum GIHCG may serve as a diagnostic biomarker 
for RCC. Furthermore, our results also revealed 
that serum GIHCG level is positively associated 
with GIHCG expression level in RCC tissues. Af-
ter radical resection of RCC, serum GIHCG level is 
markedly reduced to a normal level. These results 
suggested that serum GIHCG could indicate RCC 
dynamics and be used to monitor RCC recurrence 
or progression after surgery. Collectively, these 
data showed the important clinical values of serum 
GIHCG. Except for this study, other reports have 
shown the clinical applications of lncRNAs for liq-
uid biopsies in RCC. Wu et al31 identified a 5-ln-
cRNA signature, including lncRNA-LET, PVT1, 
PANDAR, PTENP1 and linc00963 that could dis-
tinguish RCC patients from healthy controls and 
benign renal tumors. Qu et al32 reported that plas-
ma lncARSR indicates sunitinib response of RCC 
patients. These reports further confirmed the clini-
cal values of lncRNAs as non-invasive biomarkers 
for RCC. Completely measuring all the dysregu-
lated lncRNAs in RCC patient’s serum in enlarged 
clinical samples would promote the identification 
of more reliable lncRNAs biomarkers. These stud-
ies need further explorations.

We also detected the expression of GIHCG in 
RCC tissues. Our results revealed that GIHCG 
is significantly upregulated in RCC tissues com-
pared with that in adjacent normal renal tissues. 
Increased expression of GIHCG is positively 
correlated with advanced TNM stages and Fuhr-
man grades. Furthermore, increased expression 
of GIHCG indicates poor survival of RCC pa-
tients. Several other lncRNAs were also reported 
to be dysregulated in RCC tissues and associat-
ed with prognosis of RCC patients, such as ln-
cRNA-SARCC, TCL6, HEIRCC, lncRNA-ATB, 
MRCCAT1, and et al33-37. These reports demon-
strated the importance of lncRNAs in RCC.

Loss-of-function assays showed that deletion 
of GIHCG significantly represses cell prolifera-
tion and migration of RCC cells, which is consis-
tent with the reported oncogenic roles of GIHCG 
in HCC.

Conclusions

Our study first reports the upregulation of GI-
HCG in RCC patients’ serum and tissues. GIHCG 
could serve as a potential diagnostic and prognos-
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tic biomarker for RCC. Furthermore, GIHCG has 
oncogenic roles in RCC and could serve as a po-
tential therapeutic target for RCC.
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