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Loss of Cirbp expression is correlated with the
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Purpose: The correlation of cold-inducible RNA-binding protein (Cirbp) expression with
clinicopathological features including patient prognosis in nasopharyngeal carcinoma (NPC)
was investigated.

Methods: The expression of Cirbp in NPC cell lines and tissue specimens was examined by
gRT-PCR or immunohistochemistry (IHC).

Results: Immunohistochemistry (IHC) results showed that high Cirbp expression was detected in 61
of 61 non-cancerous nasopharyngeal squamous epithelial biopsies, whereas the significantly reduced
expression of Cirbp was observed in NPC specimens. In addition, IHC assay for Cirbp protein
illustrated that the cells of 177 NPC samples and nasopharyngeal squamous epithlial cells displayed
strong signals in nuclei and faint signals in cytoplasm, whereas Cirbp protein is mainly detected in the
cell’s cytoplasm in many other cancers. More importantly, TNM classification displayed that the low
expression of Cirbp was more frequently observed in T3-T4, N2-N3, M1 and III-IV NPC biopsies,
and undifferentiated carcinoma (UDC) than T1-T2, NO-N1, MO and I-II tumors, and differentiated
nonkeratinizing carcinoma (DNKC), suggesting that Cirbp loss is a key molecular event in advanced
cases of NPC. Kaplan—Meier survival analysis indicated that NPC patients showing lower Cirbp
expression had a significantly shorter overall survival time than those with high Cirbp expression.
Multivariate analysis suggested that the level of Cirbp expression was an independent prognostic
indicator for NPC survival. Finally, we revealed a significant positive association between Cirbp
expression and E-cadherin, and a notable negative correlation between Cirbp expression and Ki67
labeling index in NPC biopsies.

Conclusion: Collectively, these findings demonstrate that loss of Cirbp expression is
correlated with malignant progression and poor prognosis in NPC.

Keywords: cirbp, nasopharyngeal carcinoma; NPC, TNM stage, prognosis, E-cadherin,
Ki67

Introduction

Human nasopharyngeal carcinoma (NPC) is a squamous cell carcinoma originated
from the human nasopharyngeal mucosal epithelium.'* NPC is common in south-
ern China (mainly in Guangdong province) with an incidence rate of about 20 per
100,000 people each year.'* Unfortunately, the majority of NPC patients tend to
present with more advanced disease when first diagnosed because of its deep
location and vague symptoms.' As such, the local invasion and early distant
metastases are often present at initial diagnosis, thereby leading to a poor prognosis
in the patients with NPC."? Thus, the better understanding of the cellular and
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molecular mechanisms involved in the NPC pathogenesis
is essential for early diagnosis, prognostic prediction and
the development of novel therapeutic strategies for NPC
patients.

Cold-inducible RNA-binding protein (Cirbp, also
known as A18 hnRNP or CIRP) is a member of the cold
shock protein family and a general stress-response protein
that is induced by varieties of cellular stresses, such as UV
irradiation, hypoxia, heat shock and cold treatment.’”’
Cirbp is ubiquitously expressed in wide variety of tissues
and cells of human and mice, including brain, lung, heart,
kidney, retina, testis, liver, ovary, lymphocytes and endo-
metrium, while Cirbp is mainly localized in the nucleus,
but can translocate from the nucleus into the cytosol under
stress conditions.>**™® Cirbp exerts its function either
through its RNA-binding activity by binding its target
genes intracellularly or acts as a secreted damage-asso-
ciated molecular pattern triggering inflammatory response
extracellularly.>**® Through the regulation of its targets,
Cirbp has been implicated in diverse physiological and
pathological processes, including cell proliferation and
differentiation, cell senescence, cell survival and apopto-
sis, oxidative stress, DNA damage and repair, immune and
inflammatory responses, telomere maintenance, circadian
rhythm, spermatogenesis, tumor formation and progres-
sion, etc.>*® Recent study reported that PARP-1—depen-
dent recruitment of Cirbp promotes double-strand break
repair and genome stability.” In summary, Cirbp is a highly
conserved multifunctional protein in vertebrates and
expressed in various cells and participates in various phy-
siological and pathological processes in vivo. A better
understanding of the detailed mechanisms of Cirbp upre-
gulated expression and translocation still needs to be
further studied.

Cirbp plays a divergent role in various cancers, depend-
ing on different cell context. Evidences from these studies
in rectal carcinoma, endometrial carcinoma and ovarian
tumor showed that Cirbp functions as a tumor suppressor,
whereas Cirbp exerts its pro-tumorigenic influences on
melanoma, breast cancer, colorectal cancer, prostate cancer,
central-nervous-system-related tumor, liver-pancreas carci-
nomas, skin squamous cell carcinoma, bladder cancer and
pituitary corticotroph adenoma,®® suggesting that Cirbp has
context-dependent oncogenic and tumor suppressor func-
tions in cancer progression. However, the involvement of
Cirbp in NPC progression has not yet been investigated.

To dissect the functions of Cirbp in NPC pathogenesis,
the purpose of this study is to investigate the expression

profile of Cirbp in human NPC clinical tissue biopsies, and
subsequently analyze the potential associations of this
protein expression levels with clinicopathological features,
prognosis and overall survival in NPC patients.

Materials and methods

Cell lines and cell culture

Human NPC cell lines (ie, CNEl, CNE2, SUNEI,
HONEI1, HONE1-EBYV, S18, S26 and 5-8F) and human
immortalized nasopharyngeal epithelial cell line (ie, NP69
cells) were kindly provided from Prof. Qiao Tao (Chinese
University of Hong Kong, Hong Kong, China), Prof. S.-W.
Tsao (University of Hong Kong), Prof. Yixin Zeng (Sun
China) and Prof.
Musheng Zeng (Sun Yat-sen University, Guangzhou,

Yat-Sen University, Guangzhou,
China). NPC cell lines and NP69 cell line were approved
by the Institutional Review Board of Southern Medical
University. NPC cell lines were cultured in RPMI 1640
medium supplemented with 10% fetal bovine serum (FBS)
in a humidified incubator with 5% CO, at 37°C, while
NP69 cell line was maintained in keratinocyte/serum-free
medium (Invitrogen).

Patients and tumor tissues
14 fresh NPC tissue specimens and 14 fresh non-cancerous
nasopharyngeal epithelial tissues (NP) (ie, chronic naso-
pharyngitis tissues) (for gRT-PCR) were collected from the
Department of Otorhinolaryngology, Head and Neck
Surgery, Zhujiang Hospital, Southern Medical University,
Guangzhou, China, while other 24 fresh NPC tissue speci-
mens and 9 fresh non-cancerous nasopharyngeal epithelial
tissue samples were collected from the Department of
Pathology, The Second Affiliated Hospital, Guilin
Medical University, Guilin, China. None of the NPC
patients received preoperative radiotherapy or chemother-
apy. The clinicopathologic variables and related informa-
tion of NPC biopsies were collected as previously
described.”'® All fresh samples were frozen immediately
in liquid nitrogen. This study was approved by the Ethics
Committee of Zhujiang Hospital of Southern Medical
University and The Second Affiliated Hospital of Guilin
Medical University. Before the use of these clinical sam-
ples, informed consent from the patients was obtained.
Furthermore, we used a tissue microarray (TMA)
encompassing 61 non-cancerous nasopharyngeal epithelia
tissue punches and 177 NPC tissue punches from forma-
lin-fixed paraffin-embedded tumor samples collected from
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patients diagnosed with primary NPC between 2005 and
2010 at the Department of Pathology, the Second
Affiliated Hospital of Guilin Medical University in
Guilin, China. The application of tissue microarray was
approved by the FEthics Committee of the Second
Affiliated Hospital of Guilin Medical
Histopathologic data were obtained from the pathology

University.

reports, and raw patient survival data were obtained from
the patient’s attending physician. Retrieval of tissue and
clinical data was performed according to the regulations of
the institutional review boards (IRB) of the Second
Affiliated Hospital of Guilin Medical University and data
safety laws with specific regard to ethical standards and
patient confidentiality. The follow-up time was 60 months,
and the mean age of the patients at diagnosis was 63 years
(range 18-78 years).

RNA isolation and quantitative real-time
PCR (qRT-PCR)

RNA isolation and qRT-PCR were previously well
described.'' "¢ Briefly, total RNA was extracted from cells
or fresh tissue specimens using Trizol Reagent (TaKaRa,
Dalian, China) according to the manufacturer’s instruction.
Then, mRNA was reversely transcribed to cDNA using the
PrimeScript RT reagent Kit (TaKaRa). To evaluate the
mRNA levels of a number of genes, qQRT-PCR was per-
formed on LightCycler™ 96 qRT-PCR system (Roche,
Switzerland) using SYBR Premix Ex Taq (Takara).
GAPDH was used as the internal control. GAPDH forward
primer:  5-ACCCAGAAGACTGTGGATGG-3',  and
GAPDH reverse primer: 5-TCTAGACGGCAGGTCAGGT
C-3'; Cirbp forward primer: 5-AGGGCTGA GTTTT
GACACCAA-3', and Cirbp reverse primer: 5-ACAA
ACCCAAATCCCCGAGAT-3'; E-cadherin forward primer:
5'- ATTTTTCCCTCGACACCCGAT-3', and E-cadherin
reverse  primer: 5'-TCCCAGGCGTAGACCAAGA-3';
Ki67 forward primer: 5'- TATCAAAAGGAGCGGGGT
CG-3', and Ki67 reverse primer: 5- TTTCATACCTTCC
AAACAAGCAG-3'. All samples were normalized to inter-
nal controls and fold changes were calculated based on
relative quantification (2~ ).

Immunohistochemistry (IHC)

Histological analysis and immunohistochemical staining
were performed as described previously.'' '*!7'® Briefly,
for immunohistochemical staining, 4-um sections of the
TMA blocks were deparaffinized, rehydrated. Then the

paraffin-embedded sections were subjected to high pres-
sure for 3 mins for antigenic retrieval in sodium citrate
buffer (10 mM Sodium Citrate, 0.05% Tween 20, pH 6.0)
for 3 mins. After antigenic retrieval, the sections were
blocked with 3% H,0O, for 10 mins, and subsequently
incubated overnight at 4°C with the following primary
antibodies: Cirbp (Proteintech, Cat No. 10,209-2-AP), E-
cadherin (BD, Cat No. 610,182) and Ki67 (Abcam, Cat
No. ab16667). The slides were then stained with a goat
anti-rabbit secondary antibody (UltraSensitiveTM SP THC
Kit, Maxim biotechnologies, Fuzhou, China; Cat No. KIT-
0105R) at 37°C for 20 mins. Finally, the sections were
stained with diaminobenzidine (DAB) and counterstained
with hematoxylin. As Cirbp was expressed in the nucleus
of almost all tumor cells and nasopharyngeal epithelial
cells, only staining intensity was evaluated for IHC
score. Staining intensity is classified as 0 (negative); 1
(weak); 2 (moderate); and 3 (strong). The scores 0 and 1
are defined as low, and the scores 2 and 3 are defined as
high. Histopathology and immunohistochemistry were
evaluated independently by two pathologists without
knowledge of the clinicopathological results of the
patients.

Statistical analyses

Statistical analyses were performed using the SPSS 20.0
software package. The y* test was used to analyze the
association between clinicopathological characteristics
and Cirbp expression. Overall survival (OS) was measured
from the onset of treatment to the date of death or the
survival status at the last date of follow-up. OS probabil-
ities were estimated by the Kaplan—Meier method and the
significance of differences was assessed by the log-rank
test. Two-tailed Student’s #-test was used for comparisons
of two independent groups. The data were presented as
mean + SEM. Values are statistically significant at
*P<0.05, **P<0.01 and *P<0.001.

Results
Cirbp mRNA is expressed at low levels in

NPC cell lines and tissue specimens

To evaluate the potential functions of Cirbp in NPC
progression, qRT-PCR assay was performed to quan-
tify the transcript abundance of Cirbp in eight NPC
cell lines, 38 freshly collected NPC tissues and 23
freshly collected non-cancerous nasopharyngeal biop-

sies (NP tissues). Our results revealed that the
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Figure | Cirbp was downregulated in the clinical tissue specimens of nasopharyngeal carcinoma (NPC). (A) Cirbp expression in the indicated 8 NPC cell lines were
measured by qRT-PCR. (B) The levels of Cirbp transcript were examined in 38 NPC clinical specimens and 23 non-cancerous nasopharyngeal (NP) biopsies by qRT-PCR. (C,
D,E) The expression levels of Cirbp in NPC clinical specimens and non-cancerous nasopharyngeal biopsies from GEO datasets. (F) Cirbp expression in NPC and non-
cancerous nasopharyngeal epithelial tissues based on IHC. a and b: High expression of Cirbp in non-cancerous nasopharyngeal epithelial tissues; ¢ and d: low Cirbp
expression in NPC tissue biopsies; e and f: high Cirbp expression in NPC tissue biopsies. The brown staining shows Cirbp immunoreactivity. (G) Cirbp expression was
markedly lower in the NPC tissue biopsies than that in the non-cancerous nasopharyngeal epithelial tissues.

expression of Cirbp mRNA transcripts was markedly
down-regulated in NPC cell lines, such as CNEI,
CNE2, SUNE1, HONE1, HONEI-EBV, S18, S26 and
5-8F (Figure 1A), compared with NP69
Compared with NP tissues, NPC tissue biopsies

cells.

displayed the decreased expression levels of Cirbp
mRNA (P<0.001) (Figure 1B). Additionally, three
GEO datasets revealed that the down-regulated expres-
sion of Cirbp was observed in NPC tissues as com-
pared with NP tissues (Figure 1C,D,E). Collectively,
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the qRT-PCR analysis and GEO datasets clearly
showed that the reduced Cirbp expression was fre-
quently detected in NPC cell lines and NPC clinical
tissue biopsies.

Immunohistochemical analysis of Cirbp
protein expression in NPC and NP

tissues

Next, we examined the expression levels and subcellular
localization of Cirbp protein in 177 paraffin-embedded,
archived NPC biopsies and 61
archived non-cancerous NP samples using immunohisto-
chemistry (IHC) staining. IHC results revealed that high
expression of Cirbp was detected in 61 of 61 non-cancer-
ous NP squamous epithelial cells (100%)(Figure 1F,G and
Table 1). In contrast, among 177 NPC samples, 95 samples

paraffin-embedded,

(53.7%) exhibited low or no expression of Cirbp and 82
samples (46.3%) showed high Cirbp staining (Figure 1F,G
and Table 1). Therefore, the results from IHC staining
demonstrate that Cirbp downregulation more frequently
occurred in NPC tissue biopsies than in their non-cancer-
ous counterparts.

Furthermore, IHC assay for Cirbp protein subcellular
localization illustrated that the cells of 177 NPC sam-
ples and nasopharyngeal squamous epithelial cells dis-
played strong signals in nuclei and faint signals in
cytoplasm (Figures 1F and 2A), whereas Cirbp protein
is mainly detected in the cell’s cytoplasm in many other
cancers.

Cirbp downregulation in NPC specimens
was associated with aggressive and/or
poor prognostic phenotypes of NPC

The relationship between Cirbp expression and a number
of clinicopathologic characteristics of the patients with
NPC was in Table 2. No

summarized significant

association was identified between Cirbp expression and
the age (P=0.781) and sex (P=0.883) of 177 NPC cases
(Table 2). However, we found that Cirbp expression level
was correlated inversely with the tumor size (T classifica-
tion)(P<0.001), lymph node invasion (N classification)
(P<0.001), distant metastasis (M classification)(P=0.001),
clinical stage (I-1I versus III-IV) (P<0.001) and histolo-
gical subtype (P=0.002) in 177 NPC patients (Figure 2A,B
and Table 2). Briefly, low expression of Cirbp was more
frequently detected in T3-T4, N2-N3, M1 and III-IV NPC
biopsies, and undifferentiated carcinoma (UDC) than
T1-T2, NO-N1, MO and I-II tumors, and differentiated
nonkeratinizing carcinoma (DNKC) (Figure 2A,B and
Table 2), indicating that Cirbp loss is a key molecular
event in advanced cases of NPC.

Moreover, given that Cirbp downregulation was asso-
ciated with advanced NPC, we further evaluated the prog-
nostic value of Cirbp expression for NPC patients. A
negative correlation between the level of Cirbp protein
expression and the overall survival of NPC patients was
identified based on Kaplan—-Meier analysis of the log-rank
test (Figure 3F). Kaplan—Meier survival analysis indicated
that the patients with lower levels of Cirbp expression had
poorer overall survival than those with higher levels of
Cirbp expression (P=0.009; Figure 3F). Kaplan—Meier sur-
vival analysis indicated that patients who had high Cirbp
expression levels had a better outcome (P=0.0089; Figure
3F). Additionally, univariate analyses revealed that histolo-
gical type, T, N and M classification, and clinical stage were
associated significantly with the overall survival of NPC
patients (P=0.046, P=0.020, P=0.018, P<0.001 and
P=0.024, Figure 3A,B,C, Figure 3A,D,
Figure 3A,E and Table 3). Multivariate analysis was per-

respectively;

formed to identify independent prognostic factors for the
patients with NPC. Multivariate Cox regression analysis
indicated that age (P=0.015), histological type (P=0.000),
lymph node metastasis (P=0.008), distant metastasis
(P=0.000), clinical stage (P=0.008) and Cirbp expression

Table | Expression of Cirbp in 61 non-cancerous nasopharyngeal (NP) epithelial tissues and 177 nasopharyngeal carcinoma (NPC)

tissues
Variables n Cirbp expression %2 P
Low, n (%) High,
n (%)
Non-cancerous NP epithelial tissues 6l 0 (0.0) 61 (100.0) 54.491 <0.001
NPC 177 95 (53.7) 82 (46.3)
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Figure 2 Cirbp downregulation was associated with the tumor malignant progression in NPC patients. (A) Representative pictures of Cirbp expression in nasopharyngeal carcinoma
(NPC) clinical biopsies of different TNM stages, clinical stage and histological type. High expression of Cirbp was detected in the T| (a), NO (c), MO (e) and | (g) stages, and differentiated
nonkeratinizing carcinoma (DNKC)(i) of NPC biopsies, while low expression of Cirbp was observed in the T3 (b), N2 (d), M1 (f) and IV (h) stages, and undifferentiated carcinoma
(UDC)(j) of tumor. (B) The number and percentage of low and high expression of Cirbp based on different clinicopathological features. “P<0.01 and #P<0.001.

(P=0.000) were independent prognostic factors for NPC
patients (Table 3). Therefore, Cirbp downregulation in
advanced cases of NPC was markedly associated with the
poor prognosis of patients with NPC, whereas Cirbp expres-
sion was an independent prognostic factor for NPC patients.

Association between Cirbp expression
and e-cadherin or Kié7 expression in

clinical NPC specimens

We further identified the association between the expression of
EMT-related marker (ie, E-cadherin) and Cirbp in 177 cases of
human primary NPC tissues. Representative pictures of immu-
nohistochemical staining in NPC tissues are shown in Figure
4A. Statistical analyses revealed a significant positive associa-
tion between E-cadherin and Cirbp expression in NPC biopsies
(Figure 4B and Table 4). We further analyzed the expression
levels of Cirbp and E-cadherin in NP69 and NPC cell lines, and
gRT-PCR analysis revealed that Cirbp and E-cadherin were
markedly downregulated at mRNA levels when compared
with NP69 (Figure 4C). Summarily, Cirbp might be also asso-
ciated with reduced EMT phenotype in human NPC tissues.

We further determined the association between the prolif-
eration index Ki67 and Cirbp expression in 177 cases of
human primary NPC tissues. Representative pictures of immu-
nohistochemical staining in NPC tissues are shown in
Figure 3A. Chi-square test showed a significant negative
correlation between Cirbp expression and Ki67 labeling
index in NPC (P<0.001) (Figure 4B and Table 4). qRT-PCR
analysis revealed that Cirbp and Ki67 were markedly down-
regulated at mRNA levels when compared with NP69 (Figure
4D). Briefly, NPC samples which had lower level of Cirbp
expression also had a higher Ki67 labeling index, whereas
NPC samples which had lower level of Cirbp expression had a
higher Ki67 labeling index (Figure 4B and Table 4).

Discussion

It is well known that NPC is a unique malignant head and neck
cancer with a remarkably distinctive global ethnic and geo-
graphic distribution among the world.' The majority of NPC-
related deaths are attributed to distant metastasis rather than
the primary tumor.'> However, the molecular mechanisms of
NPC malignant progression are not yet well understood.
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Table 2 Association between the clinicopathological features and Cirbp expression in 177 nasopharyngeal carcinoma (NPC) tissue

specimens
Characteristics Case No. (n) Cirbp expression x2 P
High, n (%) Low, n (%)

Sex
Female 46 20 (43.5) 26 (56.5) 0.078 0.781
Male 131 62 (47.3) 69 (52.7)

Age (years)
<50 82 37 (45.1) 45 (54.9) 0.022 0.883
250 95 45 (47.4) 50 (52.6)

Histological type
DNKC 28 21 (75.0) 7 (25.0) 9.670 0.002
ubcC 149 61 (40.9) 88 (59.1)

T classification
TI-T2 118 68 (57.6) 50 (42.3) 16.839 <<0.001
T3-T4 59 14 (27.1) 45 (72.9)

N classification
NO-NI 16 65 (56.0) 51 (44.0) I1.647 <<0.001
N2-N3 6l 17 (27.9) 44 (72.1)

M classification
MO 141 75 (53.2) 66 (46.8) 11.813 0.001
Ml 36 7 (194 29 (80.6)

Clinical stage
-1 59 40 (67.8) 19 32.2) 15.135 <<0.001
I -1v 118 42 (35.6) 76 (64.4)

Abbreviations: DNKC, differentiated nonkeratinizing carcinoma; UDC, undifferentiated carcinoma.

Accumulated evidence demonstrates the tumor suppressor
or oncogenic functions of Cirbp in the progression of various
cancers.” ® In this study, we observed the significantly reduced
expression of Cirbp in NPC cell lines and tissue specimens.
Similarly, the decreased expression of Cirbp was observed in
endometrial'® and ovarian cancer.? Cirbp’s initial functions as
a tumor suppressor were established during hypothermic stress
and DNA damage.”"** The previous studies revealed that
Cirbp may function as a tumor suppressor via suppressing
cell proliferation, potentially via its function in the DNA
damage response.'*?*?*2* In contrast, Cirbp with capability
of promoting cell proliferation is upregulated in a subgroup of
patients with solid cancers, including melanoma, prostate,
breast, colon, central-nervous-system-related, liver and blad-
der cancers, oral squamous cell carcinoma and pituitary ade-
noma, and functions as a proto-oncogene in the
aforementioned cancers.> ****® More importantly, this study
revealed a tendency toward lower Cirbp expression in samples
from patients of clinical stages III-1V, T3-T4, N2-N3, M1 or
UDC compared to those of I-II, T1-T2, NO-N1, M1 or

DNKGC, respectively. Furthermore, our IHC results showed
that the level of Cirbp expression inversely correlated with
the proliferation marker Ki67 in human NPC clinical tissue
specimens, while Cirbp expression level was correlated inver-
sely with the tumor size (T classification) in 177 NPC patients.
Additionally, the high levels of Cirbp expression in human

breast cancer,29 liver cancer,3°’3 !

27,33

colon cancer,*® pituitary

. 2 .
oral squamous cell carcinoma®® are associated
46,7

adenoma,
with a short survival rate or poor prognosis, ™’ whereas we
found that the low levels of Cirbp expression in NPC are
associated with a short survival rate. These findings from
NPC cell lines and tissue specimens strongly suggested that
Cirbp might function as a tumor suppressor in the pathogen-
esis of NPC, which remains to be fully investigated.

Cirbp is mainly localized in the nucleus, but under
various stresses (ie, hypoxia and UV radiation). Cirbp
protein can translocate from the nucleus to the cytoplasm,
and then regulate mRNA stability by binding to the 3'-
UTR of stress-responsive transcripts.>**"® Cirbp is
downregulated in endometrial and ovarian cancers, and
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Figure 3 Cumulative Kaplan—Meier overall survival curves of |77 nasopharyngeal carcinoma (NPC) patients. (A) Survival curves for NPC patients with DNKC and UDC.
(B-E) Survival curves for NPC patients according to TNM staging and clinical stage. (F) Cumulative overall survival curves of 177 NPC patients with different Cirbp
expression (high or low). The P-value was calculated by log-rank test.

Abbreviations: DNKC, differentiated nonkeratinizing carcinoma; UDC, undifferentiated carcinoma.

Table 3 Univariate and multivariate analyses of the overall survival of 177 patients with nasopharyngeal carcinoma (NPC)

Variables Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% CI) P

Gender

Female vs Male 1.747 (0.837-3.646) 0.137 2.355 (0.878-6.312) 0.089
Age (y)

<50 vs 250 0.770 (0.427-1.390) 0.386 2.565 (1.197-5.497) 0.015
Histological type

DNKC vs UDC 2.150 (0.941-4.909) 0.046 6.588 (2.462-17.631) 0.000
T classification

TI-T2 vs T3-T4 0.474 (0.253-0.887) 0.020 0.582 (0.229-1.484) 0.257
N classification

NO-N1T vs N2-N3 0.475 (0.256-0.881) 0.018 0.291 (0.118-0.721) 0.008
M classification

No vs Yes 0.146 (0.067-0.318) <0.001 0.11 (0.04-0.299) 0.000
Clinical stage

I-11 vs HI-1V 0.481 (0.255-0.907) 0.024 0.228 (0.077-0.677) 0.008
Cirbp expression

High vs Low 2.196 (1.218-3.960) 0.009 5.388 (2.474-11.734) 0.000

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; DNKC, differentiated nonkeratinizing carcinoma; UDC, undifferentiated carcinoma.
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Figure 4 Association between Cirbp expression and E-cadherin expression or proliferation index Ki67. (A) Representative pictures of IHC staining of Cirbp, E-cadherin and
Ki67 in nasopharyngeal carcinoma (NPC) tissue biopsies. (B) The number and percentage of cases with high or low expression of the indicated genes. (C) The expression of
Cirbp and Ki67 in NP69 and NPC cancer cell lines was examined by qRT-PCR. (D) The expression of Cirbp and E-cadherin in NP69 and NPC cancer cell lines was examined

by qRT-PCR. "P<0.05, “P<0.0! and #P<0.001.

Table 4 Correlation between Cirbp and E-cadherin & Kié in 177 nasopharyngeal carcinoma (NPC) tissue specimens

Markers Case no. Cirbp expression r P
High, n (%) Low, n (%)

E-cadherin
High 88 57 (64.8) 31 (35.2) 0.368 <<0.001
Low 89 25 (28.1) 64 (71.9)

Ki67
<30 78 52 (66.7) 26 (33.3) 0.371 <<0.001
=30 102 30 (29.4) 72 (70.6)

Note: Spearman correlation.

upregulated in solid cancers including human colon can-
cer, liver cancer, prostate cancer, central-nervous-system-
related cancer and squamous cell carcinoma, in which
Cirbp protein is mainly detected in the cytoplasm of

tumor cells, indicating that Cirbp cytoplasmic transloca-
tion may have biological significances in human tumor
progression.®7:1920:2534736 The cytoplasmic localization
of Cirbp protein in cancers is consistent with the fact
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that most solid tumors develop hypoxic regions, and
Cirbp protein translocates to the cytosol in response to

6.7.19.20.25.34.35.37.38 1y contrast, the subcellular

hypoxia.
localization of Cirbp protein was mainly found in the
nuclei of tumor cells among 177 NPC samples and naso-
pharyngeal epithelial cells in 61 non-cancerous NP tissue
samples, whereas the faint signals of Cirbp protein were
observed in the cytoplasm of NPC tissue cells and naso-
pharyngeal epithelial cells. More direct evidences and
details about Cirbp functions in NPC cell nuclei need to
be further revealed.

Multiple high-throughput screening methods revealed
that a panel of adhesion molecules, including oE- and -
catenin, C- and E-cadherin and paraxial proto-cadherin, has
been identified as the targets of Cirbp in Xenopus.***® Our
results showed a significant positive association between E-
cadherin and Cirbp expression in NPC biopsies. These
results suggest broad targets and multiple roles of Cirbp in
NPC progression (ie, EMT, invasion and metastasis), which
remains to be fully examined.

Conclusion

In summary, the present study demonstrates that the
expression levels of Cirbp are significantly decreased in
NPC cell lines and tissue specimens, and the loss of Cirbp
expression is closely correlated with malignant progres-
sion and poor prognosis in NPC. Additionally, further
functional studies will be required to fully dissect the
roles of Cirbp in NPC progression and underlying
mechanisms.

Abbreviation list

Cirbp, cold-inducible RNA-binding protein; DNKC, dif-
ferentiated non-keratinizing carcinoma; EMT, epithelial-
IHC,
NPC, nasopharyngeal carcinoma; TMA, tissue microarray;

mesenchymal transition; immunohistochemistry;

UDC, undifferentiated carcinoma.
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