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Abstract: Background: Cervical small cell carcinoma (SCCC) is uncommon and little is known about its molecular
markers. Karyopherin a2 (KPNA2) has been demonstrated in a variety of malignancies. Our objective was to de-
termine whether the KPNA2 level is predictive of clinical outcome in patients with SCCC. Methods: We detected
KPNA2 expression by immunohistochemistry in SCCC tumors from 62 patients. The staining results were evaluated
by H-score. The correlation among KPNA2 expression level, clinical characteristics, and prognosis was analyzed.
Results: KPNA2 expression was detected in tumor tissue from 55 patients with SCCC (55/62, 89%). High KPNA2
expression correlated significantly with International Federation of Gynecology and Obstetrics staging (P=0.035),
tumor size (P=0.019), poorer overall survival (0S) (P=0.008), and poorer disease-free survival (P=0.004) compared
to low KPNA2 expression. Multivariate analysis showed that KPNA2 expression level (P=0.037) and tumor size
(P=0.046) were independent prognostic factors of 0OS. Conclusions: KPNA2 may be a molecular marker and indica-

tor of prognosis in SCCC.
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Introduction

Neuroendocrine or small cell carcinoma of the
cervix (SCCC) is a rare and aggressive cervical
cancer [1]. Its characteristic is a high occur-
rence of nodal and distant early metastasis.
Compared to other cervical cancer subtypes,
SCCC has a poorer prognosis [2, 3], and identi-
fying molecular markers and prognostic factors
for SCCC and improving treatment strategy is
important. However, because it is rare, most
SCCC studies have consisted only of case re-
ports or small series. Randomized controlled
clinical trials of therapy and disease manage-
ment are difficult to perform.

Cellular transport machinery deregulation is
common in tumors. Accordingly, the expression
of karyopherin a2 (KPNA2), a nucleocytoplas-
mic transport-related protein, is increased in
several cancers, including cervical [4], esopha-
geal [5], lung [6], prostate [7], brain [8], liver [9],
and bladder [10] cancers, and melanoma [11].
As different cancers frequently feature KPNA2

overexpression, KPNA2 levels might also be
upregulated in SCCC.

Human epithelial ovarian carcinoma (EOC) cell
lines and tissues overexpress KPNA2 [12].
Moreover, KPNA2 overexpression has been cor-
related with poor prognosis in both EOC [12]
and malignant tumors of ovarian germ cells
[13]. Nevertheless, there has been no investi-
gation of the KPNA2 expression level in patients
with SCCC and its correlation with prognosis.
Accordingly, we investigated KPNA2 expression
in such patients and correlated it with their
prognosis and the SCCC clinicopathologic fea-
tures.

Materials and methods
Samples and cases

Tissues obtained from 62 patients from the
Sun Yat-Sen University Cancer Center were
fixed in formalin and embedded in paraffin.
Patients were included if they had undergone
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Table 1. Univariate analysis of clinicopathologic factors

associated with KPNA2 expression

KPNA2 expression

tions were deparaffinized with xylene,
then rehydrated using a series of grad-
ed ethanol. The sections were treated

Variable Low % High % P-value with routine procedures and incubated
at 4°C overnight in rabbit anti-KPNA2
Age (vears) polyclonal antibody (1:100 dilution in
<40 13 520 12 480 blocking solution; 10819-1-AP, Protein-
>40 20 541 17 459 0.539 tech), then incubated with secondary
FIGO stage antibody conjugated to horseradish
I-lla 29 617 18 383 peroxidase (MaxVision Immunohisto-
lb-IV 4 26.7 11 73.3 0.035 chemical Detection Kit, MXB). We wa-
Tumor homology shed the s.ections,. ;tained them with
Pure 22 579 16 4241 3, _3’-d|am|nobenZ|d|m_a tetrahydrogh-
Mixed 11 524 10 476 0.786 loride, anq counterstained .them with
) ] hematoxylin. We assessed immunore-
Depth of stromal invasion activity according to the percentage of
<2/3 13 765 4 235 positive (i.e., tumor) cells and the
22/3 17 472 19 528 0.074 intensity of staining (i.e., weak, moder-
Tumor mass size ate, or strong). Two surgical patholo-
<4 cm 22 68.8 10 31.2 gists assessed the staining indepen-
>4 cm 10 35.7 18 64.3 0.019 dently with a semi-quantitative scale
Lymph node metastasis qf 0-100% with reg.a.rd to the propor-
Positive 11 478 12 522 tion of KPNA2-positive (?ancer cells.
Negative 20 60.6 13 394 0417 We use.d the average replicate sample
) ) score in subsequent analyses. Pa-
Lymphovascular space invasion tients were grouped as low and high
Positive 8 381 13 619 KPNA2 expression according to the
Negative 24 66.7 12 33.3 0.053 median score.

Bold indicates significant values.

surgery between January 2005 and September
2013, their samples were from radical hyster-
ectomy prior to radiotherapy or chemotherapy,
and comprehensive clinical data were avail-
able. We excluded biopsy specimens, patients
who had undergone neoadjuvant radiotherapy
or chemotherapy, and patients with postopera-
tive pathology of mixed SCCC.

The included patients did not undergo radio-
therapy or chemotherapy preoperatively. The
SCCC diagnosis was confirmed pathologically.
Patient and disease characteristics, including
International Federation of Gynecology and
Obstetrics (FIGO) stage, tumor homology, stro-
mal invasion depth, tumor size, lymph node
metastasis, lymphovascular space invasion,
and age at diagnosis, were evaluated. All pa-
tients provided written informed consent for
participation in this study.

Immunohistochemistry

Immunohistochemical staining for KPNA2 pro-
tein was carried out on the formalin-fixed, par-
affin-embedded tissue sections. The 4 ym sec-
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Statistical analysis

We assessed the relationship between KPNA2
expression and the SCCC clinicopathologic ch-
aracteristics with Pearson’s x? test. We evalu-
ated disease-free survival (DFS) and overall
survival (0S) with the Kaplan-Meier method
and log-rank testing. We performed multivari-
ate survival analysis for all parameters with the
Cox regression model. We performed the sta-
tistical analysis using SPSS 13 and considered
a two-sided P-value <0.05 significant.

Results
Features of SCCC clinicopathology

The 62 patients were aged 24-66 years (medi-
an 42 years). Forty-seven patients (76%) had
FIGO stage I-lla disease and 15 patients (24%)
had FIGO stage llIb-IV disease; 37% of the
patients (21/57) had lymphovascular space
infiltration and 41% (23/56) had lymph node
metastasis. The respective estimated 5-year
OS and DFS rates of the 62-patient cohort we-
re 32.7% and 28.9%. Table 1 lists the other
clinicopathologic characteristics. The last fol-
low-up was in June 2013; the median duration
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Figure 1. Immunohistochemical analysis of KPNA2 staining in SCCC
tissues. KPNA2 protein expression was significantly higher in tumor
cells compared with adjacent noncancerous tissues (A-C: case 1; D-F:

case 2).

of observation was 20 months (range 2-119
months). There were 28 SCCC-related deaths.

KPNA2 protein was frequently expressed in
Sccc

To investigate whether there was high KPNA2
protein expression in SCCC as in other tumors,
KPNA2 protein was detected by immunohisto-
chemical staining in the 62 patients. There was
KPNA2 protein expression in the SCCC tumor
cell nucleus and cytoplasm in situ. We detected
significantly higher KPNA2 expression in tumor
cells than in the adjacent noncancerous tis-
sues (Figure 1). KPNA2 expression was detec-
ted in 55 patients (89%) (Figure 2).

Correlations between KPNA2 expression and
SCCC clinicopathologic factors

We examined the correlations between KPNA2
expression and the SCCC clinicopathologic
parameters, i.e., age, FIGO stage, tumor histol-
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ogy, tumor size, and lymph node
metastasis. The SCCC tissues
from the 62 patients were catego-
rized as high KPNA2 (n=29) and
low KPNA2 (n=33) according to
the median score. In the tumor tis-
sue, there was a significant corre-
lation between high KPNA2 expre-
ssion and FIGO stage (P=0.035)
and tumor size (P=0.019). There
was no correlation with the other
clinical characteristics (Table 1).

Association between KPNA2 ex-
pression and patient prognosis

The OS and DFS curves of the high
and low KPNA2 expression groups
are depicted in Figure 3. High-
KPNA2 expression patients had
significantly inferior OS (P=0.008)
and DFS (P=0.004) to those with
low KPNA2 levels. The multivari-
ate analysis demonstrated that
KPNA2 expression level (hazard
ratio [HR] =2.689, 95% confidence
interval [Cl] =1.060-6.816; P=
0.037) and tumor size (HR=2.736,
95% Cl =1.017-7.362; P=0.046)
were independent OS prognostic
factors (Table 2).

Discussion

Uterine cervical small cell carcinoma (SCCC)
is rare (0.5-3% of cervical cancers). SCCC is
usually aggressive, and management of the
disease is difficult. Death usually occurs a few
years after diagnosis, although some have
reported long-term survival [14-16]. The Gyne-
cologic Oncology Group had endeavored to
study SCCC, but could not recruit enough
patients. Therefore, SCCC treatment decisions
are made according to small-scale studies,
and/or the extrapolation of treatment approach-
es in small cell lung cancer.

Implicated in a variety of malignancies, KPNA2
facilitates signaling molecule import into the
nucleus and response molecule export to the
cytoplasm [17]. Moreover, KPNA2 was recently
identified as a prognostic marker of progres-
sion in bladder cancer [10], prostate cancer [7],
and lung cancer [6]. We have also demonstrat-
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Figure 2. Immunohistochemical analysis of KPNA2 staining in SCCC tis-
sues. KPNA2 protein was expressed in the tumor cell nuclei and cyto-
plasm in situ. Shown are negative (case 1; A: x100 maghnification; a:
x400 magnification), weakly positive (case 2; B: x100 magnification; b:
x400 magnification), moderate (case 3; C: x100 magnification; c: x400
maghnification), and strong (case 4; D: x100 magnification; d: x400
maghnification) KPNA2 staining in the SCCC tissues.
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Figure 3. Kaplan-Meier analysis of OS (A) and DFS (B) curves of patients
with SCCC with high and low KPNA2 expression. Patients with high
KPNA2 expression had significantly poorer overall survival, OS (P=0.008)
and disease-free survival, DFS (P=0.004) than patients with low KPNA2
expression.
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ed that KPNA2 is overexpressed in
human EOC and that it correlates
with poor prognosis. In the pres-
ent study, KPNA2 protein was fre-
quently expressed in SCCC, and
high KPNA2 expression in tumor
tissue correlated significantly with
FIGO stage, tumor size, OS, and
DFS. The precise mechanism for
the oncogenic functions of KPNA2
is currently unknown. KPNA2 in-
teracts with several cancer-asso-
ciated proteins, including check-
point kinase 2 [18], NBS1 [19],
and p53 [20]. It is also involved in
translocating transcription factors
such as E2F transcription factor 1
(E2F1) [21], c-Myc [22], PLAG1
zinc finger (PLAG1) [23], and LOT1
[24]. KPNA2 promotes EOC cell
proliferation and tumorigenicity by
upregulating c-Myc and downregu-
lating Forkhead box 03 (FOXO3a)
[25]. These mechanisms contrib-
ute to the transformation of malig-
nant cells and are therapeutic
targets.

Our findings indicate that KPNA2
is a molecular and prognostic
marker in SCCC. Although the
number of cases we included is
limited, we hope that our findings
contribute to the knowledge of this
rare and aggressive tumor.
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Table 2. Multivariate Cox regression analysis of clinicopathologic factors for 0OS

Clinicopathologic factor Subset HR (95% ClI) P-value
Age (years) >40 vs. <40 0.652 (0.242-1.761) 0.399
FIGO stage IIb-IV vs. I-lla 1.430 (0.382-5.349) 0.595
Stromal invasion depth >2/3vs.<2/3 3.240 (0.927-11.329) 0.066
Tumor mass size >4 cmvs. <4 cm 2.716 (1.017-7.362) 0.046
Lymph node metastasis Negative vs. Positive 0.854 (0.241-3.026) 0.806
Lymphovascular space invasion Negative vs. Positive 0.655 (0.233-1.843) 0.422
KPNA2 expression High vs. Low 2.689 (1.060-6.816) 0.037

Bold indicates significant values.

Address correspondence to: Long Huang, Depart-
ment of Oncology, The Second Afiliated Hospital of
Nanchang University, 1 Minde Road, Nanchang
330000, Jiangxi, China. Tel: +86-13699549060;
Fax: +86-86273217; E-mail: huanglongdoctor@163.

com

References

(1]

(4]

245

Dongol S, Tai Y, Shao Y, Jiang J and Kong B. A
retrospective clinicopathological analysis of
small-cell carcinoma of the uterine cervix. Mol
Clin Oncol 2014; 2: 71-75.

Song T, Wan Q, Fang M, Zhan W, Xu H and
Shou H. Trends and predictors of survival for
small cell carcinoma of the cervix uteri: a SEER
population study. Eur J Obstet Gynecol Reprod
Biol 2020; 253: 35-41.

Zhang D and Ma X. Prognostic factors and out-
comes of early-stage small cell neuroendo-
crine carcinoma of the cervix: 37 cases from a
single center. Peer) 2019; 7: e6868.

Wang H, Xiao R and Yang B. MiR-101-3p sup-
presses progression of cervical squamous cell
carcinoma by targeting and down-regulating
KPNA2. Technol Cancer Res Treat 2021; 20:
15330338211055948.

Song H, Song J, Lu L and Li S. SNHGS8 is up-
regulated in esophageal squamous cell carci-
noma and directly sponges microRNA-411 to
increase oncogenicity by upregulating KPNA2.
Onco Targets Ther 2019; 12: 6991-7004.
Wang Cl, Wang CL, Wang CW, Chen CD, Wu CC,
Liang Y, Tsai YH, Chang YS, Yu JS and Yu CJ.
Importin subunit alpha-2 is identified as a po-
tential biomarker for non-small cell lung can-
cer by integration of the cancer cell secretome
and tissue transcriptome. Int J Cancer 2011;
128: 2364-2372.

Grupp K, Habermann M, Sirma H, Simon R,
Steurer S, Hube-Magg C, Prien K, Burkhardt L,
Jedrzejewska K, Salomon G, Heinzer H, Wilc-
zak W, Kluth M, Izbicki JR, Sauter G, Minner S,
Schlomm T and Tsourlakis MC. High nuclear

(8]

[11]

[12]

[13]

karyopherin a2 expression is a strong and in-
dependent predictor of biochemical recur-
rence in prostate cancer patients treated by
radical prostatectomy. Mod Pathol 2014; 27:
96-106.

Li J, Liu Q, Liu Z, Xia Q, Zhang Z, Zhang R, Gao
T, Gu G, Wang Y, Wang D, Chen X, Yang Y, He D
and Xin T. KPNA2 promotes metabolic repro-
gramming in glioblastomas by regulation of c-
myc. J Exp Clin Cancer Res 2018; 37: 194.
Guo X, Wang Z, Zhang J, Xu Q, Hou G, Yang Y,
Dong C, Liu G, Liang C, Liu L, Zhou W and Liu H.
Upregulated KPNA2 promotes hepatocellular
carcinoma progression and indicates prognos-
tic significance across human cancer types.
Acta Biochim Biophys Sin (Shanghai) 2019;
51: 285-292.

Shi C, Sun L, Liu S, Zhang E and Song Y. Over-
expression of karyopherin subunit alpha 2
(KPNA2) predicts unfavorable prognosis and
promotes bladder cancer Tumorigenicity via
the P53 pathway. Med Sci Monit 2020; 26:
€921087.

Yang F, Li S, Cheng Y, Li J and Han X. Karyo-
pherin a2 promotes proliferation, migration
and invasion through activating NF-kB/p65
signaling pathways in melanoma cells. Life Sci
2020; 252: 117611.

Huang L, Zhou Y, Cao XP, Lin JX, Zhang L,
Huang ST and Zheng M. KPNA2 promotes
migration and invasion in epithelial ovarian
cancer cells by inducing epithelial-mesenchy-
mal transition via Akt/GSK-3B/Snail activa-
tion. J Cancer 2018; 9: 157-165.

He L, Ding H, Wang JH, Zhou Y, Li L, Yu YH,
Huang L, Jia WH, Zeng M, Yun JP, Luo RZ and
Zheng M. Overexpression of Karyopherin 2 in
human ovarian malignant germ cell tumor
correlates with poor prognosis. PLoS ONE
2012; 7: e42992.

Kim YB, Barbuto D, Lagasse LD and Karlan BY.
Successful treatment of neuroendocrine small
cell carcinoma of the cervix metastatic to re-
gional lymph nodes. Gynecol Oncol 1996; 62:
411-414.

Int J Clin Exp Pathol 2022;15(6):241-246


mailto:huanglongdoctor@163.com
mailto:huanglongdoctor@163.com

[15]

(16]

[17]

(18]

[19]

[20]

246

KPNA2 overexpression in small cell cervical cancer

Balderston KD, Tewari K, Gregory WT, Berman
ML and Kucera PR. Neuroendocrine small cell
uterine cervix cancer in pregnancy: long-term
survival following combined therapy. Gynecol
Oncol 1998; 71: 128-132.

Korcum AF, Aksu G, Bozcuk H, Pestereli E and
Simsek T. Small cell carcinoma of the cervix:
a case report. Arch Gynecol Obstet 2008; 277:
367-370.

Poon IK and Jans DA. Regulation of nuclear
transport: central role in development and
transformation. Traffic 2005; 6: 173-186.
Zannini L, Lecis D, Lisanti S, Benetti R, Busce-
mi G, Schneider C and Delia D. Karyopherin-
alpha2 protein interacts with Chk2 and con-
tributes to its nuclear import. J Biol Chem
2003; 278: 42346-42351.

Grupp K, Boumesli R, Tsourlakis MC, Koop C,
Wilczak W, Adam M, Sauter G, Simon R, Izbicki
JR, Graefen M, Huland H, Steurer S, Schlomm
T, Minner S and Quaas A. The prognostic im-
pact of high Nijmegen breakage syndrome
(NBS1) gene expression in ERG-negative pros-
tate cancers lacking PTEN deletion is driven by
KPNA2 expression. Int J Cancer 2014; 135:
1399-1407.

Tang G, Zhao H, Xie Z, Wei S and Chen G. Long
non-coding RNA HAGLROS facilitates tumori-
genesis and progression in hepatocellular car-
cinoma by sponging miR-26b-5p to up-regu-
late karyopherin a2 (KPNA2) and inactivate
p53 signaling. Bioengineered 2022; 13: 7829-
7846.

(21]

[22]

(23]

(24]

[25]

Xiang S, Wang Z, Ye Y, Zhang F, Li H, Yang Y,
Miao H, Liang H, Zhang Y, Jiang L, Hu Y, Zheng
L, Liu Xand Liu Y. E2F1 and E2F7 differentially
regulate KPNA2 to promote the development
of gallbladder cancer. Oncogene 2019; 38:
1269-1281.

Li J, Liu Q, Liu Z, Xia Q, Zhang Z, Zhang R, Gao
T, Gu G, Wang Y, Wang D, Chen X, Yang Y, He D
and Xin T. KPNA2 promotes metabolic repro-
gramming in glioblastomas by regulation of c-
myc. J Exp Clin Cancer Res 2018; 37: 194.

Hu ZY, Yuan SX, Yang Y, Zhou WP and Jiang H.
Pleomorphic adenoma gene 1 mediates the
role of karyopherin alpha 2 and has prognostic
significance in hepatocellular carcinoma. J Exp
Clin Cancer Res 2014; 33: 61.

Huang H and Tindall DJ. Dynamic FoxO tran-
scription factors. J Cell Sci 2007; 120: 2479-
2487.

Huang L, Wang HY, Li JD, Wang JH, Zhou Y, Luo
RZ, Yun JP, Zhang Y, Jia WH and Zheng M.
KPNA2 promotes cell proliferation and tumo-
rigenicity in epithelial ovarian carcinoma
through upregulation of c-Myc and downregu-
lation of FOXO3a. Cell Death Dis 2013; 4:
e745.

Int J Clin Exp Pathol 2022;15(6):241-246



