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CRM1/XPO1 expression in pancreatic adenocarcinoma 
correlates with survivin expression and the proliferative activity
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ABSTRACT

CRM1/XPO1 (CRM1) is a nuclear export chaperone that mediates the export of 
proteins essential to growth regulation and tumor suppression. Its overexpression 
in tumors was found to be associated with poor prognosis. Selective inhibitors of 
nuclear export are in phase I and II clinical trials for several tumor types. Our aim 
was to investigate CRM1 expression in pancreatic adenocarcinoma (PAC) and its 
relationship to survivin expression and the proliferative activity. Sections of tissue 
microarray containing 76 formalin fixed and paraffin embedded PAC were stained 
by immunohistochemistry (IHC) for CRM1, survivin, and Cyclin A. Expression levels 
of CRM1 and survivin and the proliferative activity, the S-phase fraction (SPF) in 
tumor cells, were determined using a quantitative digital image analysis solution 
(OTMIAS). Sixty-six of the 76 (86%) PAC showed positive staining for CRM1, and 
10 (14%) were completely negative. The mean CRM1 expression levels ranged from 
0.3 to 53 units and the median from 0.3 to 45 units. There was significant positive 
correlation between the mean and median expression levels of CRM1 in tumor cells 
and the mean and median levels of survivin (p<0.001). Moreover, there was positive 
correlation between the mean and median CRM1 levels in tumor cells and the SPF 
(p=0.013). Our results show that CRM1 is expressed in a significant proportion of PAC, 
and increased CRM1 levels correlates with increased survivin levels and increased 
proliferative activity.

INTRODUCTION

Pancreatic adenocarcinoma (PAC) is an aggressive 
malignancy with a dire prognosis. According to the 
American Cancer Society, over 53,000 individuals will be 
diagnosed with pancreatic cancer in 2017 and over 43,000 
will die from it [1]. About 40% of patients diagnosed with 
PAC will present at an advanced stage, resulting in very 
limited treatment choices and difficult clinical decisions 
[2]. Even tumors caught relatively early at Stage 1A have 
an abysmal five-year survival rate of roughly 14%. New 

treatment methods are thus vital to combating this deadly 
disease.

Chromosome region maintenance-1 (CRM1), 
also known as exportin 1 (XPO1), is a nuclear export 
chaperone that mediates the export of proteins essential 
to growth regulation and tumor suppression [3]. 
CRM1 was found to be overexpressed in several types 
of transformed cells and malignant tissues, and its 
overexpression correlates with aggressive behavior and 
poor survival [3]. CRM1 regulates survivin, which is 
involved in the regulation of mitosis and other important 
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functions related to cell survival. Selective inhibitors 
of nuclear export are in phase I and II clinical trials 
for several tumor types [3]. The aim of this study was 
to 1) determine whether CRM1 is expressed in human 
PAC and 2) whether this expression correlates with the 
expression of survivin and tumor proliferative activity as 
surrogates of CRM1 activity.

RESULTS

Seventy-six cases with adenocarcinoma were 
available for evaluation with all three antibodies. Of these 
cases 29 patients were females and 47 were males with 
ages ranging from 23-78 years (mean 53, median 52). 
Twenty-two of the tumors were Grade 1, 30 were Grade 

2, and 14 were Grade 3. The grades were not provided 
on 10 adenocarcinomas. With regard to the pathological 
stage (pT), 3 of these tumors were pT1, 27 were pT2, 45 
were pT3, and 1 was pT4. Sixty-two tumors were node-
negative and 14 were node-positive. One case was had 
distant metastasis (M1).

Sixty-six of the 76 (86%) PAC showed positive 
staining for CRM1, and 10 (14%) were completely 
negative. The mean CRM1 expression levels ranged 
from 0.3 to 53 Otmias units (OU) and the median from 
0.3 to 45 OU. In the positive cases, CRM1 was located 
in the nucleus with often faint cytoplasmic staining, 
whereas Survivin stain was only nuclear (Figure 1). 
There were significant positive correlations between 
the mean expression levels of CRM1 and survivin (r = 

Figure 1: Examples of immunoperoxidase staining for CRM1 (A and B), survivin (C and D), and cyclin A (E and F). A, C, 
and E represent one case with high CRM1 expression levels, whereas B, C, and D represent one case with negative CRM1 expression. 
Immunoperoxidas staining with hematoxylin counterstain, 20X microscope objective. Scale bar = 0.1 mm.
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0.653, p < 0.001), the median expression levels of of 
CRM1 and survivin (r = 0.666, p < 0.001) in tumor cells 
(Figure 2). Moreover, there were also significant positive 
correlations between the mean and median expression 
levels of CRM1 levels and the tumor SPF (r = 0.283, 
p=0.013; Figure 3).

DISCUSSION

CRM1 is a nuclear export chaperone responsible 
for export of cargoes from the cell nucleus to the 
cytoplasm in eukaryotic cells. While smaller molecules 
can freely move through the nuclear membrane, larger 
molecules need an active transport mechanism; a group 

of proteins called karyopherins, of which CRM1 is a 
member, aid in this process. Proteins and RNA molecules 
that need transport display special amino acid sequences 
called nuclear localization signals. These amino acid 
sequences are responsible for “tagging” its cargo for the 
correct destination [4]. Tumors require brisk transport 
of proteins for growth; CRM1 upregulation can aid 
in this process. Multiple malignancies were found to 
be associated with increased CRM1 nuclear export 
including mesenchymal, hematopoietic, and several 
epithelial tumors including lung, pancreatic, ovarian, 
cervical, renal, esophageal, and liver cancers [4]. CRM1 
overexpression has been shown to be associated with 
worse outcomes in many cancer types [5–7]. In some 

Figure 2: Correlation between mean CRM1 expression in human pancreatic adenocarcinoma (PAC) and mean 
survivin expression. X axis: mean survivin expression in OTMIAS units (OU). Y axis: mean CRM1 expression in OTMIAS units (OU). 
There is significant positive correlation, p<0.001.
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cases, CRM1 upregulation may move key regulatory 
proteins out of the nucleus such as p53. Normally, p53 
proteins are present in the nuclear space to maintain 
DNA integrity, and movement to the cytoplasm can 
be devastating [5]. In addition to disrupting protective 
proteins, CRM1 can also move proteins that aid in cancer 
growth into the cytoplasm.

The protein survivin is regulated by CRM1, 
and is believed to exert a cytoprotective effect in the 

cytoplasm by preventing apoptosis, while in the nucleus 
it is involved in the regulation of mitosis [5, 8–13]. 
Survivin has also been linked to poor outcome in various 
malignancies including PAC [14–18]. Increased survivin 
expression in PAC was found to be associated with 
decreased response to chemotherapy [19], and increased 
serum levels was linked to perineural invasion, venous 
invasion, lymph node status, differentiation, and relapse 
[19, 20].

Figure 3: Correlation between median CRM1 expression in human pancreatic adenocarcinoma (PAC) and the S-phase 
fraction (SPF) as determined by digital image analysis of Cyclin-A stained sections. X axis: SPF. Y axis: median CRM1 
expression in OTMIAS units (OU). There is significant positive correlation, p=0.013.
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Inhibitors that target CRM1 export pathway 
have already begun phase I and II clinical trials with 
encouraging results. In one trial, the first generation 
CRM1 inhibitor selinexor (KPT-330) has yielded 
positive results in patients with refractory multiple 
myeloma [21] and ovarian cancer [22]. In patients with 
advanced solid tumors, Selinexor treatment achieved 
stable disease in 17% of patients for greater than 4 
months [23]. Additional phase 2 trials with selinexor are 
underway for refractory multiple myeloma, gynecologic 
malignancies, recurrent glioblastoma, and head/neck 
squamous cell carcinomas [24–27]. Second generation 
CRM1 inhibitors, such as KPT-8602, were recently 
introduced and shown to be well tolerated and highly 
active in initial trials [28, 29].

The vast majority of PAC cases in our study 
showed some degree of CRM1 expression (86%). 
We also found that the levels of CRM1 expression in 
PAC correlates significantly with the level of survivin 
expression and with the tumors proliferative activity as 
demonstrated by the S-phase fraction. These associations 
are further indication that increased CRM1 expression 
in PAC is likely to be associated with increase in its 
biological activity, since CRM1 regulates survivin 
expression and both are known to be regulators of 
cellular proliferative activity.

Because in this study we used a tissue microarray with 
one core per tumor, we elected not to correlate the expression 
levels of CRM1 or survivin with tumor stage, nodal status, 
or grade as the samples in the tissue array may not be 
representative of the entire tumor. Our correlations between 
CRM1, survivin, and SPF (determined by image analysis of 
cyclin A stained sections) is, however, valid because it reflects 
pared correlations of biomarker expressions in the same 
cores. For example, the correlation graph between CRM1 
and survivin expression levels is based on correlating CRM1 
expression in core 1A with survivin expression in the same 
core 1A, correlating CRM1 in 2A with survivin in 2A, and so 
forth. This means, in general, that if CRM1 is overexpressed 
in a core, then survivin is likely to be expressed in same PAC 
cells in that same core.

Although CRM1 inhibitors were shown to reduce 
the growth PAC xenografts in mice [30] and to enhance 
the antitumor activity of Gemcitabine on PAC cell 
lines [31], there are no human trials yet. In summary, 
our findings demonstrate that CRM1 is expressed 
in a significant number of PAC, and suggest that its 
overexpression is likely to be associated with biologic 
activity, and should be considered in future clinical trials 
with selective inhibitors.

MATERIALS AND METHODS

Glass slides with freshly-cut sections of 
formalin fixed, paraffin embedded human pancreatic 
cancer tissue array were obtained from US Biomax 

(Cat# PA961c, www.biomax.us). The slides came 
with clinicopathologic information including patient 
age, sex, tumor type, grade, and stage. The sections 
were stained by immunohistochemistry (IHC) using 
antibodies to CRM1 (rabbit polyclonal, Cat# ab24189, 
Abcam, Inc., www.abcam.com), survivin (rabbit 
monoclonal antibody, Cat# 2808, Clone 71G4B7, 
Cell Signaling Technology, www.cellsignal.com), 
and Cyclin A (mouse monoclonal antibody, Clone 
6E6, Abcam). Briefly, following steam heat antigen 
retrieval in high pH buffer (CRM1 and Survivin), or in 
a pressure cooker in low pH buffer (cyclin A), sections 
were incubated for 30 minutes at room temperature 
with either 1:350 dilution of CRM1 antibody, 1:2000 
dilution of Survivin antibody, or 1:200 dilution 
of the cyclin-A antibody. IHC was carried out 
utilizing a Dako automated immunostainer (Agilent 
Technologies, Santa Clara, CA, www.agilent.com) and 
a Dako EnVision Plus Dual Link peroxidase detection 
kit (Agilent Technologies). Appropriate positive and 
negative controls were used.

TIFF images were captured utilizing Olympus 
BX43 microscope, 20X UPanSApo lens (Olympus 
Corporation of America, www.olympus-lifescience.
com), and Jenoptik ProgRes 7 digital microscope 
camera. (JENOPTIK Optical Systems GmbH, www.
jenoptik.com). The levels of CRM1 and Survivin 
expression in tumor cells and the S-phase fraction (SPF) 
were determined using a quantitative digital image 
analysis solution (OTMIAS, Olive Tree Media, LLC, 
www.otmedia.com). The expression levels of CRM1 
and Survivin are given in OTMIAS Units (OU) which 
are based on the relative value of expression in each 
tumor cell compared to similarly processed positive 
and negative cell line standards. Statistical analysis 
(Pearson’s correlation of paired data) was performed 
utilizing Wizard statistical software for Mac OS X (Evan 
Miller, available from the App Store).

Author contributions

David M Saulino: Data analysis, manuscript 
preparation

Pamela S. Younes: Data analysis, manuscript editing 
and review

Jennifer M Bailey: Manuscript editing and review.
Mamoun Younes: Study concept and design, data 

analysis and interpretation, manuscript editing and review.

ACKNOWLEDGMENTS

Presented in part at the 2017 Gastrointestinal 
Cancers Symposium in San Francisco, CA, January 20, 
2017 and at the American Association for Cancer Research 
(AACR) Annual Meeting in Washington, D.C. April 3, 
2017.



Oncotarget21294www.oncotarget.com

CONFLICTS OF INTEREST

Mamoun Younes, MD, is president and shareholder, 
Olive Tree Media, LLC.

All other co-authors: No conflicts of interest.

FUNDING

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA 
Cancer J Clin. 2017; 67:7-30.

2. Teague A, Lim KH, Wang-Gillam A. Advanced pancreatic 
adenocarcinoma: a review of current treatment strategies 
and developing therapies. Ther Adv Med Oncol. 2015; 
7:68-84.

3. Ishizawa J, Kojima K, Hail N, Tabe Y, Andreeff M. 
Expression, function, and targeting of the nuclear exporter 
chromosome region maintenance 1 (CRM1) protein. 
Pharmacol Ther. 2015; 153:25-35.

4. Sun Q, Chen X, Zhou Q, Burstein E, Yang S, Jia D. 
Inhibiting cancer cell hallmark features through nuclear 
export inhibition. Signal Transduction and Targeted 
Therapy. 2016; 1:1-10.

5. Dickmanns A, Monecke T, Ficner R. Structural Basis 
of Targeting the Exportin CRM1 in Cancer. Cells. 2015; 
4:538-568.

6. Zhou F, Qiu W, Yao R, Xiang J, Sun X, Liu S, Lv J, Yue 
L. CRM1 is a novel independent prognostic factor for the 
poor prognosis of gastric carcinomas. Med Oncol. 2013; 
30:726.

7. Kojima K, Kornblau SM, Ruvolo V, Dilip A, Duvvuri S, 
Davis RE, Zhang M, Wang Z, Coombes KR, Zhang N, Qiu 
YH, Burks JK, Kantarjian H, et al. Prognostic impact and 
targeting of CRM1 in acute myeloid leukemia. Blood. 2013; 
121:4166-4174.

8. Chen X, Duan N, Zhang C, Zhang W. Survivin and 
tumorigenesis: molecular mechanisms and therapeutic 
strategies. J Cancer. 2016; 7:314-323.

9. Caldas H, Jiang Y, Holloway MP, Fangusaro J, Mahotka C, 
Conway EM, Altura RA. Survivin splice variants regulate 
the balance between proliferation and cell death. Oncogene. 
2005; 24:1994-2007.

10. Angell H. A study into the potential role of Survivin 
localization in resistance to drug-induced apoptosis. 
Bioscience Horizons. 2008; 1:85-91.

11. Khan S, Ferguson Bennit H, Asuncion Valenzuela MM, 
Turay D, Osterman CJD, Ashok A, Wall NR. Localization 
and upregulation of survivin in cancer health disparities: a 
clinical perspective. Biologics. 2015; 9:57-67.

12. Chan KS, Wong CH, Huang YF, Li HY. Survivin 
withdrawal by nuclear export failure as a physiological 
switch to commit cells to apoptosis. Cell Death Dis. 2010; 
1:e57.

13. Knauer SK, Krämer OH, Knösel T, Engels K, Rödel F, 
Kovacs AF, Dietmaier W, Klein-Hitpass L, Habtemichael N, 
Schweitzer A, Brieger J, Rodel C, Mann W, et al. Nuclear 
export is essential for the tumor-promoting activity of 
survivin. FASEB J. 2007; 21:207-216.

14. Takeuchi H, Morton DL, Elashoff D, Hoon DSB. Survivin 
expression by metastatic melanoma predicts poor disease 
outcome in patients receiving adjuvant polyvalent vaccine. 
Int J Cancer. 2005; 117:1032-1038.

15. Kami K, Doi R, Koizumi M, Toyoda E, Mori T, Ito D, 
Fujimoto K, Wada M, Miatake S, Imamura M. Survivin 
expression is a prognostic marker in pancreatic cancer 
patients. Surgery. 2004; 136:443-448.

16. Cheng KY, Wang ZL, Gu QY, Hao M. Survivin 
overexpression is associated with aggressive 
clinicopathological features in cervical carcinoma: a meta-
analysis. PLoS One. 2016; 11:e0165117.

17. Saito T, Arifin MT, Hama S, Kajiwara Y, Sugiyama 
K, Yamasaki F, Hidaka T, Arita K, Kurisu K. Survivin 
subcellular localization in high-grade astrocytomas: 
simultaneous expression in both nucleus and cytoplasm 
is negative prognostic marker. J Neurooncol. 2007; 
82:193-198.

18. Pu Z, Wang Q, Xie H, Wang G, Hao H. Clinicalpathological 
and prognostic significance of survivin expression in renal 
cell carcinoma: a meta-analysis. Oncotarget. 2017; 8:19825-
19833. https://doi.org/10.18632/oncotarget.15082.

19. Lee MA, Park GS, Lee HJ, Jung JH, Kang JH, Hong YS, 
Lee KS, Kim DG, Kim SN. Survivin expression and its 
clinical significance in pancreatic cancer. BMC Cancer. 
2005; 5:127.

20. Dong H, Qian D, Wang Y, Meng L, Chen D, Ji X, Feng W. 
Survivin expression and serum levels in pancreatic cancer. 
World J Surg Oncol. 2015; 13:189.

21. Muz B, Azab F, la Puente de P, Landesman Y, Azab AK. 
Selinexor Overcomes Hypoxia-Induced Drug Resistance in 
Multiple Myeloma. Transl Oncol. 2017; 10:632-640.

22. Chen Y, Camacho SC, Silvers TR, Razak AR, Gabrail NY, 
Gerecitano JF, Kalir E, Pereira E, Evans BR, Ramus SJ, 
Huang F, Priedigkeit N, Rodriguez E, et al. Inhibition of the 
Nuclear Export Receptor XPO1 as a Therapeutic Target for 
Platinum-Resistant Ovarian Cancer. Clin Cancer Res. 2017; 
23:1552-1563.

23. Abdul Razak AR, Mau-Soerensen M, Gabrail NY, 
Gerecitano JF, Shields AF, Unger TJ, Saint-Martin JR, 
Carlson R, Landesman Y, McCauley D, Rashal T, Lassen U, 
Kim R, et al. First-in-Class, First-in-Human Phase I Study 
of Selinexor, a Selective Inhibitor of Nuclear Export, in 
Patients With Advanced Solid Tumors. J Clin Oncol. 2016; 
34:4142-4150.



Oncotarget21295www.oncotarget.com

24. Vogl DT, Dingli D, Cornell RF, Huff CA, Jagannath S, 
Bhutani D, Zonder J, Baz R, Nooka A, Richter J, Cole C, 
Vij R, Jakubowiak A, et al. Selective Inhibition of Nuclear 
Export With Oral Selinexor for Treatment of Relapsed or 
Refractory Multiple Myeloma. J Clin Oncol. 2018; 36:859-
866. https://doi.org/10.1200/JCO.2017.75.5207.

25. Lassman AB, Bent MJ, Wen PY, Walenkamp WA, Plotkin 
S, Kung A, Gardner H, Sacham S, Chudnovsky A, Mau-
Sorensen PM. OS07.5 Interim analysis data from Phase 2 
study on efficacy, safety & intratumoral pharmacokinetics 
of oral Selinexor (KPT-330) in patients with recurrent 
glioblastoma (GBM). Neuro-Oncology. 2017; 19:iii14-iii14.

26. Vergote I, Lund B, Havsteen H, Hjmajuridze Z, Van 
Nieuwenhuysen E, Haslund C, Juhler-Nottrup T, Neven 
P, Mau-Sorensen M, Kranich PB, Rashal T, Meade J, 
Landesman Y. et al. Results of a phase 2 trial of selinexor, 
an oral selective inhibitor of nuclear export (SINE) in 114 
patients with gynaecological cancers. Ann Oncol. 2016; 
27:8540.

27. Mahipal A, Gabrail NY, Sukari A, Mahaseth H, Mau-
Sorensen M, Shacham S, Saint-Martin J, Friedlander 
S, Landesman Y, Shacham JEE, McCartney J, Marshall 
T, Vincent D, et al. Clinical activity of the oral selective 
inhibitor of nuclear export (SINE) Selinexor (KPT-330) 
in patients with head & neck squamous cell carcinoma 
(HN-SCC). Ann Oncol. 2014; 25:iv343-iv343.

28. Etchin J, Berezovskaya A, Conway AS, Galinsky IA, Stone 
RM, Baloglu E, Senapedis W, Landesman Y, Kaufman 
M, Shacham S, Wang JC, Look AT. KPT-8602, a second-
generation inhibitor of XPO1-mediated nuclear export, is 
well tolerated and highly active against AML blasts and 
leukemia-initiating cells. Leukemia. 2017; 31:143-150.

29. Vercruysse T, De Bie J, Neggers JE, Jacquemyn M, 
Vanstreels E, Schmid-Burgk JL, Hornung V, Baloglu 
E, Landesman Y, Senapedis W, Shacham S, Dagklis 
A, Cools J, et al. The Second-Generation Exportin-1 
Inhibitor KPT-8602 Demonstrates Potent Activity against 
Acute Lymphoblastic Leukemia. Clin Cancer Res. 2017; 
23:2528-2541.

30. Azmi AS, Aboukameel A, Bao B, Sarkar FH, Philip PA, 
Kauffman M, Shacham S, Mohammad RM. Selective 
inhibitors of nuclear export block pancreatic cancer 
cell proliferation and reduce tumor growth in mice. 
Gastroenterology. 2013; 144:447-456.

31. Kazim S, Malafa MP, Coppola D, Husain K, Zibadi S, 
Kashyap T, Crochiere M, Landesman Y, Rashal T, Sullivan 
DM, Mahipal A. Selective Nuclear Export Inhibitor KPT-
330 Enhances the Antitumor Activity of Gemcitabine in 
Human Pancreatic Cancer. Molecular Cancer Therapeutics. 
2015; 14:1570-1581.


