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Abstract. Recent studies suggest that latexin (Lxn) expres-
sion is involved in stem cell regulation and that it plays 
significant roles in tumor cell migration and invasion. The 
clinicopathological significance of Lxn expression and its 
possible correlation with CD133 expression in pancreatic 
ductal adenocarcinoma (PDAC) is currently unknown. In the 
present study, immunohistochemical analysis was performed 
to determine Lxn and CD133 expression in 43 PDAC patient 
samples and in 32 corresponding adjacent non-cancerous 
samples. The results were analyzed and compared with patient 
age, gender, tumor site and size, histological grade, clinical 
stage and overall mean survival time. Lxn expression was 
clearly decreased in the PDAC tissues compared with that in 
the adjacent non-cancerous tissues, while CD133 expression 
was increased. Low Lxn expression in the PDAC tissues was 
significantly correlated with tumor size (P=0.002), histolog-
ical grade (P=0.000), metastasis (P=0.007) and clinical stage 
(P=0.018), but not with age (P=0.451), gender (P=0.395) or 
tumor site (P=0.697). Kaplan-Meier survival analysis revealed 
that low Lxn expression was significantly correlated with 
reduced overall survival time (P=0.000). Furthermore, Lxn 
expression was found to be inversely correlated with CD133 
expression (r=-0.485, P=0.001). Furthermore, CD133-positive 
MIA PaCa-2 pancreatic tumor cells were sorted by magnetic-
activated cell sorting (MACS), and those that overexpressed 

Lxn exhibited a significantly higher rate of apoptosis and 
lower proliferative activity. Our findings suggest that Lxn may 
function as a tumor suppressor that targets CD133-positive 
pancreatic cancer cells.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) has a high mortality 
rate due to its aggressive growth and high rates of metas-
tasis (1) and chemoresistance (2). Increasing evidence supports 
the roles of cancer stem cells (CSCs) in the initiation, main-
tenance, proliferation, metastasis and resistance of malignant 
tumors to therapy (3). Numerous studies have demonstrated 
the existence of CSC fractions in PDAC (4), which have been 
detected by CSC-specific markers, including CD24  (5-7), 
CD44  (5,6,8,9), CD133  (10-13), CXCR4  (10,14), epithelial 
cell adhesion molecule (EpCAM; epithelial-specific antigen, 
ESA) (5), nestin (15) and combinations of these markers (5,10). 
There is an urgent need for the discovery of novel regulatory 
molecules of CSCs and for effective approaches that target this 
specific cancer cell population.

As the only known mammalian carboxypeptidase 
inhibitor, latexin (Lxn) shares 30% sequence similarity with 
tazarotene-induced gene 1 (TIG1), which is downregulated 
or absent in many types of tumors (16). Several studies have 
reported that Lxn has important roles in stem cell proliferation 
and tumor suppression. Liang et al revealed that Lxn functions 
in the negative regulation of the hematopoietic stem cell 
(HSC) population in mice by causing a decrease in cell 
replication, and an increase in apoptosis (17). Lxn-deficient 
HSCs have been shown to possess enhanced colony-forming 
ability  (18). Muthusamy  et  al reported that the increased 
expression of Lxn in melanoma cell lines is correlated with a 
reduction in expression of the stem cell transcription factors, 
such as octamer-binding transcription factor 4 (OCT4), sex 
determining region Y-box 2 (SOX2), kruppel-like factor 4 
(KLF4), NANOG and MYCN, indicating that Lxn may exert 
its tumor-suppressive function by altering the stem cell-
like properties of melanoma cells (19). Our previous study 
also found that Lxn induced apoptosis and inhibited the 
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proliferation of CD133+ MIA PaCa-2 pancreatic cancer stem-
like cells (20). Lxn may thus be a negative regulator of CSCs.

CD133 is one of the most important cancer-initiating 
(stem) cell markers  (21-23), and its expression has been 
confirmed in solid cancers, such as colon (24), brain (25,26) 
and pancreatic cancers (27-29), and cholangiocarcinoma (30). 
Studies of CD133 expression in PDAC have been conducted 
in Korea (27) and China (28,29), and the results indicate that 
CD133 expression tends to be associated with a higher inci-
dence of metastasis. Moreover, CD133 is independently related 
to worse prognosis in PDAC patients (27). However, an investi-
gation of the relationship between Lxn and CD133 expression 
in PDAC has not yet been conducted, and it would be inter-
esting to determine whether an association exists. Therefore, 
we performed immunohistochemical analysis to investigate 
the possible roles of Lxn in the pathology and prognosis of 
43 PDAC patients. We then analyzed the possible relationship 
between Lxn and CD133 expression. Furthermore, we studied 
the effect of Lxn gene overexpression on the proliferation and 
apoptosis of CD133-positive pancreatic cancer cells, which 
were sorted by magnetic-activated cell sorting (MACS). 
We hope that the present study provides information on the 
targeting of CSCs for development of an effective therapy for 
pancreatic cancer.

Materials and methods

Patients and tissue samples. Forty-three formalin-fixed 
paraffin-embedded pancreatic tumor samples and 32 corre-
sponding adjacent non-cancerous samples were obtained from 
the Department of Pathology of the Second Affiliated Hospital 
of Wenzhou Medical University, China. None of the patients 
who provided samples received radiotherapy or chemotherapy 
prior to surgery. Each tissue specimen was histologically 
evaluated by at least two experienced pathologists. Tumor 
grading and staging were based on the American Joint 
Committee on Cancer/International Union Against Cancer 
staging manual (2009). The carcinoma patients included 18 
men and 25 women who ranged in age from 43 to 78 years 
(mean age of 59.6 years). The primary clinicopathological 
features of the patients are shown in Table I. All PDAC tissues 
samples were collected using protocols approved by the Ethics 
Committee of the Second Affiliated Hospital of Wenzhou 
Medical University, and informed consent was obtained from 
every patient.

Immunohistochemical analysis. Tissue sections (4-µm thick) 
of the paraffin-embedded pancreatic cancer samples were 
cut and placed onto slides coated with polylysine. The Lxn 
and CD133 expression levels were examined in the pancreatic 
cancer samples following a standard immunohistochemistry 
protocol. Briefly, after deparaffinization and rehydration, the 
slides were immersed in boiling ethylenediamine tetraacetic 
acid (EDTA) buffer (pH 8.0) for antigen retrieval. Then, the 
sections were incubated in 3% hydrogen peroxide for 10 min at 
room temperature to quench endogenous peroxidase activity. 
This step was followed by incubation in 5% normal bovine 
serum albumin for 20 min to block non-specific conjugation. 
Subsequently, the slides were incubated with an anti-Lxn 
rabbit polyclonal antibody (ab103485, diluted 1:100; Abcam, 

London, UK) or with an anti-CD133 rabbit polyclonal anti-
body (orb18124, diluted 1:200; Biorbyt, San Francisco, CA, 
USA) at 4˚C overnight. All of the sections were treated with 
a biotinylated secondary antibody for 2  h and were then 
incubated with a streptavidin-horseradish peroxidase (HRP) 
complex. After washes in phosphate-buffered saline (PBS), 
the sections were stained with 3,3'-diaminobenzidine (DAB). 
Finally, they were rinsed with distilled water, counterstained 
with Mayer's hematoxylin, dehydrated and mounted. The Lxn 
and CD133 expression levels in the pancreatic tumor samples 
were evaluated by two independent, experienced experts in 
clinical pathology. For immunohistochemical evaluation of 
Lxn and CD133 protein expression, both the extent and inten-
sity of immunopositivity were considered, according to the 
method of Hao et al (31). The degree of intensity was scored as 
follows: 0, negative; 1, weak; 2, moderate; and 3, strong. The 
extent of positivity was scored as follows: 0, <5%; 1, >5-25%; 
2, >25-50%; 3, >50-75%; and 4, >75% of the cells in the respec-
tive lesions. The final scores were determined by multiplying 
the scores for intensity by those for the extent of positivity, 
which yielded values ranging from 0 to 12. High expression 
was defined by a score of ≥4, and low expression was defined 
by a score of <4.

Cell sorting and culturing. The human pancreatic cancer cell 
line MIA PaCa-2 was purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA) and was 
maintained in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 100 U/ml 
penicillin G and 10 µg/ml streptomycin (both from Gibco, 
Grand Island, NY, USA). CD133+ cells of the human pancre-
atic carcinoma cell line MIA PaCa-2 were isolated by MACS. 
A total of 5x107 MIA PaCa-2 cells were trypsinized, washed 
and resuspended in 300 µl PBS. After an addition of 100 µl 
FcR blocking reagent, the cells were incubated for 30 min 
at 4˚C in 100 µl of a monoclonal CD133 antibody labeled 
with MicroBeads (Miltenyi Biotec Ltd., Bergisch Gladbach, 
Germany: CD133/1; clone AC133, order no. 130-050‑801). 
CD133+ cells were enriched with a MiniMACS magnet and 
MS columns (Miltenyi Biotech Ltd.) and were flushed out via 
application of a plunger that was supplied with the column. 
CD133+ cells that were isolated by MACS were seeded at a 
density of 1,000 cells/ml and cultured in serum-free medium 
(SFM) containing DMEM/F12 (Gibco), 20 ng/ml epidermal 
growth factor (EGF; PeproTech Asia, Rehovot, Israel), 1% 
B27 (Gibco), 0.4% FBS, 5 µg/ml bovine insulin (both from 
Sigma-Aldrich, St. Louis, MO, USA), and 100 U/ml penicillin-
streptomycin at 37˚C in a humidified atmosphere with 5% 
CO2.

Cell preparation and transfection. CD133+ MIA PaCa-2 cells 
in the logarithmic growth phase were collected and combined 
with 1 ml trypsin-EDTA. The cell suspension was then aspi-
rated for 2 min, and 2 ml complete culture medium was added. 
After vigorous mixing, the cells were centrifuged at 1,200 x g, 
and the supernatant was discarded. Next, the cells were resus-
pended in 2 ml SFM. A volume of 200 µl of cell suspension 
(~1x105 cells) was seeded in a 10-cm culture dish with 8 ml 
SFM. Forty-eight hours later, ~5x105 cells were prepared for 
transfection.
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Transfection was performed with Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's instructions. Briefly, 250 µl SFM was added to each 
1.5 ml extreme pressure (EP) tube, followed by the addition 
of different doses of pCMV6-AC-GFP-LXN (1, 3 and 5 µg) 
[Lxn (NM_020169) Human cDNA ORF Clone; OriGene, 
Rockville, MD, USA] or pCMV6-AC-GFP empty vector. The 
resulting solution (A solution) was mixed for 5 min. Next, 
250 µl SFM and 10 µl Lipofectamine 2000 were added to 
each 1.5 ml EP tube and mixed for 5 min (B solution). The 
B solution was added to the A solution and mixed for 20 min 
at room temperature. After the transfection complex formed, it 
was added to the prepared cells, which were cultured for 24 h.

qRT-PCR. Total RNA was isolated with TRIzol (Invitrogen) 
according to the manufacturer's instructions. Reverse tran-
scription was performed with a RevertAid™ First Strand 
cDNA Synthesis kit (Fermentas, Burlington, ON, Canada) 
using 2 µg of total RNA in a final reaction volume of 20 µl. 
qRT-PCR was performed with a SYBR® Premix Ex Taq™ 
(Perfect Real-Time) PCR kit (Takara, Dalian, China) and a 
LightCycler  480 (Roche Biochemicals, Indianapolis, IN, 
USA). The primer sequences were as follows: Lxn sense, 
5'-GAAGGTCAAACAAGCCAGCA-3' and antisense, 5'-AAC 
CCAGGCTAAATGTAGAACG-3'; β-actin sense, 5'-CGT 
GGACATCCGCAAAGAC-3' and antisense, 5'-AAGAAAGG 
GTGTAACGCAACTAAG-3'. The qRT-PCR conditions were 
30 sec at 95˚C, followed by 45 cycles at 95˚C for 10 sec and 
60˚C for 20 sec. Melting curve analysis was performed to 
verify the purity of the products and to exclude undesired 
primer dimers. All analyses were performed in triplicate in 
three independent experiments. The relative amount of target 
gene mRNA was normalized to that of the control (β-actin).

Western blot analysis. Harvested cells were washed with cold 
PBS and then lysed with radioimmunoprecipitation assay 
(RIPA) lysis buffer (Beyotime Bio, Haimen, China) containing 
50 mM Tris (pH 7.4), 15 mM NaCl, 1% Triton X-100, 1% 
sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS) and 
protease inhibitors. Cell lysates were centrifuged at 12,000 x g 
at 4˚C for 20 min, and the total protein level in the superna-
tants was measured with a Beyotime BCA protein assay kit 
(Beyotime Bio) according to the manufacturer's protocol. Equal 
amounts (30 µg) of protein were electrophoresed on a 10% 
SDS-PAGE gel and transferred to a polyvinylidene fluoride 
(PVDF) membrane (Beyotime Bio), which was incubated over-
night at 4˚C with the following primary antibodies: anti-Lxn 
antibody (ab103485, diluted 1:500; Abcam) and anti-β-actin 
antibody (aa128, diluted 1:1,000; Beyotime Bio). Subsequently, 
the membrane was incubated at room temperature for 2 h 
with the following HRP-labeled secondary antibodies: 
HRP-labeled goat anti-mouse IgG (a0216, diluted 1:1,000) 
and HRP-labeled goat anti-rabbit IgG (aa208, diluted 1:1,000) 
(both from Beyotime Bio). Protein bands were detected using 
enhanced chemiluminescence detection reagents (Applygen 
Technologies, Beijing, China) and were documented with 
AlphaEaseFC 4.0 software (Alpha Innotech Co., San Leandro, 
CA, USA). All analyses were performed in triplicate in three 
independent experiments. The relative amount of target protein 
was normalized to that of the control (β-actin).

Detection of apoptosis. CD133+ MIA  PaCa-2 cells were 
prepared and transfected (see the above paragraph entitled 
‘Cell preparation and transfection’). The experimental cells 
were divided into four groups according to the different 
doses of pCMV6-AC-GFP-LXN (0.1, 0.2 and 0.4  µg) or 
pCMV6‑AC-GFP empty vector. Forty-eight hours after 

Table I. Relationship between latexin or CD133 expression and clinicopathological features of the pancreatic cancer samples.

	 CD133	 Latexin
Clinicopathological	 -----------------------------------	 -----------------------------------
features	 Parameter	 Low	 High	 P-value	 Low	 High	 P-value

Age (years)	 ≥60	 10	 12	 0.864	 13	 9	 0.451
	 <60	 9	 12		  10	 11
Gender	 Male	 8	 10	 0.977	 11	 7	 0.395
	 Female	 11	 14		  12	 13
Tumor site	 Head	 12	 13	 0.553	 14	 11	 0.697
	B ody, tail	 7	 11		  9	 9
Size	 >3 cm	 7	 17	 0.026	 18	 6	 0.002
	 ≤3 cm	 12	 7		  5	 14
Histologic grade	 High to moderate	 15	 9	 0.016	 6	 18	 0.000
	 Low	 4	 15		  17	 2
Metastasis	 Yes	 5	 14	 0.036	 15	 4	 0.007
	 No	 14	 10		  8	 16
TNM stage	 1-2	 16	 8	 0.003	 9	 15	 0.018
	 3-4	 3	 16		  14	 5
Survival	 Mean (months)	 27.4	 16.2	 0.000	 14.7	 28.5	 0.000
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transfection, cells were collected from the treated and control 
groups and digested with EDTA trypsinase. The collected 
cells were washed twice with ice-cold PBS and were then 
precipitated by centrifugation at 500 x g for 10 min. Cell 
pellets were resuspended in 1X Annexin V binding buffer. 
Then, 5 µl Annexin V (20 µg/ml) and 5 µl propidium iodide 
(PI; 50 µg/ml) (both from Beyotime, Jiangsu, China) were 
added to a 100-µl aliquot of cell suspension, and the cells 
were incubated in the dark for 15 min at room temperature 
(25˚C). Flow cytometry was performed with a FACSCalibur 
system (Becton-Dickinson, San Jose, CA, USA). Data from a 
total of 10,000 events were analyzed with CellQuest software 
(Becton-Dickinson Immunocytometry Systems, San  Jose, 
CA, USA). Finally, the percentage of Annexin V-positive or 
PI-positive cells was calculated.

Cell proliferation assay. CD133+ MIA  PaCa-2 cells were 
prepared and transfected (see the above paragraph entitled 
‘Cell preparation and transfection’). The experimental cells 
were divided into five groups according to the different 
doses of pCMV6-AC-GFP-LXN (0.1, 0.2, 0.3 and 0.4 µg) 
or pCMV6-AC-GFP empty vector. A Cell Counting Kit-8 
(CCK-8; Dojindo, Kumamoto, Japan) was used to assay the 
antiproliferative activity of Lxn. Briefly, cells were plated at 
a density of 5,000 cells/well into 96-well plates containing 
SFM. Then, the transfection complex, which included 
different doses of pCMV6-AC-GFP-LXN (0.1, 0.2, 0.3 and 
0.4 µg) or the control (pCMV6-AC-GFP empty vector), was 
added to the wells at a final volume of 100 µl/well. The cells 
were then incubated for 24, 48 and 72 h. Subsequently, 10 µl 
CCK-8 reagent was added to each well, and the cells were 

incubated for another 4 h. Optical density (OD) was measured 
at a wavelength of 450 nm using a microplate reader (ELx800; 
Bio-Tek, Shoreline, WA, USA). All assays were performed in 
triplicate in three independent experiments.

Statistical analysis. Statistical analysis was performed with 
IBM SPSS statistics  22.0 software program (IBM Corp., 
New York, NY, USA). Differences between the treated groups 
were analyzed by one-way analysis of variance (ANOVA). 
Fisher's exact, Pearson's Chi-square tests or Spearman's 
correlation coefficient test (for trends in proportions), and the 
Kaplan-Meier method with the log-rank test or Cox regres-
sion method (for univariate or multivariate overall survival 
analysis) were used to assess the associations between Lxn 
or CD133 expression and pathological indices. A P<0.05 was 
considered to indicate a statistically significant result.

Results

Lxn and CD133 expression in pancreatic carcinoma and adja-
cent non-cancerous pancreatic tissues. The Lxn protein was 
highly expressed or was diffusely positive in the cytoplasm 
and membrane of the pancreatic cells in 29 (29/32, 90.6%) 
adjacent non-cancerous pancreatic tissues  (Fig.  1A). Lxn 
showed diffuse expression in the cytoplasm and membrane 
of the cancer cells in the carcinoma samples (20, 46.5%). Its 
expression was low or negative in 23 (53.5%) tumor samples. 
Most of the poorly differentiated cancer cells were negative 
for the Lxn protein (Fig. 1B). A significant difference in Lxn 
expression was observed between the pancreatic carcinoma 
and adjacent non-cancerous pancreatic tissues (P=0.000).

Figure 1. Lxn and CD133 protein expression in pancreatic ductal adenocarcinoma (PDAC) and the adjacent non-cancerous tissues. Lxn protein was highly 
expressed or was diffusely positive in the cytoplasm and membrane of pancreatic cells from the adjacent non-cancerous pancreatic tissues (A). Low Lxn 
protein expression was observed in the PDAC tissues (B). CD133 protein was highly expressed or was diffusely positive in the cytoplasm and membrane of the 
PDAC cells (C). CD133 protein expression was negative in the adjacent non-cancerous pancreatic tissues (D) (Lxn, CD33; magnification, x400).
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High CD133 expression was observed in 24 (55.8%) carci-
noma samples, including diffuse and strong expression in the 
membrane and cytoplasm of the cancer cells. Most cancer cells 
in the pancreatic carcinoma tissues demonstrated diffuse and 
strong positive staining for the CD133 protein in the membrane 
and cytoplasm (Fig. 1C). CD133 protein expression was low 
or negative in all 32 adjacent non-cancerous tissues (Fig. 1D). 
A significant difference in CD133 expression was observed 
between the pancreatic carcinoma and adjacent non-cancerous 
pancreatic tissues (P=0.000).

Relationship between Lxn expression and age, gender, 
tumor site and size, histological grade, clinical stage and 
prognosis. Lxn expression was correlated with tumor size, 
histological grade, metastasis, TNM stage and survival but 
not with age, gender or tumor site in the 43 pancreatic tumor 
samples (Table I). The overall mean survival time between the 
individuals with tumors with low Lxn expression (14.7 months) 
and those with tumors with high Lxn expression (28.5 months) 
was significantly different (P=0.000) (Fig. 2). These results 
revealed that low Lxn expression was significantly related to 
a shorter mean survival time (P=0.000) of the cancer patients. 
According to multivariate analysis performed using Cox 
regression, Lxn expression was an independent prognostic 
factor for PDAC (P=0.000).

Relationship between CD133 expression and age, gender, 
tumor site, tumor size, histological grade, clinical stage and 
prognosis. CD133 expression was correlated with histological 
grade, metastasis, TNM stage and survival but not with age, 
gender or tumor site in the group of 43 pancreatic tumor 
samples (Table I). The follow-up data revealed a significant 

difference in the overall mean survival time between the patients 
with a tumor with CD133 high expression (16.2 months) and 
those with a tumor with low CD133 expression (27.4 months) 
(P=0.000) (Fig. 3). These findings revealed that high CD133 
expression was significantly related to a shorter mean survival 
time of the cancer patients. Multivariate analysis conducted 
using Cox regression revealed that CD133 expression was also 
an independent prognostic factor for PDAC (P=0.000).

Relationship between Lxn and CD133 expression. When Lxn 
was not expressed or was expressed at a low level (Fig. 4A), 
CD133 was often found to be highly expressed in cancer cells 
from the pancreatic tumors  (Fig. 4B). Lxn expression was 
detected in only 25% (6/24) of the pancreatic tumors with high 
CD133 expression, whereas it was highly expressed in up to 
73.7% (14/19) of the tumors with low CD133 expression. A 
significant inverse relationship was found between the expres-
sion of Lxn and CD133 (r=-0.485, P=0.001; Fig. 5).

Effect of pCMV6-AC-GFP-LXN transfection on Lxn gene 
expression in the CD133+ MIA PaCa-2 pancreatic cancer 
cells. As shown in Fig. 6, the western blotting and qRT-PCR 
results indicated that Lxn expression in transfected CD133+ 
MIA PaCa-2 pancreatic cancer cells was significantly higher 
than that in the control cells and that its expression increased with 
the pCMV6-AC-GFP-LXN dose in a concentration‑dependent 
manner (P<0.05). The Lxn gene was successfully transfected 
into the CD133+ MIA PaCa-2 pancreatic cancer cells.

Effects of pCMV6-AC-GFP-LXN transfection on apoptosis 
and cell growth in the CD133+ MIA  PaCa-2 pancreatic 
cancer cells. We determined the effects of pCMV6-AC-GFP-
LXN transfection on the rate of apoptosis of the CD133+ 

Figure 2. Kaplan-Meier survival analysis according to latexin status (n=43). 
The y-axis indicates the percentage of patients, and the x-axis depicts their 
survival in months. The green line represents the patients with high latexin 
expression, who showed a trend of better survival than the patients with low 
latexin expression, indicated by the blue line (P=0.000). The mean overall 
survival (OS) time was 28.5 months for the high latexin expression group and 
14.7 months for the low latexin expression group.

Figure 3. Kaplan-Meier survival analysis according to CD133 status (n=43). 
The y-axis indicates the percentage of patients, and the x-axis depicts their 
survival in months. The green line represents the patients with high CD133 
expression, who showed a trend of worse survival than those with low CD133 
expression, indicated by the blue line. The mean overall survival (OS) time 
was 16.2 months for the high CD133 expression group and 27.4 months for 
the low CD133 expression group (P=0.000).
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MIA PaCa-2 pancreatic cancer cells relative to that of the 
control cells. As shown in Fig. 7B-D, transfection of the cells 
with pCMV6-AC-GFP-LXN for 48 h increased the percentage 
of early and late apoptotic cells as well as necrotic cells in a 
dose-dependent manner.

We also determined the cell death-promoting effects of 
pCMV6-AC-GFP-LXN transfection on the CD133+ cells. As 
shown in Fig. 8, with increasing doses of transfected pCMV6-
AC-GFP-LXN, the inhibitory effects on CD133+ cells was also 
increased. Treatment with 0.1 and 0.4 µg pCMV6-AC-GFP-
LXN for 48 h resulted in cell growth inhibition rates of 4.7 
and 26.4%, respectively. Similarly, the inhibitory effects on 
CD133+ cells increased as a function of the incubation time. 
For example, treatment with 0.4 µg pCMV6-AC-GFP-LXN 

for 24 and 72 h resulted in cell inhibition rates of 15 and 
36.2%, respectively. Therefore, Lxn suppressed the prolifera-
tion of CD133+ cells in a time- and concentration-dependent 
manner (Table II).

Discussion

Lxn has primarily been studied in the nervous system since it 
is involved in the specification of cortical brain regions during 
development (32), as well as in the speed of nerve transmission 
in the adult peripheral nervous system (33). Lxn has ~30% 
sequence homology, but has much greater structural homology, 
with TIG1 or retinoic acid receptor responder 1 (RARRES1), 
the expression of which is downregulated in a variety of 
tumor types in humans (16,34-37). Lxn and TIG1 are closely 
linked genetically and may represent members of a family 
of functionally related genes. Liang et al identified the Lxn 
locus as the primary determinant of HSC frequency variation 
between two inbred mouse strains. Exogenous Lxn expression 
in the hematopoietic compartment has been demonstrated to 
negatively regulate the number of HSCs. Muthusamy et al 
also demonstrated that Lxn was downregulated in >50% of 
melanomas by promoter hypermethylation. Furthermore, 

Figure 6. Lxn expression in CD133-positive MIA PaCa-2 pancreatic tumor 
cells. Lxn protein expression was increased in the CD133+ cells transfected 
with pCMV6-AC-GFP-LXN compared with that in the control cells 
(A and B). Lxn mRNA expression was significantly higher in the CD133+ 
cells transfected with pCMV6-AC-GFP-LXN compared with that in the 
control cells (C). *P<0.05.

Figure 4. Lxn and CD133 protein expression in pancreatic ductal adeno-
carcinoma (PDAC). Lxn was not expressed  (A) but CD133 was highly 
expressed (B) in the same cancerous, poorly differentiated PDAC tissues 
(Lxn, CD33; magnification, x200).

Figure 5. Inverse correlation between Lxn and CD133 expression. From left 
to right, expression of latexin compared with that of CD133 (n=43), classified 
as low to high (1, n=18), high to high (2, n=6), high to low (3, n=14) and low 
to low (4, n=5) (r=-0.485, P=0.001).



ONCOLOGY REPORTS  35:  50-58,  201656

they showed that Lxn has a tumor-suppressive role and that it 
negatively regulates the expression of tumor-sustaining stem 
cell factors (19). Recently, Lxn has been demonstrated to be 

a tumor-suppressor gene in gastric cancer (38), hepatocellular 
carcinoma (39), melanoma (19), leukemia (40), prostate (41) 
and breast cancer  (42). Our previous study revealed that 
Lxn induced the apoptosis and inhibited the proliferation of 
CD133+ MIA PaCa-2 pancreatic cancer cells (20). However, 
to the best of our knowledge, little is known concerning the 
role of Lxn in PDAC. To investigate the relationship between 
Lxn and the clinicopathological indices in PDAC patients, we 
analyzed the relationship between Lxn and CD133 expression 
in PDAC tissues by immunohistochemistry. For the PDAC 
patients with follow-up data, our results indicated that low Lxn 
expression was correlated with tumor size (P=0.002), histo-
logical grade (P=0.000), metastasis (P=0.007) and clinical 
stage (P=0.018). Furthermore, our data showed that low Lxn 
protein expression was highly associated with overall survival 
(P=0.000), suggesting that its expression may be a potential 
prognostic factor for PDAC. Thus, Lxn may have a regulatory 
role in PDAC as a tumor suppressor.

Currently, CD133 is one of the most frequently studied 
markers in pancreatic tumor stem cell research  (43-45). 
However, some inconsistent results have been obtained with 
regard to the relationship between CD133 expression and 
the clinicopathological features of PDAC  (23,27,43-45). 
Nomura et al reported that CD133 expression contributes to 

Figure 7. Analysis of CD133+ cell death after transfection with the latexin 
gene. (A-D)  Apoptosis of CD133+ MIA  PaCa-2 cells treated with 0  µg 
(control) (A), 0.1 µg (B), 0.2 µg (C) and 0.4 µg (D) Lxn plasmid. The lower 
left quadrant shows live cells  (Annexin  V-FITC-negative/PI-negative); 
the lower right quadrant depicts early apoptotic cells (Annexin V-FITC-
positive/PI-negative). The upper left quadrant shows damaged cells 
(Annexin V-FITC-negative/PI-positive), while the upper right quadrant depicts 
necrotic and late apoptotic cells (Annexin V-FITC-positive/PI-positive). 
The numbers represent the percentages of early apoptotic, necrotic and late 
apoptotic cells under each condition (right quadrant). (E) The percentages 
of apoptotic, necrotic and late apoptotic CD133+ MIA PaCa-2 cells treated 
with 0.1, 0.2 and 0.4 µg Lxn plasmid and control. Compared with the control, 
*P<0.05. FITC, fluorescein isothiocyanate; PI, propidium iodide.

Figure 8. Cytotoxic effects of CD133+ MIA PaCa-2 cells trasfected with the 
Lxn gene at various doses of Lxn plasmid. The inhibitory ratio was calcu-
lated according to the following formula: Inhibitory ratio = (OD450 nm value 
of control group - OD450 nm value of Lxn treatment group)/(OD450 nm 
value of control group - OD450 nm value of blank group). Compared with 
the control, *P<0.05; compared with the 24 h group, ▲P<0.05.

Table II. Effect of Lxn gene overexpression on the proliferation of CD133-positive MIA PaCa-2 cells (OD450, mean ± SD).

Lxn	 OD	 Inhibition	 OD	 Inhibition	 OD	 Inhibition
µmol/l	 at 24 h	 ratio (%)	 at 48 h	 ratio (%)	 at 72 h	 ratio (%)

Con	 0.92±0.013	 0.2±0.00	 0.46±0.012	 0.3±0.01	 0.30±0.011	 0.4±0.01
0.1	 0.86±0.019	 6.5±0.14a	 0.40±0.019	 4.7±0.22a	 0.27±0.011	 6±0.22a

0.2	 0.81±0.142	 8.7±1.53a	 0.38±0.0208	 8.5±0.47a	 0.25±0.012	 14.1±0.68a,b

0.3	 0.76±0.0318	 12±0.5a	 0.33±0.022	 13.2±0.88a	 0.19±0.002	 32±0.34a,b

0.4	 0.69±0.0218	 15±0.47a	 0.27±0.022	 26.4±2.2a,b	 0.17±0.008	 36.2±1.7a,b

Compared with the control, aP<0.05; compared with the 24 h group, bP<0.05. Lxn, latexin; OD optical density.
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‘stemness,’ tumorigenicity, epithelial-mesenchymal transi-
tion (EMT) induction, invasion and metastasis in pancreatic 
cancer (23). Chen et al reported that co-expression of CD133, 
CD44v6 and human tissue factor is associated with metastasis 
and poor prognosis in pancreatic carcinoma patients (28). A 
study conducted in Korea revealed that upregulation of CD133 
expression in PDAC is related to poor prognosis (27), while 
Immervoll  et  al reported no correlation between CD133 
expression and patient survival (43). One study showed that 
CD133 expression is positively associated with venous inva-
sion but not with tumor grade  (44), while another study 
demonstrated that CD133 expression is significantly inversely 
correlated with tumor grade, but not with disease stage (45). 
The present study investigated CD133 protein expression in 
43 PDAC patients with follow-up data, and the results indi-
cated that its expression was correlated with histological grade 
(P=0.016) and clinical stage (P=0.003). Furthermore, our data 
showed that CD133 protein expression was highly associated 
with overall survival (P=0.000), suggesting that its expression 
may be a potential prognostic factor for PDAC. We found 
that 55.8% of the PDAC samples were CD133-positive. Our 
results are consistent with those of a previous study of PDAC 
conducted in Korea (27) and with other studies performed 
by two research groups in Chongqing (28) and Taiwan (29), 
China, reporting rates of CD133 positivity of 66.7, 59.6 and 
43.7%, respectively; in addition, these studies considered 
CD133 expression to be a potential prognostic indicator.

Currently, our knowledge of the relationship between Lxn 
and CD133 is still lacking. We reported that Lxn expression in 
CD133+ MIA PaCa-2 pancreatic tumor cells was significantly 
lower than that in CD133- MIA PaCa-2 cells. Moreover, exog-
enous Lxn inhibits the proliferation of CD133+ MIA PaCa-2 
pancreatic cancer stem-like cells (20). Our findings suggest 
that expression of Lxn is inversely correlated with that of 
CD133 (P=0.001), implying that the loss of Lxn function 
may occur in cancer cells with high CD133 expression. 
Furthermore, we found that CD133-positive MIA PaCa-2 
cells overexpressing Lxn exhibited significantly increased 
apoptosis and low proliferative activity, indicating that Lxn 
may act as a tumor suppressor that targets CD133-positive 
pancreatic cancer cells.
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