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Abstract

AIM: To investigate macrophage migration inhibitory
factor (MIF) expression and its clinical relevance in
gastric cancer, and effects of M/F knockdown on
proliferation of gastric cancer cells.

METHODS: Tissue microarray containing 117
samples of gastric cancer and adjacent non-cancer
normal tissues was studied for MIF expression by
immunohistochemistry (IHC) semiquantitatively,
and the association of MIF expression with clinical
parameters was analyzed. MIF expression in gastric
cancer cell lines was detected by reverse transcription-
polymerase chain reaction (RT-PCR) and Western blot.
Two pairs of siRNA targeting the MIF gene (MIF si-1
and MIF si-2) and one pair of scrambled siRNA as a
negative control (NC) were designed and chemically
synthesized. All siRNAs were transiently transfected
in AGS cells with Oligofectamine™ to knock down the
MIF expression, with the NC group and mock group
(Oligofectamine™ alone) as controls. At 24, 48, and 72
h after transfection, MIF mRNA was analyzed by RT-
PCR, and MIF and proliferating cell nuclear antigen
(PCNA) proteins were detected by Western blot.
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The proliferative rate of AGS cells was assessed by
methylthiazolyl tetrazolium (MTT) assay and colony
forming assay.

RESULTS: The tissue microarray was informative for
IHC staining, in which the MIF expression in gastric
cancer tissues was higher than that in adjacent non-
cancer normal tissues (P < 0.001), and high level
of MIF was related to poor tumor differentiation,
advanced T stage, advanced tumor stage, lymph node
metastasis, and poor patient survival (P < 0.05 for all).
After siRNA transfection, M/F mRNA was measured
by real-time PCR, and MIF protein and PCNA were
assessed by Western blot analysis. We found that
compared to the NC group and mock group, MIF
expression was knocked down successfully in gastric
cancer cells, and PCNA expression was downregulated
with MIF knockdown as well. The cell counts and
the doubling times were assayed by MTT 4 d after
transfection, and colonies formed were assayed by
colony forming assay 10 d after transfection; all these
showed significant changes in gastric cancer cells
transfected with specific sSiRNA compared with the
control siRNA and mock groups (P < 0.001 for all).

CONCLUSION: MIF could be of prognostic value in
gastric cancer and might be a potential target for
small-molecule therapy.

Key words: Macrophage migration inhibitory factor;
Proliferation; RNA interference; Stomach neoplasm;
Survival
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Core tip: Macrophage migration inhibitory factor (MIF)
is a multifunctional cytokine, which plays a significant
role in the tumor development. The objective of
this study was to investigate the expression of MIF
in gastric cancer and the inhibitory effect of its
knockdown on gastric cancer cell proliferation. The
results show that MIF is expressed highly in gastric
cancer, and its expression was related to clinical stage.
The proliferation of gastric cancer cells was inhibited
by MIF knockdown, suggesting that MIF is a potential
target in molecular therapy for gastric cancer.

He LJ, Xie D, Hu PJ, Liao YJ, Deng HX, Kung HF, Zhu
SL. Macrophage migration inhibitory factor as a potential
prognostic factor in gastric cancer. World J Gastroenterol 2015;
21(34): 9916-9926 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i134/9916.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i134.9916

INTRODUCTION
Macrophage migration inhibitory factor (MIF) is a
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pluripotent cytokine that can inhibit macrophage
migration in vitro and promote the accumulation of
macrophages in delayed skin hypersensitivity!*,
Autocrine MIF signaling stimulates macrophage
production of tumor necrosis factor-a, interleukin-1,
nitric oxide, hydrogen peroxide and other inflammatory
factors®!. MIF is an important mediator in the
pathogenesis of gastric inflammation in rats, and its
expression increases significantly in Helicobacter pylori
(H. pylori)-induced inflammation in humans'*?..

Previously, we have shown that MIF knockout mice
are protected against H. pylori-induced gastritis'®.
Furthermore, MIF is highly expressed in various
tumors, including lung’, liver'™, breast'™, gastric!'®,
colon™", and prostate™ cancers, and overexpression
of MIF stimulates proliferation and inhibits apoptosis
in cancer cells via the paracrine pathway™*'*. These
findings suggest that MIF plays an essential part in
the development of chronic inflammation and cancer,
and possibly in carcinogenesis related to chronic
inflammation.

MIF has been suggested as a potential molecular
target for cancer therapy. In an in vitro study,
proliferation of colon cancer cells was inhibited when
MIF was downregulated by transduction of MIF
antisense plasmids!®. In another report, the growth
and invasion of DU-145 prostate cancer cells were
attenuated by inhibition of MIF and its receptor,
CD74"%, However, whether MIF silencing has any
effects on the development of gastric cancer and
whether MIF is a potential therapeutic molecular target
in this disease are not understood.

In this report, we demonstrate that MIF is
substantially expressed in gastric cancer cells in
vitro and in vivo, MIF expression is associated with
patient survival in gastric cancer and thus may be
of prognostic value, and MIF may act as a potential
therapeutic target for gastric cancer.

MATERIALS AND METHODS

Tissue samples

In this study, we retrospectively recruited formalin-
fixed, paraffin-embedded tissues from 117 cases of
gastric cancer, which were resected initially between
March 2001 and August 2003. Samples were collected
from the archives of the Department of Pathology,
the First Affiliated Hospital of Sun Yat-sen University,
Guangzhou, China. Tumor differentiation was defined
based on the criteria proposed by the World Health
Organization (WHO) Classification of Tumors (2003).
Tumor stages were defined according to the American
Joint Committee on Cancer (AJCC) TNM Staging
Classification for Carcinoma of the Stomach (7
Ed, 2010). This study was approved by the Ethics
Committee of the Sun Yat-sen University Cancer
Center, and written informed consent was obtained
from each patient.
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Construction of tissue microarrays

Tissue microarrays (TMA) were constructed according
to a method described previously!”. Briefly, the
individual block of tissue and the corresponding
histological slides stained with hematoxylin and eosin
were overlaid for microarray sampling, which was
performed with a tissue arraying instrument (Beecher
Instruments, Sun Prairie, WI, United States). Cylinders
of tissue with a 0.6 mm diameter were removed from
the samples-three from each primary tumor sample
and three from each healthy tissue sample-and re-
embedded in paraffin in a predetermined position.
Multiple 5 pm sections were cut from the microarray
block and mounted on microscope slides.

Immunohistochemistry

TMA sections were first deparaffinized in xylene,
rehydrated through a series of graded alcohol,
immersed in 3% hydrogen peroxide in phosphate-
buffered saline (PBS) for 10 min to block endogenous
peroxidase activity, and antigen-retrieved in a pressure
cooker for 3 min in citrate buffer (pH 6.0). TMA
sections were then blocked for nonspecific binding
by incubation in 10% normal goat serum at room
temperature for 30 min. Subsequently, the slides
were incubated with a primary monoclonal antibody
to MIF (Santa Cruz Biotechnology, Santa Cruz, CA,
United States; 1:800 in PBS) at 4 'C overnight in
a moist chamber. The next day, the sections were
sequentially incubated with biotinylated goat anti-
rabbit immunoglobulin (Envision, Dako, Denmark) as
the secondary antibody, at a concentration of 1:100
for 40 min at 37 °C. Slides were then reacted with
streptavidin-peroxidase conjugate for 30 min at 37 C,
followed by incubation with 3,3'-diaminobenzidine as a
chromogen substrate. Cell nuclei were counterstained
with Meyer’s hematoxylin. A negative control was
achieved by replacing the primary antibody with
normal murine IgG.

All immunohistochemistry slides were semi-
quantitively evaluated by the same observer who
had no knowledge of the previous biochemical test
results. Assessments were performed according to
the procedure widely used to calculate the Remmele
score!’®, The level of staining intensity (SI) was
subdivided into four groups: 0 (negative); 1 (weak);
2 (moderate); and 3 (strong). The percentage of
positive cells (PP) was regarded as 0 (none), 1 (<
10%), 2 (10%-50%), 3 (51%-80%) and 4 (> 80%
positive tumor cells), respectively. The Remmele score
is produced by multiplying the score of intensity and
percentage (0-12). In this study, a score of 0-2 was
regarded as negative or low expression, while > 2 as
high expression.

Cell culture and RNA interference
The gastric cancer-derived cell lines used in this
study were AGS, MKN-28, MKN-45, SGC-7901 and
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BCG-823. Cancer cells were grown in RPMI-1640
medium (Sigma-Aldrich, St Louis, MO, United States)
supplemented with 10% fetal bovine serum. The
cells were grown at 37 C in a humidified atmosphere
containing 5% COa.

To achieve MIF knockdown, cells were transfected
with small interfering RNA (siRNA). Cells were
cultured in Opti-MEM reduced serum medium
(Invitrogen, Carlsbad, CA, United States) in accor-
dance with the manufacturer’s instructions. We
used the online GenScript siRNA Target Finder
Tool (GenScript, Piscatawy, NJ, United States) to
design siRNA that would target the mRNA sequence
of the human MIF gene. The siRNA duplexes
(si-1 and si-2) consisted of 27 bp with a base
deoxynucleotide overhang!*®!, and were synthesized
commercially (TaKaRa Bio Inc., Otsu, Shiga, Japan)
with the following sequences (sense strand): si-1,
ACAUCAACUAUUACGACAUGAACGCGGATAT and
si-2, CAUCAUGCCGAUGUUCAUCGUAAACACATAT.
A scrambled sequence siRNA (GUUGCGCCCGCG-
AAUGAUAUUUAUAAUCATAT; sense strand) was used
as a negative control. All sequences were confirmed to
have no homology with RIF mRNA by Blast searches.

All siRNAs were transfected using Oligofectamine
reagent (Invitrogen, Carlsbad, CA, United States),
according to the manufacturer’s instructions. Addi-
tionally, a mock group was transfected with reagent
alone. Cells were harvested 24, 48 and 72 h after
transfection and the levels of MIF mRNA were
assessed by real-time polymerase chain reaction (RT-
PCR). Western blot analysis was used to measure MIF
and proliferating cell nuclear antigen (PCNA) protein
expression.

Three independent experiments were done with
each AGS and MKN-45 cells and similar results
obtained in the following study, and as representatives,
the showed results are of three independent
experiments with AGS cells.

RT-PCR

RT-PCR was carried out with SYBR Green mixture
(TaKaRa, Japan), according to the manufacturer’
s protocol. The following primers were used: MIF
forward, 5'-CAGTGGTGTCCGAGAAGTCAG-3’ and
reverse, 5'-TAGGCGAAGGTGGAGTTGTT-3’; GAPDH
forward, 5-TTTGGTATCGTGGAAGGAC-3’ and reverse,
5'-AAAGGTGGAGGAGTGGGT-3". The data were
analyzed with standard-curve analysis and charts
created in Quantity One software (Bio-Rad, Hercules,
CA, United States).

Western blot analysis

Cells were harvested in ready-to-use radioim-
munoprecipitation assay buffer (Sigma-Aldrich)
that contains 150 mmol/L sodium chloride, 1.0%
igepal CA-630, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl! sulfate and 50 mmol/L Tris (pH 8.0),

September 14, 2015 | Volume 21 | Issue 34 |



Table 1 Association of macrophage migration inhibitory

factor expression with clinicopathological features of gastric
cancer n (%)

Variable MIF
All cases Low High P value'
expression  expression
Age (yr)’ 0.819
<61 55 16 (29.09) 39 (70.91)
> 61 61 20(32.79) 41 (67.21)
Sex 0.598
Male 74 21(2838) 53 (71.62)
Female 43 15 (34.88) 28 (65.12)
Tumor 0.049
differentiation
Well 5 1 (20.00) 4 (80.00)
Moderate 34 16 (47.06) 18 (52.94)
Poor 78 19 (24.36) 59 (75.64)
Tumor stage 0.001
land I 27 16 (59.26) 11 (40.74)
i 51 14 (27.45) 37 (72.55)
Y 39 6 (15.38) 33 (84.62)
T stage 0.034
T1and T2 14 8 (57.14) 6 (42.86)
T3 75 23 (30.67) 52 (69.33)
T4 28 5 (17.86) 23 (82.14)
Lymph node 0.001
metastasis
No (N0) 24 16 (66.67) 8 (33.33)
Yes (Nx) 93 20 (21.51) 73 (78.49)
Distant metastasis 0.564
MO 929 32 (32.32) 67 (67.68)
M1 18 4(2222)  14(77.78)

];[2 test; "Median age.

supplemented with protease-inhibitor and phosphatase-
inhibitor cocktails. The protein concentration was
determined using a bicinchoninic acid protein assay kit
(Pierce, Rockford, IL, United States). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis was used to
separate 20 ug protein samples that were transferred
on to polyvinylidene fluoride membranes (Perkin Elmer,
Fremont, CA, United States) and then immunoblotted
with MIF and PCNA polyclonal antibodies (Santa Cruz
Biotechnology) and a-tubulin polyclonal antibody (Cell
Signaling Technology, Danvers, MA, United States)
or GAPDH polyclonal antibody (Abcam, Cambridge,
United Kingdom) as internal controls. Antibodies
conjugated with horseradish peroxidase and an en-
hanced chemiluminescence Western blotting system
(Amersham Bioscience, Little Chalfont, United Kingdom)
were used for detection. Gray values of the bands were
analyzed with Quantity One software.

Cell growth assay

Cell growth was measured with the 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Briefly, 2 d after transfection with siRNAs,
AGS cells were seeded at 2000 cells per well in 96-well
plates and incubated for 24, 48 or 72 h. To each
well, 5 uL of 5 mg/mL MTT was added and the plates
were incubated for an additional 4 h at 37 C. Finally,
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formed formazan complex was solubilized with 100
pL dimethyl sulfoxide. Absorbance was measured 4 d
after transfection with a microplate reader (Bio-Rad) at
a wavelength of 492 nm.

Colony formation assay

Two days after transfection with MIF or negative-
control siRNA, 500 cells were evenly spread on six-well
plates and cultured for 10 d at 37 'C. At the end of the
incubation period, the cells were stained with Giemsa
solution (Sigma-Aldrich) and photographed with a
digital camera. The number of colonies that contained
more than 50 cells was counted with an inverted
microscope.

Statistical analysis
Survival was estimated using the Mantel-Cox log-
rank test. Association of MIF protein expression levels
with clinicopathological data was analyzed using the 5>
test, stage-match univariate survival analysis, and a
multiple Cox proportional hazards regression analysis.
All analyses were performed using SPSS statistical
software package (version 13.0, SPSS Inc., Chicago,
IL, United States). Differences were deemed to be
significant when P values from two-tailed tests were
less than 0.05.

RESULTS

MIF expression in gastric cancer and its association
with clinicopathological features

This cohort consisted of 72 (61.5%) men and 45
(38.5%) women, with a median age of 61 years old.
The average follow-up duration was 28.5 mo, and the
median follow-up duration was 23.0 mo (range, 5.0 to
80.0 mo). Clinicopathological characteristics, including
patient age and gender, tumor differentiation, stage,
and relapse, were collected (Table 1).

Western blot analysis showed that MIF was
expressed in all five gastric cancer cell lines (AGS,
MKN-28, MKN-45, SGC-7901 and BCG-823; Figure
1A). Immunochemistry showed that MIF protein was
mainly expressed in the cell nuclei and cytoplasm
of gastric mucosa cells (range of expression,
0%-100%; Figure 1B). This finding indicates that MIF
is overexpressed in gastric cancer, compared to the
adjacent normal mucosa. High MIF protein expression
was associated with poor tumor differentiation,
advanced T-stage, advanced tumor stage and lymph
node metastasis in gastric cancer, but not with age,
sex or distant metastasis (Table 1).

Multivariate regression analysis showed that MIF
expression was an independent prognostic factor
for poor patient survival (HR = 1.784; 95%CI:
1.338-2.380, P < 0.001), as well as advanced clinical
stage (Table 2). Associations were observed between
the degree of MIF protein expression, and overall
survival and disease-free survival. In patients with
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MIF

o-Tubulin

MIF low expression in
gastric cancer

B MIF low expression in
normal gastric mucosa

MIF high expression in
gastric cancer

Figure 1 Macrophage migration inhibitory factor protein expression levels in gastric cancer cell lines and tissues. A: Macrophage migration inhibitory factor
(MIF) protein expression was increased in five gastric cancer cell lines compared with that of a-tubulin (control). Results are representative of three independent
experiments; B: Expression of MIF protein in normal and gastric cancer tissue samples. Magnification in the three top panels is x 40 and is x 100 in the bottom three
panels. Survival was assessed by Kaplan-Meier analysis and differences were calculated with the log rank test.

Table 2 Cox’s multivariate analysis of prognostic factors for
overall survival

Characteristic Hazards ratio  95%Cl P value
Age (< 61 yr vs > 61 yr) 1.099 0.719-1.680  0.663
Sex (male vs female) 1.202 0.779-1.855  0.406
Tumor size (< 3 cm vs > 3 cm) 1.606 0.964-2.677  0.069
Stage (1-1I vs IM-V) 1.885 1.171-3.305  0.009
Differentiation (well to moderate 1.258 0.777-2.039  0.351
VS poor)

MIF expression (low vs high) 1.784 1.338-2.380 <0.001

high MIF expression, mean overall survival was 24.2
mo (SD = 1.96, 95%CI: 20.4-28.1), compared
with 47.0 mo (SD = 3.18, 95%CI: 40.8-53.3) in
those with low levels of MIF expression (P = 0.001;
Figure 2A). Likewise, mean disease-free survival
was significantly shorter in patients with high MIF

JBaishideng®
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expression (17.0 mo, SD = 1.83, 95%CI: 13.4-20.6)
than those with low MIF expression (40.7 mo, SD
= 1.833.72, 95%CI: 33.5-48.1) (P < 0.001; Figure
2B). In patients with lymph node metastasis (93/117;
79.49%), mean overall survival was shorter in those
with high MIF expression (73/93; 78.5%, 22.7 mo,
SD = 1.77, 95%CI: 18.9-22.6) than those with
low MIF expression (20/93, 21.5%; 38.8 mo, SD =
4.55, 95%CI: 29.8-47.7). Mean overall survival was
significantly longer in patients without lymph node
metastasis (24/117, 20.51%; 51.2 mo, SD = 3.51,
95%CI: 44.3-58.0) than any patients with lymph node
metastasis (P < 0.001; Figure 2C). The pattern was
similar for disease-free survival (high MIF expression
plus lymph node metastasis, 15.9 mo, SD = 1.80,
95%CI: 12.5-19.5; MIF expression plus lymph node
metastasis, 30.9 mo, SD = 4.82, 95%CI: 21.5-40.4;
no lymph node metastasis, 44.2 mo, SD = 4.64,
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Figure 2 Macrophage migration inhibitory factor protein expression levels in gastric cancer tissue and association with overall and disease-free patient
survival rates. A, B: Overall (A) and disease-free (B) survival in patients with gastric cancer who had low expression levels of macrophage migration inhibitory factor
(MIF) (n = 36) vs high expression (n = 81); C, D: Overall survival (C) and disease-free (D) survival in patients with gastric cancer lymph-node metastasis who had low
expression levels of MIF (n = 20) vs those with a high expression levels of MIF (n = 73) and in those without lymphatic metastasis (n = 24).

95%CI: 35.1-53.3. P < 0.001; Figure 2D).

Effects of MIF knockdown

In comparison with the negative and mock groups,
MIF mRNA levels decreased significantly in AGS cells
transfected with MIF si-1 or si-2, compared with the
internal control (Figure 3). The inhibition ratios of MIF
si-1 in the experimental group were 62.83%, 67.28%
and 76.91% at 24, 48 and 72 h after transfection,
respectively, and those of MIF si-2 were 56.65%,
65.78% and 73.86% (P < 0.001 for all; Figure 3). At
24, 48 and 72 h after transfection, protein inhibition
ratios for the MIF si-1 group were 71.00%, 72.73% and
76.51%, respectively, and for the MIF si-2 group were
62.94%, 66.21% and 73.55%, compared with the
control (P < 0.001 for all; Figures 4-6).

Four days after transfection, the mean cell counts
in the MIF si-1 and si-2 groups were, respectively,
2.55 + 0.13 times and 2.62 + 0.15 times the original
counts, compared with 4.21 £+ 0.32 times and 4.33
+ 0.48 times, respectively, in the negative and mock
groups (Figure 7). Mean doubling times were 2.58

JBaishideng® W]G I WWW.ngnet.COm
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+ 0.14 d and 2.42 £ 0.17 d, compared with 1.25 +
0.06 d and 1.08 + 0.14 d, respectively, in the two
controls. The colony formation assay showed that 10
d after transfection with si-1 and si-2, mean colony
numbers in AGS cells were 33.15 + 4.12 and 43.25 +
2.63, respectively, which were significantly lower than
103.27 £ 2.80 in the negative control and 112.50 +
2.10 in the mock group (P < 0.001 for all; Figure 8).
Gray values of the PCNA expression levels in the MIF
si-1 and si-2 and control siRNA groups were 8.31, 9.42
and 20.51, respectively (Figure 9), all of which suggest
that MIF siRNA transfection significantly inhibited the
proliferation capacity of AGS cells.

DISCUSSION

MIF was highly expressed in gastric cancer compared
with in adjacent healthy tissue, and was associated
with poor differentiation, advanced disease and tumor
stages, lymph node metastasis, and poor overall
and disease-free survival. Moreover, the proliferation
of gastric cancer cells was inhibited by MIF RNA
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Figure 3 Macrophage migration inhibitory factor mRNA expression in AGS cells. A: Electrophoresis with 2% agarose gel and real-time polymerase chain
reaction analysis show substantially reduced macrophage migration inhibitory factor (MIF) mRNA levels compared with the GAPDH internal control; B: Gray values
in AGS cells transfected with MIF small-interfering RNA pairs (si-1 or si-2) or scrambled small-interfering RNA (negative control). Results are representative of three

independent experiments for each AGS and MKN-45 cells. NC: Negative control.
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Figure 4 Macrophage migration inhibitory factor protein expression in AGS cells after 24 h of RNA interference. A: Western blot analysis showed that
macrophage migration inhibitory factor protein expression was decreased at 24 h after transfection of cells with small-interfering RNA, compared with o.-tubulin control
(*P < 0.001); B: Corresponding gray values. Results are representative of three independent experiments for each AGS and MKN-45 cells. NC: Negative control.

interference. Our findings suggest that high expression
of MIF has an important role and is clinically relevant
in gastric cancer. Substantial MIF expression was also
observed in all five gastric cancer cell lines studied
(AGS, MKN-28, MKN-45, SGC-7901 and BCG-823).

He et al™ found that MIF expression rates were
52.12%, 66.11% and 95.51% in mucosa samples
from patients with chronic antral gastritis, gastric
intestinal metaplasia, and gastric adenocarcinoma,
respectively, compared with 12.19% in normal mucosa
samples. Concentrations of MIF have been found to
raise in the sera of patients with gastric cancer’®”. In
this study, overexpression of MIF protein in gastric
cancer tissues was significantly associated with poor
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overall and disease-free survival. Cox’s multivariate
regression analysis showed that MIF expression,
clinical stage and large tumor size were independent
prognostic factors for patient survival. This finding
is supported by previous studies, which have shown
that MIF expression was related to poor prognosis and
poor survival in patients with primary nasopharyngeal
carcinoma or osteosarcoma!**?!!, However, in this
study expression did not differ significantly between
moderately to highly differentiated and poorly diff-
erentiated adenocarcinoma, which is not consistent
with previous findings for neuroblastoma®. Moreover,
Nabizadeh Marvast et a/'® recently showed that
MIF expression statistically has no correlation with
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Figure 5 Macrophage migration inhibitory factor protein expression in AGS cells after 48 h of RNA interference. A: Western blot analysis showed that
macrophage migration inhibitory factor (MIF) protein expression was decreased at 48 h after transfection of cells with small-interfering RNA, compared with a-tubulin
control (*P < 0.001); B: Corresponding gray values. Results are representative of three independent experiments for each AGS and MKN-45 cells. NC: Negative control.
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Figure 6 Macrophage migration inhibitory factor protein expression in AGS cells after 72 h of RNA interference. A: Western blot analysis showed that
macrophage migration inhibitory factor (MIF) protein expression was decreased at 72 h after transfection of cells with small-interfering RNA, compared with o.-tubulin
control (P < 0.001); B: Corresponding gray values. Results are representative of three independent experiments for each AGS and MKN-45 cells. NC: Negative
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Figure 7 Effect of macrophage migration inhibitory factor silencing
on AGS cell proliferation. Results are representatives of mean + SD for
three independent experiments for each AGS and MKN-45 cells. MTT:
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NC: Negative
control; siRNA: Small-interfering RNA.

histological subtype, distant metastasis, lymph node
involvement, tumor stage and grade in gastric cancer.
Although it is not consistent with our results, the
sample size in their report was smaller than that in our
present study, and their analysis for immunostaining
was qualitative, while our results for IHC were
based on semiquantitative analysis. Anyway, further
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study is needed to clarify relationships between MIF
expression and the degree of differentiation and tumor
progression in gastric cancer.

RNA interference is a tool to identify mechanisms
of action for target proteins and to assess therapeutic
potential for small-molecule therapy. The underlying
mechanism of RNA interference is unclear, but siRNA
might be a substrate for Dicer function; Dicer and
RNA-induced silencing complex work together to
complete the processing of siRNA”*!, The results in our
experimental group showed that 27 bp siRNA targeting
MIF had excellent gene-silencing effects. Compared
with the levels observed in control cells, MIF expression
was significantly inhibited and detectable at both the
transcription and translation levels. The silencing effect
of MIF si-1 was slightly stronger than that of MIF si-2 at
24, 48 and 72 h. This finding suggests that MIF siRNAs
targeting these two sites could quickly, effectively and
specifically lower MIF expression. siRNAs of 21-23 bp
in length are reasonably specific and do not activate
the double-stranded-RNA-dependent protein kinase
pathway, and were thought to yield optimum RNA
interference. Various studies have shown, however,
that 27 bp siRNAs are more potent inducers of RNA
interference than 21 bp siRNAs, and are effective at
lower concentrations'”. The double-stranded-RNA-
dependent protein kinase pathway is not activated by
27 bp siRNAs and, therefore, they are of appropriate
length for knockdown of target genes.
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Figure 8 Colony formation of AGS cells in each group in clone plating
assay. A: Macrophage migration inhibitory factor (MIF) si-1 group; B:
MIF si-2 group; C: Negative control group; D: Mock group; E: Histogram
showing numbers of clones. Results are representative of three independent
experiments for each AGS and MKN-45 cells. NC: Negative control.

The slight differences in the silencing effects of MIF
si-1 and si-2 were probably because due to sequence
differences between target sites. Not all sites in siRNAs
play the same roles in the process of target sequence
recognition®® and siRNAs targeting different sites in
the same gene sequence trigger different silencing
effects”. In this study, MIF si-1 corresponded to the
MIF mRNA sequence initiated at base 384, whereas
MIF si-2 corresponded to that at base 94. Although
the paired siRNAs had good interference efficiencies,
the effect of MIF si-1 was slightly better than that of
MIF si-2. As expected, the scrambled siRNA negative
control did not trigger any silencing effect.

Cell growth was significantly inhibited after MIF
silencing by MTT assay. The inhibitory effect began
24 h after transfection and persisted during the 4 d
of observation, with the optimum effect seen at 48
h. The colony formation assay showed that gastric
cancer cell proliferation was also significantly inhibited.
Accordingly, PCNA expression decreased in gastric
cancer cells after transfection. MIF seems, therefore,
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Figure 9 Proliferating cell nuclear antigen protein expression in AGS
cells after 72 h of RNA interference with small-interfering RNA. A: Western
blot analysis showed that PCNA protein expression was substantially reduced
compared with that of the a.-tubulin control (P < 0.001); B: Corresponding gray
values. Results are representative of three independent experiments for each
AGS and MKN-45 cells. NC: Negative control; PCNA: Proliferating cell nuclear
antigen.

to promote proliferation of gastric cancer, and may
be a suitable molecular therapeutic target for gene
silencing or attenuation of MIF activity. In agreement
with our results, Dessein et ai®® found that MIF had a
role in the proliferation of established 5-FU-resistant
colon cancer cells. The underlying mechanism remains
elusive, but might be through promotion of the
proliferation of cancer stem cells.

Besides cell proliferation, MIF expression might
have a role in cancer cell apoptosis and tumor
angiogenesis, invasion and metastasis. High MIF
expression in human glioblastoma and melanoma
has been correlated with tumor angiogenesis?®*"
and has been suggested to enhance invasion and
metastasis in nasopharyngeal carcinoma and prostatic
adenocarcinoma®??!, That MIF high expression has
similar roles in gastric cancer progression seems
feasible, and supports the possibility that MIF silencing
could influence these characteristics. This hypothesis
and its underlying mechanisms remain to be clarified.

In summary, MIF is substantially expressed
in gastric cancer tissues and cell lines. High MIF
expression was associated with poor tumor diff-
erentiation, advanced disease and tumor stages,
lymph node metastasis, and poor patient survival.
Thus, measurement of MIF expression has prognostic
value in patients with gastric cancer. The proliferation
of gastric cancer cells was inhibited by MIF knockdown,
which suggests that MIF could be a suitable target for
small-molecule therapy.
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COMMENTS

Background

Migration inhibitory factor (MIF) is a pluripotent cytokine that can inhibit
macrophage migration in vitro and promote the accumulation of macrophages
in delayed skin hypersensitivity, which is highly expressed in a variety of
tumors. Previous study by He et al demonstrated that MIF knockout mice
are protected against Helicobacter pylori induced gastritis. Moreover, MIF
stimulates the proliferation of cancer cells, as well as inhibits the apoptosis of
cancer cells by paracrine pathway. These findings would imply that MIF might
play an essential role in the development of chronic inflammation and cancer,
and even carcinogenesis related to chronic inflammation.

Research frontiers

The authors investigated MIF expression and its clinical relevance in gastric
cancer, and effects of MIF knockdown on proliferation of gastric cancer cells.
MIF expression was assessed by immunohistochemistry in a tissue microarray
containing samples taken from 117 patients and its prognostic association was
analysed. After siRNA transfection, MIF mRNA was measured by real-time
PCR, MIF protein and proliferating cell nuclear antigen proliferating cell nuclear
antigen were assessed by Western blot analysis, and the MTT assay, colony
forming assay and cell counting were also performed.

Innovations and breakthroughs

This study demonstrates for the first time that MIF was highly expressed in
gastric cancer compared with in adjacent healthy tissue, and was associated
with poor differentiation, advanced disease and tumor stages, lymph node
metastasis, and poor overall and disease-free survival. Moreover, the
proliferation of gastric cancer cells was inhibited by MIF RNA interference.

Applications
Measurement of MIF expression has prognostic value in patients with
gastric cancer. The proliferation of gastric cancer cells was inhibited by MIF
knockdown, which suggests that MIF could be a suitable target for small-
molecule therapy.

Terminology
Macrophage migration inhibitory factor is a multi-functional cytokine, which is
associated with inflammation and plays a significant role in tumorigenesis.

Peer-review

This study, consisting of clinical and experimental data, further explored the
role of MIF in gastric carcinogenesis. Whereas the clinical data confirmed the
previous findings, the experimental data in AGS cells using siRNAs provided
novel evidence that MIF plays a critical role in the development of gastric
cancer and MIF may be a potential therapeutic target.
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