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Abstract: Objective: To evaluate the therapeutic efficacy and explore the action mechanism of Xiaotan Sanjie Formu-
la (XSF) on microsatellite instability (MSI) in human gastric cancer MKN-45 cells. Methods: The therapeutic efficacy
of XSF on human gastric cancer MKN-45 cell proliferation was detected by CCK-8. Five MSl loci (D175250, D2S123,
D5S346, Bat-25 and Bat-26) were detected by STR Genotyping. The effect of XSF on the expression of MSI proteins
of hMLH1, TGFBRII, IGFRIl and Bax was analyzed by Western blot and RT-PCR. Results: XSF inhibited the prolifera-
tion of human gastric cancer MKN-45 cells in a time-dependent manner. When these MKN-45 cells were amplified
to the five MSI loci, both D2S123 and D5S346 showed MSI with two peaks. After 48-h intervention with XSF, the
mutation of D2S123 and D5S346 loci tended to be stabilized; the relative expression level of h(MLH1, TGFBRII and
Bax mRNA was increased in varying degrees, and the expression level of IGFRIl mRNA tended to decrease, while
the expression level of IGFRII protein was increased significantly (P<0.05). Conclusion: XSF inhibited MSI of human
gastric cancer MKN-45 cells, probably by up-regulating MSl-associated hMLH1, TGFBRII, IGFRII and Bax gene and

protein expressions, and IGFRII protein expression.
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Introduction

The structure of cancer prevalence is undergo-
ing changes. At present, the incidence and mor-
tality of gastric cancer is next to lung cancer,
ranking the second of solid tumors. In the world
context, gastric cancer mainly occurs in China,
Japan and South Korea. The number of gastric
cancer detected yearly in China accounts for
42% of the total number worldwide, totaling
400,000 newly diagnosed cases each year,
among which about 300,00 (75%) cases ended
with death [1]. Therefore, it is an indispensable
and urgent task to further explore the mecha-
nism underlying the development and progres-
sion of gastric cancer so as to invent better
intervention therapies on this devastating ma-
lignancy. More experimental studies have dem-
onstrated that microsatellite instability (MSI) is

closely associated with the development and
progression of gastric cancer [2-4]. When MSI
occurs, some specific genes such as TGFBRII,
IGFRIl and Bax may undergo frame-shift muta-
tions at various loci of apoptosis signaling net-
works, thus preventing cell apoptosis from
occurring and finally leading to uncontrolled
tumor growth [5-71].

Based on years of clinical experience and prac-
tice, Professor Pin-Kang Wei from Changzheng
Hospital (Shanghai, China) has developed a
Chinese herbal Xiaotan Sanjie Formula (XSF),
literally meaning a dispersing-phlegm-and-elim-
inating-stagnation preparation [8] and achieved
satisfactory clinical outcomes, as represented
by the significantly improved quality of life of
patients with advanced gastric cancer [9]. XSF
was approved as a traditional Chinese medi-
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Table 1. The ingredients of Xiaotan Sanjie Formula (XSF)
and corresponding percentages (accurate to 1 decimal

were lawfully acquired, and their reten-
tion and use in all cases were in compli-

place) ance with the national and local laws
Chinese name Latin name Percentage and regulations, and the Institutional
Ban-xia Pinelliae rhizoma 12.7% Animal Care and Use Committee (IACUC)
Nan-xing Rhizoma arisaematis 12.7% of Shanghai Laboratory Animal Co., Ltd.
. i (SLAC) Guide for Care and Use of
Fu-ling Poria cocos 12.7% . L
o N ) Laboratory Animals. The minimal num-
Zhi-shi Aurantii fructus immaturus 8.5% . .
. o o ) ) o ber of rats was used in the experiment.
Chen-pi Citri reticulatae viride pericarpium 7.6% This study was specifically approved by
. . o
Quan-xie Scorpio 5.1% IACUC (approval No.: SLAC-2015012-
Wu-gong Scolopendra 7.6% 3002).
Ji-nei-jin Galli gigerii endothelium corneum 12.7%
Bei-mu Fritillariae cirrhosae bulbus 7.6% The rats received every consideration
Baijie-zi Semen brassicae 7.6% for their comfort, and were properly
Gan-cao Glycyrrhiza uralensis Fisch 5.1% housed, fed and kept in a sanitary and

cine (TCM) patent drug in 2006 (China Patent
No.: ZL200610029063.5). Some other experi-
ments have also demonstrated that XSF can
inhibit tumor recurrence and metastasis [10,
11]. The aim of the present study was to further
explore the action mechanism of XSF on MSI in
human gastric cancer via a drug serum in vitro
experiment to observe and analyze MSI-
associated up-regulation of hMLH1, TGFRII,
IGFRII and Bax gene and protein expressions,
and IGFRII protein expression.

Materials and methods
Experimental materials

Human gastric cancer cell line MKN-45 was
purchased from the Cell Resources of Shanghai
Institutes for Life Sciences of the Chinese
Academy of Sciences (Shanghai, China).

XSF used in this study was a granule dosage
form (Batch No.: 130608) prepared by the
Pharmaceutical Preparation Center of Chang-
zheng Hospital and officially approved by China
Drug and Food Administration (CFDA) for use
within the Hospital. The main ingredients of
XSF are listed in Table 1.

Tegafur (50 mg x 100 tablets; QILU Pharma-
ceutical Co., Ltd., Jinan, China; Batch No.:
206003LD) was used as the control.

Animal care and use

All rats used in this study were given the appro-
priateness of experimental procedures. They
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specific-pathogen-free (SPF) grade lami-
nar flow cabinet of a 12:12 light cycle
with the illumination time automatically con-
trolled from 8:00 AP to 20:00 PM in the animal
house of Shanghai Experimental Animal Center
of the Chinese Academy of Sciences (Shanghai,
China).

The mobility, fur color, appetite and stool tex-
ture of the rats were monitored daily. During the
period of drug administration, the rats were
healthy and in a good physical condition with
no sign of illness, unexpected death or other
adverse events.

Animal grouping

Fifteen SD rats were equally randomized to
three groups: a normal saline (NS) blank control
group, a XSF group, and a Tegafur group.

Drug administration

Animals in XSF group received intragastric (i.g.)
lavage of XSF at a concentration of 1.3 g/ml
per rat (200 g), which was 10 times the daily
standard dose (78 g) for a 60 Kg tumor-bearing
adult patient, 1 ml at a time, bid.

Animals in Tegafur group received i.g. lavage of
Tegafur at a concentration of 16.7 mg/ml for a
rat (200 g), which was 10 times the daily dose
(1000 mg) for a 60 Kg tumor-bearing adult
patient, 1 ml at a time, bid.

Animals in NS group received the same volume
of i.g. NS, bid.

Drug administration was continued for four
days in all groups. At 8:00 AM of the fifth day, a
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daily dose of the drug was administered at a
time, and the animals were deprived of food
with free access to water 12 h before the last
lavage.

Blood sampling

On the fifth day, the rats were anesthetized with
4.5% chloral hydrate aldehyde (0.001 ml/kg) 1
h after i.g. lavage, and 3-5 ml whole blood was
drawn from each animal via the posterior orbit-
al venous plexus. Then, the animals were euth-
anized with a lethal dose of 4.5% chloral hydrate
aldehyde (0.003 ml/kg) and not used in any
other experiments.

Drug serum preparation

The whole blood samples were tranquilized for
3-4 h, centrifuged at 3000 rpm for 10 min to
collect the serum, and then centrifuged again
at 5000 rpm to collect the serum for the sec-
ond time. After activating the complement by
water bath at 56°C for 30 min and being filtrat-
ed through a 0.22 pym filter, the blood samples
were prepared into a blank drug serum (con-
taining 10% blank drug serum+5% FBS+85%
RPMI1640); a XSF serum (containing 10% XSF
serum+5% FBS+85% RPMI11640); and a Tegafur
serum (containing 10% Tegafur serum +5% FBS
+85% RPMI1640) as designed, and then stored
at-80°C.

Human gastric cancer cell line MKN-45 group-
ing

Cells were devided into three groups: XSF
serum intervention group (XSF group), Tegafur
serum intervention group (Tegafur group), and
normal saline serum intervention group (NS
group).

Transmission electron microscopy (TEM)
sample preparation

MKN-45 cells intervened with the designated
drugs for 48 h were collected by using a 1.5 ml
taper bottom centrifuge tube. After centrifuga-
tion and removal of the medium, cells were
rinsed with phosphate buffer (PB) and fixed in
4% paraformaldehyde and heavy density medi-
um at 4°C for 4 h. The frozen cell sap was cut
into three 1 mm?2 pieces, rinsed thoroughly, and
fixed with osmic acid for 2 h, washed with PB,
added in sequence with 30%, 50%, 70% and
90% ethanol and 90% acetone for 10 min, and
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100% acetone for 10 min x 3, embedded,
polymerized, sliced into ultra-thin sections,
stained, and observed under a TEM.

Cell proliferation

The cell suspension was seeded to 96-well
plates at a concentration of 5 x 10*/ml (100 pl/
well), grouped, administered with the designat-
ed drugs, and cultured at 37°C and 5% CO,, for
72 h. After replacing the medium with 100 pl
fresh medium and adding 10 ul CCK-8, cells
were cultured for 3 h, and optical density (OD)
was detected at 450 nm by using a microplate
reader for three times. The inhibitory rate (%) =
1 - [(experiment well OD - blank well OD)/(con-
trol well OD - blank well OD)] x 100%.

Cell scratch test

MKN-45 cells were adjusted to 1 x 10%/ml per
well and seeded to 6-well plates. After cells
became confluent all over the plate, they were
adjusted to a density of 100% convergence and
washed with PBS twice. After washing out the
drifting cells, they were administered with the
designated drugs and cultured at 37°C and 5%
CO, overnight for cell starvation. After 24-h
starvation, cells were scratched with a sterile
20 pl Tip, washed with PBS twice to remove the
drifting cells, and photographed under an
inverted microscope (x 20) at 0, 12 and 24 h.
The results of photography were measured to
observe the healing ability of the scratch as an
indicator of the cell migration ability.

Cell invasion

MKN-45 cells were digested, suspended in
serum-free medium, counted, and then seeded
into the Transwell chambers. After drug admin-
istration, the Transwell chambers were placed
in 24-well plates, cultured for 24 h, washed
with PBS to remove cells in the chambers, fixed,
and stained with crystal violet. The Transwell
membranes were cut off, placed on the slides,
observed by microscopy, photographed by ran-
domly selecting 6 places, and counted.

Detection of MSl-associated proteins (hMLH1,
TGFBRII, IGFRII and Bax) by Western blot

After cell lysis, protein concentrations were
determined according to the manufacturer’s
instructions (Nanling KeyGen Biotech, item
No.: KGPBCA). The small amount (40 pg) of the
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Table 2. RT-PCR primer sequences

D3S1067, D3S1577, D17S250 and

Site Primer No. Primer sequence

Length

Bat-26) recommended by the American

D17S250 D17S250.F GGAAGAATCAAATAGACAAT
D17S250.R GCTGGCCATATATATATTTA
D2S123  D2S123.F AAACAGGATGCCTGCCTTTA
D2S123.R GGACTTTCCACCTATGGGAC
D5S346  D5S346.F GGTTGTTTCCGTAGTATATGG
D5S346.R TTGGGAAAGAAGACTAAATCA
Bat-25 Bat-25.F TCGCCTCCAAGAATGTAAGT

Bat-25.R  ATTCTGCATTTTAACTATGGCTCT

Bat-26 Bat-26.F TCACTGTCTGCGGTAATCAAG
Bat-26.R  TAGAGTGGGCTGAGATTGTGC

151 bp

211 bp

National Cancer Institute (NCI) [12,
13]. All primer sequences were cited
from NCBI uniSTS database. The prim-
ers were synthesized by Shanghai
Bright Handsome Biotechnologies Co.,

295 bp Ltd. (Shanghai, China). The PCR prod-

ucts were purified and directly sent for

126 bp capillary electrophoresis on the 3130

sequenator after addition of the interi-

400 bp or label. Data were collected and treat-

ed automatically by Data Collection

protein sample was electrophoresed by 10%
SDS-PAGE and transferred to the PVDF mem-
brane, sealed with 5% skimmed milk at room
temperature for 2 h, primary antibody of GAPDH
(1:5000, Shanghai Kangcheng Biotech, item
No.: KC-5g5), and hMLH1, TGFBRII, IGFRII and
Bax (1:1000, Cell Signaling Technology, item
No.: 3515P, 11888S, 9759P, 2772S), incubat-
ed at 4°C overnight, washed with TBST three
times, added with HRP-labeled goat anti mouse
secondary antibody (1:2000, Southern biotech,
item No.: 4052-05), incubated at room temper-
ature for 1 h, washed with TBST three times,
added with ECL substrate, imaged and photo-
graphed in the WB gel imaging system.

Detection of MSl-associated proteins (hWMLH1,
TGFBRII, IGFRII and Bax) by RT-PCR

Total RNA was extracted by using a total RNA
extract kit. The purity and concentration of the
total RNA were detected with an ultraviolet
spectrophotometer to determine the reverse
cDNA sample volume. Total RNA was reverse
transcribed into cDNA using a cDNA reverse
transcription kit. PCR primers were designed
with PRIMER 5.0 software in reference with the
related literature. Mix, cDNA and the primers
were added into RT-PCR 96-well plates under
the amplification conditions of 95°C 5 min,
95°C 10 s, 60°C 30 s, totaling 40 cycles. The
relative expression level was calculated by 2*
(-AACT).

STR genotyping analysis

Chromosomes were extracted according to the
instruction of the extraction kit. The PCR prim-
ers were designed and amplified according to
the five microsatellite DNA fragments (D2S123,
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Software to produce the raw sample
file under the conditions of pre-degen-
eration at 95°C for 5 min, degeneration at 95°C
for 1 min, annealing for 1 min (D17S250,
D2S123, D5 S346, Bat-25 56°C, Bat-26 54°C),
extension at 72°C for 30 s, totaling 30 cycles,
and finally extension at 72°C for 1 min. The
primers are listed in Table 2.

Judgment criteria

The five microsatellite loci were detected by
PCR according to the criteria of Boland et al
[12]. Positive MSI was classified as the follow-
ing three conditions: instability of two or more
than two loci as high microsatellite instability
(MSI-H); instability of one locus as low micro-
satellite instability (MSI-L); and no-locus insta-
bility as microsatellite stable (MSS). MSI occur-
rence (%) = the number of samples with gene
displacement/the total number of samples x
100%.

Statistical methods

All analyses were performed with SPSS13.0
Statistical Software. All dose data were shown
by mean + SD (X#s). Data of normal distribu-
tion were tested by homogeneity of variance
test with Levene, and analyzed by single factor
analysis of variance; data of small samples
were analyzed by nonparametric Kruskal-Wallis
H test, and pairwise comparison was analyzed
by Mann-Whitney U test. Values of P<0.05 were
considered statistically significant.

Results
TEM results

Cells were collected for TEM observation after
48-h intervention of human gastric cancer
MKN-45 cells in different groups. As shown in
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Figure 1. Ultra-structure of human gastric cancer MKN-45 cells. A. NS group 1 x 1500. B. XSF group 1 x 1500. C.
Tegafur group 1 x 1500. NS = normal saline. A: The tumor cell capsule in NS group was intact, and the morphol-
ogy of the nucleus, mitochondrion and endoplasmic reticulum was generally normal. B: In XSF group, the cyto-
membrane of tumor cells was not continuous; the nucleus was pyknotic; the chromosome heterochromatin was
congested; the mitochondrial structure was damaged with the crest disappearing; the endoplasmic reticulum was
expanded; vacuoles were seen in the cytoplasm; cells were in an apoptotic state. C: In Tegafur group, huge vacuoles
were seen in the cytoplasm; the nucleus was pyknotic; the mitochondrial structure disappeared; and the endoplas-

mic reticulum was expanded.

Table 3. Effects of the drugs in different groups on the proliferation of

human gastric cancer MKN-45 cells

appearing; the endoplas-
mic reticulum was expa-

Group (n=6) OD (0 h) 0D (12 h) 0D (24 h)

0D (48 h) p nded; vacuoles were se-

Normal saline 0.156+0.015 0.281+0.020 0.484+0.050 0.862+0.115 0.00
XSF 0.155+0.015 0.236+0.023 0.503+0.066 0.731+0.047"
Tegafur 0.155+0.021 0.247+0.025 0.454+0.041 0.535+0.076"*

en in the cytoplasm; and
cells were in an apoptot-
ic state; and in Tegafur
group, huge vacuoles we-

“P<0.05, vs. NS group; 2P<0.05, vs. XSF group.

re seen in the cytoplasm;
the nucleus was pyknot-
ic; the mitochondrial str-

2T —e—Bbnk drug ucture disappeared; and

; e XSF the endoplasmic reticu-

i T lum was expanded. The

results demonstrated th-

o 08 5 at XSF could destruct the

3 oe cytoarchitecture of MKN-

:‘%’ | A 45 cells.

04 Cell proliferation

02 As shown in Table 3,

there was no significant

0 - L . . . ' i ! difference in OD between

Oh 12h 24h 48h the three groups at O h

Figure 2. Growth curves of intervention with different drugs on human gastric can-
cer MKN-45 cells. "P<0.05, vs. NS group; 2P<0.05, vs. XSF group.

Figure 1, the tumor cell capsule in NS group
was intact, and the morphology of the nucleus,
mitochondrion and endoplasmic reticulum was
generally normal; in XSF group, the cytomem-
brane of the tumor cells was not continuous;
the nucleus was pyknotic; the chromosome
heterochromatin was congested; the mitochon-
drial structure was damaged with the crest dis-
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(P>0.05). One-way AN-
OVA showed significant
differences in OD be-
tween the three groups
at 48 h (P=0.000). Further paired comparison
showed significant differences in OD between
XSFand NS groups (P=0.022), between Tegafur
and NS groups (P=0.000), and between XSF
and Tegafur groups (P=0.001). Growth curves
showed an inhibitory effect of XSF on the prolif-
eration of human gastric cancer MKN-45 cells
in a time-dependent manner (Figure 2).

Int J Clin Exp Med 2019;12(4):3272-3282



Xiaotan Sanjie Formula on MSI of gastric cancer

Figure 3. Effects of different drugs on the migration ability of human gastric cancer MKN-45 cells. A. NS group (O
h), the initial scratch wound. B. XSF group (O h), the initial scratch wound. C. Tegafur group (O h), the initial scratch
wound. D. NS group (12 h), cell healing 12 h after scratching. E. XSF group (12 h), cell healing 12 h after scratching.
F. Tegafur group (12 h), cell healing 12 h after scratching. G. NS group (24 h), cell healing 24 h after scratching. H.
XSF group (24 h), cell healing 24 h after scratching. |. Tegafur group (24 h), cell healing 24 h after scratching. NS
= normal saline. Almost all cell scratches healed at 24 h in NS group, while the cell scratches in XSF and Tegafur
groups remained unhealed. Compared with MKN-45 cells in XSF group, MKN-45 cells in Tegafur group migrated

more slowly within 24 h.

Table 4. The number of MKN-45 cells penetrat-
ing the matrix membrane in different groups

Group (n=6) 24 h 48 h
Normal saline 15.67+2.08 22.3312.08
XSF 11.67+0.58" 22.00+£1.00
Tegafur 12.67+£1.53 16.33+2.89"
P value 0.043 0.023

“P<0.05, vs. NS group; *P<0.05, vs. XSF group.

Repair of cell scratch

After 24-h starvation of human gastric cancer
MKN-45 cells seeded in the 6-well plate, cells
were scratched with a sterile 20 pl Tip along the
plate bottom in the form of a transverse straight
line, and photographed at 0, 12 and 24 h after
scratching to compare the migration ability of
the cells. As all cell scratches healed after 24 h,
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no further experiment was performed in subse-
quent hours. As shown in Figure 3, almost all
cell scratches healed at 24 h in NS group, while
the cell scratches in XSF and Tegafur groups
remained unhealed. Compared with MKN-45
cells in XSF group, MKN-45 cells in Tegafur
group migrated more slowly within 24 h, sug-
gesting that both XSF and Tegafur exerted an
inhibitory effect on the migration of MKN-45
cells, and this effect was stronger in Tegafur
group as compared with that in XSF group.

Cell invasion ability

The result of one-way ANOVA showed that there
were significant differences in the ability of
MKN-45 cells in penetrating the Matrigel matrix
membrane between the three group at 24 h
(P=0.043). Further paired comparison showed
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Figure 4. The number of MKN-45 cells penetrating the matrix membrane in
different groups. "P<0.05, vs. NS group; 2P<0.05, vs. XSF group.

Figure 5. Effects of different drugs on invasiveness of human gastric cancer
MKN-45 cells (x 400). A. NS group (24 h), MKN-45 cells penetrating the ma-
trix at 24 h. B. NS group (48 h), MKN-45 cells penetrating the matrix at 48 h.
C. XSF group (24 h), MKN-45 cells penetrating the matrix at 24 h. D. XSF group
(48 h), MKN-45 cells penetrating the matrix at 24 h. E. Tegafur group (24 h),
MKN-45 cells penetrating the matrix at 24 h. F. Tegafur group (48 h), MKN-

45 cells penetrating the matrix
at 48 h. NS = normal saline. At
24 h, the number of MKN-45
cells penetrating the Matrigel
matrix membrane in XSF group
was significantly smaller than
that in NS group (P=0.018).
The number of MKN-45 cells
penetrating the Matrigel matrix
membrane in Tegafur group was
also decreased. The number of
MKN-45 cells penetrating the
Matrigel matrix membrane in
NS group was increased after
48 h, while the number of MKN-
45 cells penetrating the Matri-
gel matrix membrane both in
XSF group and in Tegafur group
was decreased after 48 h.

that the number of MKN-45
cells penetrating the Matri-
gel matrix membrane in XSF
group was significantly small-
er than that in NS group
(P=0.018). The number of
MKN-45 cells penetrating
the Matrigel matrix mem-
brane in Tegafur group was
also decreased, but there
was no significant difference
(P>0.05) between NS and
Tegafur groups. One-way
ANOVA still showed statisti-
cal differences between the
three groups at 48 h
(P=0.023). Further paired
comparison showed a signifi-
cant difference between NS
and Tegafur groups (P=
0.014). The number of MKN-
45 cells penetrating the
Matrigel matrix membrane in
XSF group was also decre-
ased, but there was no sig-
nificant difference (P>0.05)
between NS and XSF gro-
ups. There was significant
difference between XSF and
Tegafur groups at 48 h
(P=0.017) (Table 4). These
results suggest that both
XSF and Tegafur could re-
duce the invasive ability of
MKN-45 cells (Figure 4).
These effects were most pro-
nounced at 24 h for XSF, and
at 48 h for Tegafur (Figure 5).
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Table 5. Comparison of the size, height and area of D17S250, D2S123, D5 S346, Bat-25 and Bat-26
between different groups

Bat-25 Bat-26 D2S123 D5S346 D17S250
Group n Item

Peak 1 Peak 1 Peak 1 Peak 2 Peak 1 Peak 2 Peak 1
Normal saline 10  Size (bp) 124.11 394.77 206.28 210.27 284.77 286.81 146.45

P-height (RFU) 3618+627 611.31+298 17681634 1831+454  1463+392  2116+607  4881+1857
P-area (RFUS) 2811145352 30639.26+16291 37651+13879 2030315800 1721244563 24795+6741 75619+40472

Tegafur 10  Size (bp) 122.96 394.52 - 209.81 285.5 - 146.97
P-height (RFU) 13534585 221492 - 846+312 534+193 - 20954731
P-area (RFUS) 964714138 822843293 — 972413914 5696+1798 — 1517545436

XSF 10  Size (bp) 125.17 394.43 - 209.7 285.63 - 146.92
P-height (RFU) 1499+638 183450 - 956+131 263181 - 23264219
P-area (RFUS) 1072414785 748712048 — 1136541911 3117+1177 — 1732311425

Table 6. Grayscale analysis of the expressions of MSl-associated pro-

teins after intervention with different drugs

D5S346, and the target
locus and effect were the

Group (n=3) hMLH1 TGFBRII

Bax same. The above-men-

Normal saline  0.612+0.062 0.359+0.043 0.222+0.031 0.242+0.009

tioned results indicate
that XSF could inhibit the

XSF 0.897+0.111" 0.825+0.143* 1.732+0.251* 1.368+0.234*
Tegafur 0.880+0.097" 0.969+0.077* 2.342+0.636* 1.114+0.138*

MSI of MKN-45 cells.

“P<0.05 vs. NS group; 2P<0.01 vs. NS group.

Blank drug XSF Tegafur

"'}.

TGFRRII o o
|GFR|| | — ——

Bax — —

GAPDH  atrmmeeses  —wswsmme -

Figure 6. Change in the expression of MSl-associat-
ed proteins after intervention with different drugs.
“P<0.05, vs. NS group, 2P<0.01, vs. NS group.

MSI occurrence in different groups and com-
parison of the size, height and area of the five
loci between different groups

Of the five loci (D17S250, D2S123, D5 S346,
Bat-25 and Bat-26), MSI with two peaks was
100% (10/10) at D5S346 (including 70% MSI-H
and 30% MSI-L) and 70% (7/10) at D2S123. In
both XSFand Tegafur groups, Peak 1 at D2S123
and Peak 2 at D5S346 disappeared and the
corresponding loci showed MSS (Table 5). Th-
ese results indicate that both XSF and Tegafur
could regulate MSI at the loci of D2S123 and
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Changes in MSl-associ-
ated proteins of hMILH1,
TGFBRII, IGFRII and Bax in vitro

One-way ANOVA showed significant differences
in the gray diagram and gray value of the four
proteins between the three groups. Further
paired analysis showed that the expression lev-
els of the four proteins were significantly
increased in XSF and Tegafur groups as com-
pared with those in NS group, while there was
no significant difference between XSF and
Tegafur groups, suggesting that XSF could
increase the protein expression of hMLH1,
TGFBRII, IGFRII and Bax (Table 6; Figure 6).

Detection of MSl-associated mRNAs by RT-PCR
in vitro

Inter-group comparison showed that the rela-
tive expression level of hMLH1 was increased
(P=0.027<0.05) in XSF and Tegafur groups. The
further pairwise comparisons found that the
expression level of hMLH1 was statistically sig-
nificant (P=0.033<0.05) in the comparison
between Tegafur and NS groups; while there
was no statistically significant in the compari-
son between XSF and NS groups, but they were
the same as the results of WB, i.e. there was a
tendency of increasing its expression level.
Regarding the expressions of TGFBRII and Bax
groups, there was no statistically significant in
the inter-group comparison (P>0.05), the XSF
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Table 7. Relative expression level of MSl-associated mRNA in hu-

man gastric cancer MKN-45 cells

the effect of MSl in the devel-
opment and progression of

P gastric cancer remains elu-

Group (n=3) Normal saline XSF Tegafur

hMLH1 17.70+0.80 23.63+2.05 40.27+4.32" 0.027
TGFBRII 6.17+0.77 6.64+0.97 9.13+2.12 0.079
IGFRII 13.73+1.34 8.01+0.57 7.94+0.64 0.066
Bax 0.72+0.13 0.80+0.03 2.36+0.30 0.051

sive. Since the discovery of
mismatched repair (MMR)
enzymes by Holliday et al
in 1964 [26], many subse-

“P<0.05 vs. NS group.

quent studies have demon-
strated the universal exis-
tence of the MMR system in
E. coli and higher eukary-

el " otes. The MMR system has
45 been shown to play impor-

= 40 F 2 ,4r°‘27 tant roles in DNA replication,
% l repair and recombination.
s T ‘ Altogether, nine genes have
® 30 | ‘ m Blank drug been identifying to partici-
5| e . pate in the MMR system.
%. ‘ MMR genes are composed
N = Tegafur of a series of DNA base-mis-
15 | matched enzyme molecules
= 8.01 7.94 that have specific repair fun-

- ctions to repair mismatched

s W 072 08 236 and paired DNA bases, thus

0 1 ‘ 1 safeguarding genomic stabil-
hMLHI TGFBR 11 IGFR I Bax ity and DNA replication fidel-

Figure 7. Relative expression level of MSl-associated mRNA by RT-PCR.

“P<0.05, vs. NS group.

and Tegafur groups, however, showed the ten-
dency of increasing their expression levels
(Table 7; Figure 7).

Discussion

With the more profound understanding about
malignant tumors, increased numbers of clini-
cal and experimental studies in recent years
have demonstrated that other than activation
of oncogenes and inactivation of anti-onco-
genes, MSl is a new mechanism in the initiation
of malignant tumors. Since the discovery of MSI
in hereditary non-polyposis colorectal cancer
(HNPCC) in 1993 [14], MSI has been detected
in multiple cancers, including gastric cancer
[15, 16], breast cancer [17], ovarian cancer
[18], lung cancer [19] and cholangiocarcinoma
[20]. The occurrence of MSI in gastric cancer is
about 14-45% [21-23], or even high as 76%
[24, 25].

Although large numbers of studies have dem-
onstrated the presence of the MSI phenome-
non in solid tumors, the mechanism underlying
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ity. When loss of the expres-
sion of a particular misma-
tched gene occurs, the error
occurring during the replica-
tion process cannot be repaired, resulting in
the increase or decrease in DNA gene frag-
ments, known as MSI, which is closely associ-
ated with the development and progression of
gastric cancer [27]. Of the nine MMR genes,
hMLH1 is reported to play a key role in the
occurrence of MSI [28]. Some studies [29]
showed that the expression of h(MLH1 was pos-
itively correlated with MMR in colon cancer.
Change in MMR may affect corresponding tar-
get genes such as TGFBRII, IGFRII and Bax. At
the same time, these genes can regulate cell
growth, proliferation and apoptosis. Mutation
of these genes is called the second mutational
event of MSI tumors [30]. Functional change of
these genes would further affect the develop-
ment and progression of gastric cancer, and
eventually affect the therapeutic effect [31].

XSF is modified from ErchenTang Decoction, a
classical TCM formula for cough due to phlegm
caused by dysfunction of the spleen, and has
been used in clinical practice for more than 40
years in China for preventing tumor recurrence

Int J Clin Exp Med 2019;12(4):3272-3282



Xiaotan Sanjie Formula on MSI of gastric cancer

and metastasis, especially gastric cancer [8,
10, 11], and improving the quality of life of
patients with gastric cancer [9]. These pharma-
cological effects of XSF have also been studied
and confirmed in animal experiments and clini-
cal trials for more than 20 years at the bio-
molecular level [32, 33].

It was fund in the present study that XSF had a
remarkable inhibitory effect on the proliferation
of human gastric cancer MKN-45 cells in a
time-dependent manner. In addition, XSF could
also ameliorate MSI of human gastric cancer
MKN-45 cells (D25123 and D5S346), and sta-
bilize the unstable microsatellite loci, most
probably by increasing the expression of mis-
matched protein hMLH1 and second-locus
mutation protein TGFBRII, IGFRII and Bax. The
inconsistent expression of IGFRII at the mRNA
and protein levels may result from the increased
amount of protein in the process of protein
modification, thus decreasing protein degrada-
tion and prolonging the half-life of the proteins.
This postulation needs to be further verified
in our ongoing study. At any rate, this study
provides a new idea and approach on studying
the mechanism of XSF intervention on gastric
cancer.
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