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Abstract: Objective To study the expression level of isoprenyl carboxyl methyltransferase (ICMT)in gastric cancer and its effect on disease progression.
Methods A clinical retrospective study was conducted on 60 patients diagnosed with gastric cancer who underwent surgical treatment at Lanzhou
University Second Hospital between May and September 2022. The expression levels of ICMT mRNA and protein in tumor tissue and adjacent tissue were
compared using immunohistochemistry (IHC) and polymerase chain reaction (PCR) techniques. The correlation between ICMT expression levels and
patient clinical characteristics was analyzed. Results IHC showed structural disorganization of tumor tissue, scattered cell arrangement, and loss of
polarity. The number of positive ICMT protein granules in gastric tumor tissue was significantly higher than that in adjacent tissues. PCR showed that the
expression levels of ICMT mRNA in gastric tumor tissue were significantly higher than those in adjacent tissue (P<0.05). Correlation analysis with clinical

features showed that the proportion of gastric cancer patients having high expression of ICMT mRNA presented a distribution trend from high to low in
the following clinical characteristics, with statistically significant differences. (1)Cancer locations: gastric corpus cancer > cardiac cancer > gastric antrum
cancer (x*=7.161, P=0.028); (2) Lauren’ s classification: mixed > intestinal > diffuse (y’=13. 153, P=0.001); (3) grades of differentiation: poorly
differentiated > moderately to well differentiated (y’=7. 625, P=0.006); (4)T stage: (T3+T4) stage > (T1+T2) stage (’= 5. 740, P= 0.017); (5)p53 expression
(based on the conclusions of the patients  pathology reports): mutated type > wild type (x’= 5. 831, £=0.016). Conclusion ICMT is highly expressed in
gastric cancer, and the difference in expression is associated with the location of the lesion, degree of differentiation, and stage of gastric cancer. p53

mutation may be the basis for the high expression of ICMT in gastric tumor tissue.

Keywords: Isoprenyl carboxyl methyltransferase; Rat sarcoma protein; Gastric cancer; p53; Target

Fund program: Natural Science Foundation of Gansu Province (22JR5RA958); Scientific and Technological Innovation Program for Talentof the Second
Hospital of Lanzhou University (CY2021-QN-B07); Research and Cultivation Plan for Excellent Students (CYXZ2022-20)

Rat sarcoma (Ras) protein is an important intracellular
signal transduction molecule that regulates various
biological processes including cell growth, differentiation,
and survival. Once Ras mutates, it can induce a variety of
human tumors. More than 30% of malignant tumors are
caused by Ras gene mutations [1], and Ras mutations often
indicate higher tumor malignancy and poor clinical
prognosis [2]. Isoprenylcysteine carboxyl methyltransferase
(ICMT) is the sole key enzyme that catalyzes the
methylation of the C-terminal isoprenylcysteine residue of
CaaX proteins, including Ras proteins. It plays an essential
role in the oncogenic mutation of all Ras isoforms and tumor
maintenance [1]. Previous studies have found that
overexpression of ICMT in bladder cancer [3],
oropharyngeal cancer [4], and other tumors is closely related
to the malignant biological characteristics of tumors,
especially in tumor invasion. Since the discovery of
spermatinamine, the first natural product inhibitor of ICMT,
studies targeting ICMT for the treatment of colorectal cancer
[5], pancreatic cancer [6], and other malignancies have been
reported successively. Because inhibition of ICMT can
block the isoprenylation process and interfere with the
activation of the Ras pathway, ICMT is expected to become
a novel antitumor target [1].

Gastric cancer remains one of the major life-
threatening malignant tumors worldwide. There are nearly 1
million new cases each year, resulting in more than 650,000
deaths [7]. As one of the pathogenic mechanisms of gastric
cancer [8], Ras mutation has been confirmed in studies of

gastric cancer specimens [9]. In this study, by analyzing the
clinical data of gastric cancer patients and comparing the
expression differences of ICMT between gastric cancer
tissues and adjacent normal tissues, we evaluated the
influence of ICMT on the disease progression of gastric
cancer, aiming to explore a new direction for the prevention
and treatment of gastric cancer in the future.

1 Materials and Methods

1.1 Study Subjects

Clinical data and surgical specimens were
retrospectively collected from 60 patients diagnosed with
gastric cancer and undergoing surgical treatment at the
Second Hospital of Lanzhou University from May to
September 2022. All enrolled patients met the diagnostic
criteria for gastric cancer. Clinicopathological staging was
performed according to the 8th edition of the TNM staging
system issued by the American Joint Committee on Cancer
(AJCC) and the Union for International Cancer Control
(UICC) in 2016 [10]. Patients with other malignant tumors,
mental illness, emotional instability, or inability to cooperate
were excluded. All enrolled patients had not received
radiotherapy or chemotherapy preoperatively, with
complete clinical data, and all signed informed consent
forms. The study was approved by the Medical Ethics
Committee of the Second Hospital of Lanzhou University
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(2023A-068).

1.2 Specimen Collection

Within 15 minutes after resection of gastric cancer
specimens, appropriate cancer tissues were taken from
non-hemorrhagic and non-necrotic areas of the tumor, and
adjacent normal tissues were obtained from the surgical
margin (3—5 cm away from the cancerous lesion). Tissues
were immediately placed in pre-numbered cryotubes and
stored at —80 °C until wuse. Sections for
immunohistochemistry (IHC) were borrowed from the
surgical specimen bank of the Department of Pathology, the
Second Hospital of Lanzhou University.

1.3 Materials and Methods

1.3.1 IHC Staining

Paraffin sections were sequentially subjected to
degreasing, dewaxing, rehydration, and antigen retrieval.
Sections were incubated in 10% hydrogen peroxide solution
at room temperature in the dark for 20 min. After blocking
with 5% bovine serum albumin at room temperature for 1 h,
the blocking solution was gently removed, and ICMT
antibody (GeneTex, GTX129471) was added, followed by
incubation at 4 °C overnight. On the next day, sections were

washed with phosphate-buffered saline, incubated with goat
anti-rabbit IgG secondary antibody (Abbkine, A21020) at
room temperature for 50 min, and then treated with

diaminobenzidine chromogenic solution (Beyotime, P0203).

Harris hematoxylin was used for counterstaining, followed
by dehydration and mounting. The Tissue FAXS Plus
panoramic tissue quantitative analysis system (Tissue
Gnostics Asia Pacific) was used to observe and capture
images. Five visual fields were randomly selected from each
sample. Image-Pro Plus software was used to analyze the

images and calculate the mean optical density of positive
particles (brownish yellow) in each field. The average value
was used to reflect the expression intensity of the target
protein.

1.3.2 Polymerase Chain Reaction (PCR)

Total RNA extraction:Gastric cancer and adjacent
tissues stored at —80°C were quickly transferred to
centrifuge tubes containing appropriate RNA extraction
solution, and homogenized on ice using a tissue grinder.
Chloroform was then added, followed by vigorous shaking
for 15 s and lysis on ice for 30 min. After centrifugation at
4 °C for 15 min, the clear upper liquid was transferred to a
new centrifuge tube, mixed with an equal volume of
isopropanol, and allowed to stand for 10 min, followed by
another centrifugation for 10 min. The RNA precipitate at
the bottom was washed with 75% ethanol, centrifuged for 5
min, and this step was repeated 1-2 times. Ethanol was

discarded, and the tube was inverted for air-drying. Then

20-40 pL diethyl pyrocarbonate-treated water (Biosharp,
143198) was added. The purity and concentration of the

extracted RNA were detected using a micro nucleic acid
detector (Thermo Scientific, Nanodrop 2000).

RNA reverse transcription: According to the
instructions of the RNA reverse transcription kit (SparkJade,
AGO0304-B), the reaction mixture was prepared on ice,
added to RNA samples, and placed in a conventional PCR
instrument (BioGener, GE4852T). Then 10 pL. SPARK
script I RT Plus Master Mix was added, and reverse
transcription was performed to obtain cDNA. The
experiment was independently repeated three times.

Fluorescent quantitative real-time PCR amplification
of cDNA:Based on previous reports [11], primer sequences
used in this study were designed as follows:

ICMT forward primer: 5’ -CGC TTG GTTTCG GCA

TCC TTC T-3' ; ICMT reverse primer: 5’ -CGG AAG
AAT CGC CACACT GTC A-3’ ; GAPDH forward primer:
5" -TGC ACC ACC AAC TGC TTA GC-3' ; GAPDH

reverse primer: 5 -AGC TCA GGG ATG ACC TTG CC-3'

Reagents and primers were added to amplification
tubes according to the reaction system of the cDNA

amplification kit  (SparkJade, AHO0104-B). After
centrifugation and mixing, amplification was performed on
a real-time fluorescent quantitative PCR instrument

(QIAGEN, Rotor-Gene Q). The

independently repeated three times.

The relative expression level of ICMT mRNA in
gastric cancer tissues and adjacent normal tissues was
calculated using the 2722 method. Compared with the
adjacent normal tissue group, ICMT mRNA with a 274¢
value > 1 was defined as high expression, and < 1 as low
expression.

experiment was

1.4 Statistical Analysis

GraphPad Prism 8 software was used for data analysis
and graphing. Count data were expressed as cases (%). The
¥* test was used to analyze the association between ICMT
expression and clinical characteristics of gastric cancer
patients. A value of P < 0.05 was considered statistically
significant.

2 Results
2.1 ICMT Protein Expression in Two Types of Tissues

IHC was used to observe the expression of ICMT
protein in cancerous and adjacent normal tissues of gastric
cancer patients. As shown in Figure 1, gastric cancer tissues
exhibited disordered structure, irregular cell arrangement,
and loss of polarity. The number of positive ICMT particles
in the cytoplasm was significantly higher than that in
adjacent normal tissues.

2.2 ICMT mRNA Expression in Two Types of Tissues

PCR was used to compare the relative mRNA
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expression levels of ICMT in gastric cancer tissues and
adjacent normal tissues from 60 patients. As shown in
Figure 2, the expression level of ICMT in gastric cancer

tissues was significantly higher than that in adjacent normal
tissues (P < 0.05).

Fig.1 The expression level of ICMT protein in gastric tumor tissue and adjacent tissue
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Fig.2 The expression levels of ICMT mRNA in gastric tumor
tissue and adjacent tissue

2.3 Association Between ICMT mRNA Expression and
Clinical Characteristics of Gastric Cancer Patients

In gastric cancer tissues, 34 cases (56. 67%) showed
high ICMT expression and 26 cases (43. 33%) low
expression. In adjacent normal tissues, 22 cases (36. 67%)
showed high ICMT expression and 38 cases (63. 33%) low
expression. The proportion of high ICMT expression in
gastric cancer tissues was significantly higher than that in

adjacent normal tissues, with a statistically significant
difference (y?=4. 821, P =0.028).
Analysis of clinical characteristics see Table 1.

(1) Tumor location: The expression difference of ICMT
among different gastric cancer locations was statistically
significant (y?= 7. 161, P = 0.028). The highest proportion
of high ICMT expression was found in gastric body cancer,
followed by cardiac cancer, and the lowest in antral cancer.
(2) Histological features: ICMT expression was
significantly associated with Lauren classification (y?= 13.
153, P = 0.001). The highest proportion of high ICMT
expression was observed in mixed-type gastric cancer,

followed by intestinal type, and the lowest in diffuse type.
(3) Differentiation grade: ICMT level in poorly
differentiated cancer tissues was significantly higher than
that in moderately/well-differentiated group (y? = 7. 625, P
=0.006). (4) TNM stage, metastasis, and invasion:
According to T stage (primary tumor and invasion), ICMT
expression was significantly higher in gastric cancer tissues
at T3+T4 stage (y* = 5. 740, P = 0.017). However, ICMT
expression showed no significant correlation with N stage
(lymph node involvement), M stage (distant metastasis),
vascular invasion, or neural invasion (P > 0.05).

(5)p53 expression: The proportion of high ICMT
expression in patients with mutant p5S3 was significantly
higher than that in patients with wild-type p53 (y?=15. 831,

P=0.016).
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Tab.1 Correlation between the expression levels of ICMT mRNA and clinical characteristics in gastric cancer patients [ case (%)]
Total ICMT High ICMT Low Total ICMT High ICMT Low
Item Cases Expression  Expression Ve P Item Cases Expression Expression x P
(n=34) (n=26) (n=34) (n=26)
Gender 0.184 0.668| |Differentiation Degree 7.625  0.006
Poorl
Male 41 24 (58.54) 17 (41.46) d?f(;erzn iated 47 31(65.96) 16 (34.04)
Female 19 10(52.63) 9 (47.37) E’ft?f‘:: 2:2{2 :e“ 13 3(23.08) 10(76.92)
Age 0.102 0.750| [T Stage 5.740  0.017
<60 years 24 13(54.17)  11(45.83) T1+T2 16 5(1.25  11(68.75)
>60 years 36 21 (58.33) 15 (41.67) T3+T4 44 29 (65.91) 15(34.09)
Tumor Size 1.778 0.182| N Stage 0.045 0.832
<5cm 22 10(4545) 12 (54.55) NO 17 10(58.82) 7 (41.18)
>5cm 38 24 (63.16) 14 (36.84) N1-~3 43 24 (55.81) 19 (44.19)
Lesion Site 7.161 0.028| [M Stage 1.750 0.186
FC";‘:;:;"“’“" 19 12(63.16)  7(36.84) Mo 56 33(58.93) 23 (41.07)
?g:’rd':l‘;ss)“’m“h 15 12(80.00) 3 (20.00) M1 4 1(2500)  3(75.00)
&Vft‘r’;ﬁ;’m“h 26 10(3846)  16(61.54) VascaliDInyasion 1922 0.166
Infiltration Depth 0.477 0.450/| Yes 51 27(52.94) 24 (47.06)
Submucosa-
muscularis 19 12(63.16)  7(36.84) No 9 7(7778) 2(22.22)
propria
Serosa-entire layer 41 22 (53.66) 19 (46.34) Nerve Invasion 1.922  0.166
Histological Type of Gastric Cancer 0.037 0.194|| Yes 51 27(52.94) 24 (47.06)
Adenocarcinoma 58 33 (56.90) 25 (43.10) No 9 7 (77.78) 2(22.22)
f;gr‘c‘flforrﬁ‘f cell 2 1(50.00) 1 (50.00) p53 Expression in Cancer Tissue 5831  0.016
Lauren Classification 13.153  0.001 Wild-type 22 8 (36.36) 14 (63.64)
Diffuse type 17 4(23.53) 13 (76.47) Mutant type 38 26 (68.42) 12 (31.58)
Intestinal type 18 10 (55.56) 8 (44.44)
Mixed type 25 20(80.00) 5 (20.00)

3 Discussion

ICMT is a key enzyme in the Ras signaling pathway,
and the specific methylation event it participates in

represents the final step of post-translational modification of

Ras protein. Previous studies have confirmed that inhibition
of ICMT can improve the malignant phenotype of tumors.
Data from The Cancer Genome Atlas database show
that the most common type of Ras mutation in gastric cancer
is K-Ras mutation [12]. Peng et al. [13] detected 126 gastric

cancer tissue samples and 9 plasma samples using Nested
and COLD-PCR, and reported a K-Ras mutation rate of 6.

67%. Another study indicated that K-Ras mutation may be

involved in the early carcinogenesis of differentiated gastric
cancer [14]. The present study demonstrated that both
mRNA and protein expression levels of ICMT were
significantly higher in gastric cancer tissues than in adjacent
normal tissues. The proportion of high ICMT expression
was significantly higher in poorly differentiated gastric
cancer than in moderately/well-differentiated cancer, and

significantly lower in T1+T2 stage than in T3+T4 stage.
These results suggest that upregulated ICMT expression is a
molecular feature in gastric cancer patients and is closely
related to tumor malignancy and disease progression.
Combined with the molecular characteristics and functional
features of ICMT, we propose that the ICMT gene may be
an oncogene associated with gastric cancer, which can

promote the occurrence and progression of gastric cancer by
regulating its downstream effector molecules.

Ma et al. [15] retrospectively analyzed the endoscopic
findings of 6,446 Chinese gastric cancer patients and found
that the proportion of gastric cancer located in the cardia and
fundus was as high as 50.5%. A large-sample case-control
study conducted by Yang et al. [16] showed that 78. 5% of
non-cardiac cancers and 62. 1% of cardiac cancers could be

attributed to Helicobacter pylori (Hp) infection. Hp mainly
colonizes the gastric antrum and can also reach the cardia
via gastroesophageal reflux to induce disease. Various
virulence factors produced by Hp can activate multiple
signaling pathways including Ras [8, 17], damage the
mucosa, trigger inflammation, and even lead to
carcinogenesis. Although only 19 cases of cardiac cancer
were included in this study, 12 of them showed high-level

ICMT protein expression, suggesting that ICMT may be
involved in the pathogenesis of cardiac cancer.

Mutation of the tumor suppressor gene p53 is one of
the common somatic events in human malignant tumors.
Mutant p53 participates in tumorigenesis and progression by
acquiring novel activities through diverse mechanisms [18—
19]. Mutant p53 can alter gene expression in the mevalonate
pathway [20], and ICMT is an important metabolic enzyme
in this pathway, a key gene encoding a methyltransferase,
and the final enzyme in protein isoprenylation. p53 status
affects ICMT mRNA and protein levels: mutant p53
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promotes ICMT expression [18], whereas wild-type p53

exerts the opposite effect, because wild-type p53 inhibits the

region from —209 to —14 of the ICMT promoter. Once p53
mutates, this inhibitory effect is abolished, thereby
synergizing with increased ICMT expression [21]. This
promotes isoprenylation of key proteins in tumorigenesis
(such as Ras) at multiple levels and enhances the malignant
biological behavior of tumors. This conclusion was further
confirmed by comparing the correlation between p53 status
and ICMT expression in breast cancer and lung cancer [21].
Our study found that gastric cancer with mutant p53 showed
a higher proportion of high ICMT expression, consistent
with the above findings. Disruption of the balance between
tumor suppressor genes and proto-oncogenes is critical for

tumorigenesis. The tumor suppressor pS3 and oncogene Ras
are considered determinants of cell fate, with complex
crosstalk including mutual regulation or coordinated
modulation of key tumor-related genes [19]. Since ICMT is

one of the key enzymes for Ras activation, we hypothesize
that mutation of the tumor suppressor p53 and
overactivation of Ras may constitute the molecular basis for
high ICMT expression, possibly through synergistic
interaction. However, the exact regulatory mechanism
requires further investigation.

In conclusion, this study analyzed the correlation
between ICMT protein expression and clinical and
pathological characteristics of gastric cancer patients. We
found that ICMT is highly expressed in gastric cancer, and
its expression is associated with tumor location,
differentiation grade, and disease stage. pS3 mutation may
be the pathological basis for high ICMT expression in
gastric cancer, which may provide a new perspective for the
prevention and treatment of gastric cancer in the future.
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Abstract: Objective To study the expression level of isoprenyl carboxyl methyltransferase (ICMT) in gastric cancer
and its effect on disease progression. Methods A clinical retrospective study was conducted on 60 patients diagnosed
with gastric cancer who underwent surgical treatment at Lanzhou University Second Hospital between May and September
2022. The expression levels of ICMT mRNA and protein in tumor tissue and adjacent tissue were compared using
immunohistochemistry (IHC) and polymerase chain reaction (PCR) techniques. The correlation between ICMT
expression levels and patient clinical characteristics was analyzed. Results IHC showed structural disorganization of
tumor tissue, scattered cell arrangement, and loss of polarity. The number of positive ICMT protein granules in gastric
tumor tissue was significantly higher than that in adjacent tissues. PCR showed that the expression levels of ICMT mRNA
in gastric tumor tissue were significantly higher than those in adjacent tissue (<0.05). Correlation analysis with clinical
features showed that the proportion of gastric cancer patients having high expression of ICMT mRNA presented a
distribution trend from high to low in the following clinical characteristics, with statistically significant differences.
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classification: mixed > intestinal > diffuse (}’=13.153, P=0.001); (3) grades of differentiation: poorly differentiated >
moderately to well differentiated (y’=7.625, P=0.006) ; (4) T stage: (T3+T4) stage >(T1+T2) stage (y’= 5.740, P=

0.017); (5) p53 protein expression(based on the conclusions of the patients’ pathology reports) : mutated type > wild type

(x’=5.831, P=0.016). Conclusion ICMT is highly expressed in gastric cancer, and the difference in expression is

associated with the location of the lesion, degree of differentiation, and stage of gastric cancer. p53 mutation may be the

basis for the high expression of ICMT in gastric tumor tissue.
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Fig.1 The expression level of ICMT protein in gastric tumor tissue and adjacent tissue
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Fig.2 The expression levels of ICMT mRNA in gastric tumor

tissue and adjacent tissue
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