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Abstract

BACKGROUND

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal
tumors of the gastrointestinal tract. Tyrosine kinase inhibitors, such as imatinib,
have been used as first-line therapy for the treatment of GISTs. Although these
drugs have achieved considerable efficacy in some patients, reports of resistance
and recurrence have emerged. Extracellular signal-regulated kinase 1/2 (ERK1/2)
protein, as a member of the mitogen-activated protein kinase (MAPK) family, is a
core molecule of this signaling pathway. Nowadays, research reports on the
important clinical and prognostic value of phosphorylated-ERK (P-ERK) and
phosphorylated-MAPK/ERK kinase (P-MEK) proteins closely related to raf kinase
inhibitor protein (RKIP) have gradually emerged in digestive tract tumors such as
gastric cancer, colon cancer, and pancreatic cancer. However, literature on the
expression of these downstream proteins combined with RKIP in GIST is scarce.
This study will focus on this aspect and search for answers to the problem.

AIM

To detect the expression of RKIP, P-ERK, and P-MEK protein in GIST and to
analyze their relationship with clinicopathological characteristics and prognosis of
this disease. Try to establish a new prognosis evaluation model using RKIP and P-
ERK in combination with analysis and its prognosis evaluation efficacy.

METHODS
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The research object of our experiment was 66 pathologically diagnosed GIST patients with complete clinical and
follow-up information. These patients received surgical treatment at China Medical University Affiliated Hospital
from January 2015 to January 2020. Immunohistochemical method was used to detect the expression of RKIP, P-
ERK, and P-MEK proteins in GIST tissue samples from these patients. Kaplan-Meier method was used to calculate
the survival rate of 63 patients with complete follow-up data. A Nomogram was used to represent the new
prognostic evaluation model. The Cox multivariate regression analysis was conducted separately for each set of
risk evaluation factors, based on two risk classification systems [the new risk grade model vs the modified National
Institutes of Health (NIH) 2008 risk classification system]. Receiver operating characteristic (ROC) curves were
used for evaluating the accuracy and efficiency of the two prognostic evaluation systems.

RESULTS

In GIST tissues, RKIP protein showed positive expression in the cytoplasm and cell membrane, appearing as
brownish-yellow or brown granules. The expression of RKIP was related to GIST tumor size, NIH grade, and
mucosal invasion. P-ERK protein exhibited heterogeneous distribution in GIST cells, mainly in the cytoplasm, with
occasional presence in the nucleus, and appeared as brownish-yellow granules, and the expression of P-ERK
protein was associated with GIST tumor size, mitotic count, mucosal invasion, and NIH grade. Meanwhile, RKIP
protein expression was negatively correlated with P-ERK expression. The results in COX multivariate regression
analysis showed that RKIP protein expression was not an independent risk factor for tumor prognosis. However,
RKIP combined with P-ERK protein expression were identified as independent risk factors for prognosis with
statistical significance. Furthermore, we establish a new prognosis evaluation model using RKIP and P-ERK in
combination and obtained the nomogram of the new prognosis evaluation model. ROC curve analysis also showed
that the new evaluation model had better prognostic performance than the modified NIH 2008 risk classification
system.

CONCLUSION

Our experimental results showed that the expression of RKIP and P-ERK proteins in GIST was associated with
tumor size, NIH 2008 staging, and tumor invasion, and P-ERK expression was also related to mitotic count. The
expression of the two proteins had a certain negative correlation. The combined expression of RKIP and P-ERK
proteins can serve as an independent risk factor for predicting the prognosis of GIST patients. The new risk
assessment model incorporating RKIP and P-ERK has superior evaluation efficacy and is worth further practical
application to validate.

Key Words: Raf kinase inhibitory protein; Phosphorylated extracellular-signal-regulated kinase; Gastrointestinal stromal
tumors; Immunohistochemistry; Survival analysis; Risk grade model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Nowadays, research reports on the expression of downstream proteins of the extracellular signal-regulated kinase
(ERK)/mitogen-activated protein kinase pathway combined with raf kinase inhibitor protein (RKIP) in gastrointestinal
stromal tumor (GIST) is scarce. This study will focus on this aspect and use immunohistochemistry methods, large sample
survival analysis data, and the latest bioinformatics analysis techniques to answer the problem. Our experimental results
showed that the expression of the two proteins had a certain negative correlation. The combined expression of RKIP and
phosphorylated-ERK proteins can serve as an independent risk factor for predicting the prognosis of GIST patients.
Furthermore, the new risk assessment model incorporating RKIP and phosphorylated-ERK has superior evaluation efficacy.

Citation: Qu WZ, Wang L, Chen JJ, Wang Y. Raf kinase inhibitor protein combined with phosphorylated extracellular signal-regulated
kinase offers valuable prognosis in gastrointestinal stromal tumor. World J Gastroenterol 2023; 29(26): 4200-4213

URL: https://www.wjgnet.com/1007-9327/full/v29/i26/4200.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i26.4200

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the gastrointestinal tract. It is
believed that GISTs originate from Cajal cells, and mutations in the kit and platelet-derived growth factor receptor-alpha
(PDGFR-0) genes are considered to be the cause of most cases of GISTs. Based on this discovery, specific tyrosine kinase
inhibitors, such as imatinib, have been used as first-line therapy for the treatment of GISTs. Although these drugs have
achieved considerable efficacy in some patients, reports of resistance and recurrence have emerged[1]. Even second-line
target therapy drugs such as sunitinib, protein kinase C (PKC) 412, or BMS-354825 are not effective for all patients[2].
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To overcome tumor resistance, research on GISTs has focused on the search and validation of new targeted therapy
sites and regulatory genes. The Raf-MEK-ERK pathway, which is closely related to GIST, is one of the well-studied
pathways. Extracellular signal-regulated kinase 1/2 (ERK1/2) protein, as a member of the mitogen-activated protein
kinase (MAPK) family, is a core molecule of this signaling pathway. It works with upstream activating molecules and
downstream effector molecules to form an efficient and accurate signal transduction system. The MAPK/ERK Kinase 1/2
(MEK 1/2) protein is a MAPKK (MAPK kinase) that can activate the Thr and Tyr sites on the ERK1/2 protein, thereby
phosphorylating and activating it to produce the activated form of P-ERK1/2. Raf-1 protein is an upstream MAPKKK
(MAPKK Kinase) that can activate the entire pathway by phosphorylating MEK1/2 to obtain P-MEK1/2. The pathway is
regulated by the cell cycle and extracellular stimuli, thus regulating downstream protein kinases, phospholipases, and
transcription factors to play important biological functions[3-5].

The RKIP protein is a structurally complex protein with a "multidirectional switch" regulatory role in multiple
signaling pathways. First, it can regulate multiple signaling pathways and has an inhibitory effect on the Raf-MEK-ERK
pathway, affecting cell invasion and proliferation[6]. Additionally, the RKIP protein is also a phosphorylation target, such
as its binding to G protein-coupled receptor kinase 2 (GRK2) in the G protein-coupled pathway[7]. Recently, the study of
RKIP protein's tumor regulatory function has gradually become a hot spot, and previous studies have reported that RKIP
protein is related to the size of GIST tumors, National Institutes of Health (NIH) staging, and whether the tumor invades
the mucosa, but RKIP cannot be used as an independent factor for GIST prognosis evaluation[8].

Nowadays, research reports on the important clinical and prognostic value of phosphorylated (P)-ERK and P-MEK
proteins closely related to RKIP have gradually emerged in digestive tract tumors such as gastric cancer, colon cancer,
and pancreatic cancer. However, literature on the expression of downstream proteins of the ERK/MAPK pathway
combined with RKIP in GIST is scarce. This study will focus on this aspect and use immunohistochemistry methods, large
sample survival analysis data, and the latest bioinformatics analysis techniques to search for answers to the problem. We
aim to find new tumor treatment targets for GIST and develop more reliable and efficient diagnostic and prognostic
evaluation methods.

MATERIALS AND METHODS

Patients

The research object of the immunohistochemical experiment was 66 paraffin-embedded specimens that were surgically
resected and pathologically diagnosed at China Medical University Affiliated Hospital from January 2015 to January
2020, with complete clinical and follow-up information. There were 36 male cases and 30 female cases, with an age range
of 21-83 years and a mean age of 56.2 years. The tumor occurrence sites were: Stomach in 37 cases (56.1%), duodenum in
12 cases (18.2%), jejunum in 15 cases (22.7%), and colon in 2 cases (3.0%) (Table 1).

The diagnostic criteria for GISTs were histopathological features consistent with GISTs and immunohistochemical
positivity for CD117, immunohistochemical negativity for CD117 but positivity for CD34, or immunohistochemical
negativity for CD117 and CD34 as well as smooth muscle actin, desmin, and S-100 (to exclude smooth muscle tumors and
neurogenic tumors). Among them, 59 cases (90.8%) were CD117-positive, and 50 cases (76.9%) were CD34-positive.

The risk grade criteria for GIST used the modified NIH 2008 risk classification system, which combines three
assessment factors: Tumor location (gastric vs non-gastric: Small intestine and colon, etc.), tumor diameter (< 2 cm, 2-5 cm,
5-10 ecm, > 10 cm), and mitotic count [< 5/50 high-power fields (HPFs), 5-10/50 HPFs, > 10/50 HPFs]. GISTs were
classified as very low risk (I), low risk (II), moderate risk (III), and high risk (IV).

Among the 66 cases of GIST in this study, except for 2 cases who died due to other reasons and 1 case who was lost to
follow-up, the follow-up information of the remaining 63 cases was complete. The follow-up time ranged from 5 to 61
mo, with a mean of 48 mo.

Immunohistochemical staining

The GIST specimens were fixed with formalin, embedded in paraffin, and sectioned into 4 pm-thick slices. The sections
underwent routine dewaxing in water, followed by H,O, treatment at room temperature to inactivate endogenous
enzymes. Subsequently, they were washed three times with distilled water. Antigen retrieval was performed, followed by
incubation with a blocking solution containing 5% BSA at room temperature for 20 min. Primary antibodies (RKIP/P-
ERK/P-MEK antibodies, rabbit IgG) were then added at an appropriate dilution and incubated at room temperature for
12 h. Next, the sections were treated with a secondary antibody (goat anti-rabbit IgG) and incubated at 25 °C for 20 min.
SABC-AP reagent was applied to the sections, followed by incubation at 25 °C for 20 min. For color development, the
BCIP/NBT substrate was prepared by diluting it in TBS, thoroughly mixed, and added to the slides. The sections were
incubated at 25 °C for 20 min, with the reaction time monitored under a microscope. After washing with distilled water,
the sections were lightly counterstained with nuclear red, rinsed, dried, and mounted with a water-soluble mounting
medium for microscopic observation.

Evaluation of inmunohistochemical staining

The positive staining of RKIP, P-ERK, and P-MEK proteins was mainly located in the cytoplasm and cell membrane,
while P-ERK and P-MEK were occasionally observed in the nucleus. The semi-quantitative dual scoring method was used
to evaluate the protein expression of proteins. Under high-power microscopy, scoring was performed based on the
staining intensity and the proportion of positive cells. Ten random high-power fields were selected on each slide, and the
number of positive cells was counted among 100 cells in each field. The average value was calculated and expressed as a
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Table 1 Relationship between proteins expression and clinical and pathological characteristics of gastrointestinal stromal tumors

RKIP P-ERK P-MEK
Characteristic n

Negative  Positive ~ Pvalue® Negative Positive  Pvalue’ Negative  Positive P value®
Sex
Male 36 16 20 0.652 16 20 0.716 22 14 0.365
Female 30 15 15 12 18 15 15
Age inyr
> 56 33 17 16 0.459 13 20 0.618 15 18 0.083
<56 33 14 19 15 18 22 11

Tumor location

Stomach 37 20 17 0.585 16 21 0.902 21 16 0.224
Duodenum 12 4 8 4 8 4 8
Jejunoileum 15 6 9 7 8 11 4
Colon 2 1 1 1 1 1 1

Tumor size in cm

<2 12 1 11 <0.001 8 4 0.009 7 5 0.353
2-5 20 5 15 12 8 14 6

6-10 19 14 5 6 13 10 9

>10 15 11 4 2 13 6 9

NIH risk grade

Very low 10 2 8 <0.001 7 3 0.004 7 3 0.319
Low 20 3 17 13 7 11 9

Moderate 11 8 5] 3 8 8 3

High 25 18 7 5 20 11 14

Mitotic figures as /50

HPFs

0 11 3 8 0.074 5 6 0.015 B 6 0.604
1-4 37 15 22 21 16 22 15

5-10 7 5 2 1 6 5} 2

>10 11 8 B8 1 10 5 6

Mucosal invasion
Yes 34 21 13 0.013 10 24 0.027 18 16 0.599

No 32 10 22 18 14 19 13

“Raf kinase inhibitory protein (RKIP)-positive percentage were compared using the y? test, P < 0.05 were considered statistically significant.
HPFs: High-power fields; NIH: National Institutes of Health; P-ERK: Phosphorylated extracellular-signal regulated kinase; P-MEK: Phosphorylated

mitogen-activated protein kinase\ ERK kinase.

percentage, representing the positivity index of proteins. The detailed scoring criteria were as follows:

(1) Staining intensity scoring criteria: no staining, 0 points; yellow, 1 point; light brown, 2 points; dark brown, 3 points;

(2) Scoring criteria for the proportion of positive cells: < 25% positive cells, 0 points; 25%-50%, 1 point; 51%-75%, 2
points; > 75%, 3 points;

And (3) The overall score was the product of the staining intensity and the proportion of positive cells, and graded as
negative (0-2), mildly positive (+, 3), moderately positive (++, 4-6), or strongly positive (+++, 9). RKIP/P-ERK/P-MEK
expression was judged to be either negative (0-2) or positive (3-9).

Follow-up

Telephone follow-up was the primary method, with outpatient review and correspondence as secondary measures.
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Survival time was calculated as the time from the date of surgery to the date of the last follow-up for surviving patients,
the date of death for deceased patients, and the date of the last follow-up for lost patients. Among them, 63 cases had
complete follow-up data, 2 cases were excluded due to death from other diseases or accidents, and 1 case was excluded
due to loss to follow-up. The follow-up period was from January 2020 to December 2022.

Statistical analysis

SPSS 22.0 software (IBM Corp., Armonk, NY, United States) was used for statistical analysis. Chi-square test was used for
comparing percentages. Spearman analysis was used for correlation analysis of two groups of ordinal data. Kaplan-Meier
method was used to calculate survival rate, and log-rank test was used. Cox univariate analysis was used for single-factor
prognosis analysis, and Cox multivariate regression was used for multi-factor prognosis analysis. A Nomogram was used
to represent the new prognostic evaluation model. The Cox multivariate regression analysis was conducted separately for
each set of risk evaluation factors, based on two risk classification systems (the new risk grade model vs the modified NIH
2008 risk classification system). Receiver operating characteristic (ROC) curves were used for evaluating the accuracy and
efficiency of the two prognostic evaluation systems, and statistical significance was set at P < 0.05.

RESULTS

Immunohistochemical results of RKIP, P-ERK, and P-MEK proteins and their correlation with clinical pathology

In GIST tissues, RKIP protein showed positive expression in the cytoplasm and cell membrane, appearing as brownish-
yellow or brown granules. The immunohistochemical staining result is shown in Figure 1A and B under light microscopy.
Among the 66 specimens tested, RKIP protein was expressed positively in 35 cases (53%) and negatively in 31 cases
(47%). Statistical analysis revealed that the expression of RKIP was related to GIST tumor size, NIH grade, and mucosal
invasion (P < 0.05) (Table 1).

P-ERK protein exhibited heterogeneous distribution in GIST cells, mainly in the cytoplasm, with occasional presence in
the nucleus, and appeared as brownish-yellow granules, as shown in Figure 1C and D. Positive expression of P-ERK
protein was detected in 38 cases (57.6%), while negative expression was detected in 28 cases (42.4%). Clinical pathology
analysis indicated that the expression of P-ERK protein was associated with GIST tumor size, mitotic count, mucosal
invasion, and NIH grade (P < 0.05) (Table 1).

P-MEK protein expression in GIST cells was observed as brownish-yellow granules, mainly distributed in the
cytoplasm, with some in the nucleus, and showed a relatively uniform distribution, as shown in Figure 1E and F. Among
the 66 cases, positive expression of P-MEK protein was found in 29 cases (43.9%), while negative expression was detected
in 37 cases (56.1%). However, no significant correlation was observed between P-MEK protein expression and any
independent clinical-pathological factors of GIST (Table 1).

RKIP, P-ERK, and P-MEK protein co-expression analysis

Spearman's correlation test was used to analyze the correlation between RKIP protein expression and P-ERK/P-MEK
expression. The results showed that in GIST cases, RKIP protein expression was negatively correlated with P-ERK
expression (correlation coefficient = -0.575, P < 0.001); RKIP protein expression also had a certain negative correlation
with P-MEK protein expression (correlation coefficient = -0.323, P < 0.001) (Table 2).

Univariate and multivariate regression analysis

Univariate regression analysis was performed on complete follow-up data from 63 cases, which indicated that tumor
location, tumor size, mitotic count, RKIP protein expression, P-ERK protein expression, RKIP combined with P-ERK
protein co-expression, and NIH grading were all correlated with patient prognosis (P < 0.05).

These univariate factors were further included in COX multivariate regression analysis. The results showed that RKIP
protein expression was not an independent risk factor for tumor prognosis (P = 0.061). However, tumor size (P = 0.037),
NIH grading (P = 0.014), P-ERK protein expression (P = 0.041), and RKIP combined with P-ERK protein expression (P =
0.044) were identified as independent risk factors for prognosis with statistical significance. Among them, the impact of
RKIP combined with P-ERK protein expression on survival time was the highest with a weight factor of Exp (B) at 11.320,
followed by NIH grading, P-ERK expression, and tumor size (Table 3).

Survival analysis curve of RKIP combined with P-ERK in GIST

Based on the expression of RKIP and P-ERK proteins in GIST specimens, we divided the cases into two groups: 1. RKIP
(-) and P-ERK (+) group, and 2. The control group with RKIP (+) or P-ERK (-). We drew survival curves for both groups
to better represent the significance of the combination of these two proteins in predicting GIST prognosis. The results

showed that the survival rate and survival time of Group 1 were significantly lower than those of Group 2 (P = 0.0312)
(Figure 2).

Establishment of a new prognosis evaluation model using RKIP and P-ERK in combination and its prognosis

evaluation efficacy analysis

We included "RKIP expression, P-ERK protein expression, tumor size, tumor location, and mitotic count" as five risk
assessment factors (Table 4: Multivariate 2) and used multivariate Cox regression analysis to draw a new nomogram for
this new evaluation model. We also conducted ROC analysis to evaluate its prognostic performance. As a control, we
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Table 2 Correlations among proteins expression

Protein expressions Negative ~ P-ERK positive  Correlation and P value Negative =~ P-MEK positive  Correlation and P value

RKIP
Negative 3 26 C*=-0.575 11 18 C=-0.323
Positive 25 12 P <0.001 26 11 P =0.008

C: Correlation coefficient value is calculated using Spearman’s rho test, P < 0.05 were considered statistically significant.
P-ERK: Phosphorylated-extracellular-signal regulated kinase; P-MEK: Phosphorylated-mitogen-activated protein kinase\ ERK kinase; RKIP: Raf kinase

inhibitory protein.

Eha s ) - /i

DOI: 10.3748/wjg.v29.i26.4200 Copyright ©The Author(s) 2023.

Figure 1 Immunohistochemical staining. A: Inmunohistochemical staining for raf kinase inhibitor protein (RKIP) in gastrointestinal stromal tumor (GIST)
tissues; B: RKIP protein showed positive expression in the cytoplasm and cell membrane, appearing as brownish-yellow or brown granules; C: Inmunohistochemical
staining for phosphorylated-extracellular signal-regulated kinase (P-ERK) in GIST tissues; D: P-ERK protein exhibited heterogeneous distribution in GIST cells, mainly
in the cytoplasm, with occasional presence in the nucleus, and appeared as brownish-yellow granules; E: Immunohistochemical staining for phosphorylated-mitogen-
activated protein kinase/ERK Kinase (P-MEK) in GIST tissues; F: P-MEK protein expression in GIST cells was observed as brownish-yellow granules, mainly
distributed in the cytoplasm, with some in the nucleus, and showed a relatively uniform distribution. A, C and E were taken under 200 x magnification.

used the three conventional risk factors (tumor location, tumor size, and mitotic count) in the modified NIH 2008 risk
classification system as evaluation factors (Table 4: Multivariate 1) and performed the same statistical analysis.

After analyzing the results of the above analysis (Table 4), we obtained the nomogram of the new prognosis evaluation
model (Figure 3). ROC curve analysis also showed that the new evaluation model (red curve, AUC = 0.860) had better
prognostic performance than the modified NIH 2008 risk classification system (blue curve, AUC = 0.796) (P = 0.0312)
(Figure 4).
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Table 3 Analysis of factors affecting prognosis of gastrointestinal stromal tumors in Cox proportional-hazards regression models for

overall survival, n = 63

Univariate® Multivariate'
Characteristic n
HR 95%Cl P value B Exp (B) P value
Sex
Male 34 0.87 0.32-2.34 0.783 0.004 1.004 0.994
Female 29
Age inyr
> 56 30 0.99 0.96-1.03 0.751 -0.011 0.989 0.609
<56 33
Tumor location
Stomach 36 3.86 1.23-12.18 0.021 0.669 1.953 0.057
Duodenum 12
Jejunoileum 15
Tumor size in cm
<2 11 2.32 1.32-4.07 0.003 0.734 2.083 0.037
2-5 19
6-10 18
>10 14
NIH risk grade
Very low 10 2.32 1.32-4.07 0.002 1.393 4.025 0.014
Low 19
Moderate 10
High 24
Mitotic figures as /50 HPFs
0 11 17 1.06-2.70 0.026 0.179 1.196 0.505
1-4 36
5-10 5
>10 11
RKIP expression
Positive E5 0.14 0.04-0.50 0.002 -2.064 0.127 0.061
Negative 28
P-ERK expression
Positive 36 3.63 1.03-12.73 0.044 1.761 5.821 0.041
Negative 27
P-MEK expression
Positive 28 1.78 0.66-4.79 0.252
Negative 35
RKIP and P-ERK co-expression”
Positive 25 0.34 012-0.94 0.037 2427 11.32 0.044

Negative 38

! Analysed factors were sex, age, tumor location, tumor size, National Institutes of Health (NTH) risk grades, mitotic figures, raf kinase inhibitory protein
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(RKIP), phosphorylated-extracellular-signal regulated kinase (P-ERK) expressions, RKIP and P-ERK co-expressions.

2Based on the expression of RKIP and P-ERK proteins in gastrointestinal stromal tumors specimens, we defined the cases with RKIP (-) and P-ERK (+) as
negative, while the cases with RKIP (+) or P-ERK (-) as positive.

“Log-rank test; P < 0.05 were considered statistically significant.

HPFs: High-power fields; HR: Hazard ratio; MAPK: Mitogen-activated protein kinase; P-MEK: Phosphorylated-MAPK\ ERK kinase.

Table 4 Multivariate analysis of prognostic factors for overall survival of gastrointestinal stromal tumors with two different sets of risk

factors, n =63

Multivariate' Multivariate®
Characteristic n
HR 95%Cl P value® HR 95%Cl P value*
Tumor location
Stomach 36 2.59 0.69-9.69 0.156 413 1.07-15.98 0.04
Duodenum 12
Jejunoileum 15
Tumor size in cm
<2 11 1.92 0.93-3.96 0.079 1.17 0.52-2.62 0.71
2-5 19
6-10 18
>10 14
Mitotic figures as /50 HPFs
0 11 1.22 0.71-2.10 0.472 1.28 0.75-2.18 0.361
1-4 36
5-10 5
>10 11
RKIP expression
Positive 35 0.13 0.03-0.66 0.014
Negative 28
P-ERK expression
Positive 36 0.91 0.19-4.32 0.909

Negative 27

1 Analysed factors were tumor location, tumor size, mitotic figures; above are all the risk factors included in NIH 2008 Risk Grade System.

2Analysed factors were tumor location, tumor size, mitotic figures, raf kinase inhibitory protein (RKIP) expressions and phosphorylated-extracellular-
signal regulated kinase (P-ERK) expressions.

2P < 0.05 were considered statistically significant.

HPFs: High-power fields; HR: Hazard ratio; MAPK: Mitogen-activated protein kinase; P-MEK: Phosphorylated MAPK\ ERK kinase.

DISCUSSION

GIST is the most common mesenchymal tumor in the gastrointestinal tract, accounting for approximately 60%-70% of all
cases. Currently, effective treatment for GIST involves surgery combined with appropriate targeted therapy[9]. However,
resistance to targeted therapy often occurs, and prognosis assessment is still being explored and modified. Therefore,
there is an urgent need to find better therapeutic targets and a more efficient risk grading system.

ERK and MEK proteins are two core proteins in the Raf1-MEK-ERK pathway, which are downstream targets activated
by abnormal C-kit and PDGFR-a genes closely related to GIST. ERK protein is associated with various diseases[10] such as
tumors, heart failure, developmental disorders, and autoimmune diseases[11-13]. RKIP protein is a natural inhibitor of
Raf-1 protein and is widely present in living organisms. It has an inhibitory effect on the metastasis and proliferation of
various tumors.

In our preliminary experiments, we found that high expression of RKIP protein was related to GIST tumor size,
invasion of the mucosa, and NIH grading. However, the single expression of RKIP protein alone is not sufficient as a
single risk factor for evaluating GIST prognosis. Recent reports have suggested that RKIP protein regulates the expression
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PKIP and P-ERK combined analysis
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Figure 2 Relationship between raf kinase inhibitor protein and phosphorylated-extracellular-signal regulated kinase co-expression and
prognosis in gastrointestinal stromal tumors. Comparison with the raf kinase inhibitor protein (RKIP)-negative and phosphorylated-extracellular signal-

regulated kinase (P-ERK)-positive groups; RKIP high expression group is correlated with a better survival rate and the difference was significant. Log-rank analysis, P
=0.0312.
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Figure 3 Nomogram for the new risk grade model with consideration of raf kinase inhibitory protein and phosphorylated-extracellular-
signal regulated kinase to predict the probabilities of 5-yr survival with gastrointestinal stromal tumors. Raf kinase inhibitory protein (RKIP)

expression, phosphorylated-extracellular-signal regulated kinase (P-ERK) expression, tumor size, tumor location and mitotic count are involved as assessment
factors.

of the MEK/ERK pathway in pancreatic cancer[14,15], thereby affecting tumor resistance and invasion. Additionally, it
has been found that the combination of RKIP and P-ERK proteins in gastric cancer has a predictive significance for tumor
prognosis[16]. These findings inspired us to focus on the combined detection of RKIP, P-ERK, and P-MEK proteins in
GIST, in hopes of gaining further insights.

Clinical and pathological correlations

In this experiment, we analyzed the expression of RKIP, P-ERK, and P-MEK proteins in GIST and found that RKIP
expression is related to GIST tumor size and NIH staging. This result is consistent with the research findings of Yuan et al
[17], who found that knocking down the RKIP gene promotes cell growth in nasopharyngeal carcinoma cell lines[17].

In addition to its correlation with tumor size and NIH staging, P-ERK protein is also related to the mitotic count in
GIST cells. Zhang et al[18] found that high expression of RKIP protein leads to low expression of P-ERK protein in the
human choriocarcinoma cell line JEG-3. Furthermore, transfection with low P-ERK level tumor cells significantly reduced
their growth activity compared to the control group, indicating that P-ERK protein is related to tumor cell proliferation
[18].

The mechanism may be that low RKIP expression in GIST tumor cells leads to more phosphorylation of downstream
ERK1/2 protein, forming P-ERK protein, which can control important structures in cell division such as centrosomes,
spindle fibers, and centromeres[19,20], accelerating the tumor cell cycle and mitosis[21]. In addition, low RKIP expression
causes dysregulation of its ligand Raf-1 protein, which upregulates the cell mitotic cycle[22,23], accelerating tumor
growth. Moreover, ERK protein can be rapidly transported into the nucleus, further phosphorylating and activating
proliferation-related transcription factors such as AP-1, ELK-1, and Serum Response Factor Accessory Protein (SAP),
promoting cell proliferation and causing abnormal nuclear division[24]. Thus, low RKIP expression in GIST upregulates
P-ERK, leading to tumor enlargement and increased nuclear division.
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Figure 4 Receiver operating characteristic curves for two risk grade system in predicting overall survival of gastrointestinal stromal
tumors. The red curve represents for the new risk grade model and the blue one represents for National Institutes of Health (NIH) 2008 Risk Grade System. The
area under the curve was 0.860 for the new risk grade model, while 0.796 for NIH 2008 Risk Grade System. Compared with the traditional NIH 2008 system, the new
model which is with consideration of raf kinase inhibitory protein and phosphorylated-extracellular-signal regulated kinase is correlated with a better prediction
efficiency for overall survival of gastrointestinal stromal tumors, the difference was significant. Log-rank analysis, P = 0.0312. AUC: Area under curve.

The NIH 2008 risk classification system is a recognized postoperative prognostic assessment system for GIST, which is
based on three independent risk factors: Tumor location, tumor size, and mitotic index. RKIP and P-ERK proteins are
associated with two of these factors, and it is easy to understand that protein expression is also related to NIH 2008 risk
classification results. Schoppmann et al's report suggests that loss of RKIP expression tends to increase the risk level of
GIST cases in Fletcher's risk classification and a similar conclusion is drawn in Miettinen's risk classification[25]. Wang et
al[26] also found that RKIP protein expression is related to TNM staging in non-small cell lung cancer[26].

We also found that both RKIP protein and P-ERK protein are related to the mucosal invasion status of GIST tumors.
Martinho et al[27] found in experiments that low expression of RKIP protein often indicates a tendency of GIST tumors to
invade and metastasize[27]. A similar correlation is found in gastric cancer between RKIP protein expression and tumor
invasion depth, lymph node metastasis, and distant metastasis. The mechanism may be related to the interaction between
RKIP protein and Snail protein, which regulates tumor Epithelial-Mesenchymal Transition (EMT)[28]: Snail protein can
bind and downregulate E-cadherin protein, thereby regulating EMT; at the same time, it binds to the RKIP protein
promoter E-box region to downregulate RKIP protein transcription. Thus, when Snail upregulates EMT, RKIP is often
reduced[29].

In the analysis of clinical and pathological factors, no statistically significant results were found for P-MEK protein
expression. However, there is a certain negative correlation between RKIP and P-MEK expression, which is statistically
significant. This may indicate that RKIP has a certain regulatory effect on P-MEK. Schoppmann et al[25] found in their
immunohistochemical study of GIST specimens that P-MEK1/2 expression is related to whether the tumor can be
completely resected, but has no significant relationship with other factors. The conclusions of this study are mutually
corroborated.

Analysis of co-expression of RKIP and P-ERK proteins

In this experiment, it was found that the expression of RKIP and P-ERK in GIST was negatively correlated (P < 0.05).
Yang et al[14] found that inhibiting ERK phosphorylation would upregulate RKIP expression in pancreatic cancer cell
lines; while Yuan ef al[17] reported that high expression of RKIP in nasopharyngeal carcinoma cells can also inhibit ERK
protein activation. Therefore, RKIP protein and P-ERK protein have mutual regulatory functions. Recently, the novel and
revolutionary "Phospho-Theft" hypothesis about RKIP provides a perfect explanation for its possible mechanism[30].
RKIP protein has two completely different functions: When not phosphorylated, RKIP protein inhibits the activation and
signal transmission of Raf-1 protein, which can reduce the activation of downstream MEK/ERK; after RKIP is
phosphorylated by PKC protein at S153, P-RKIP substrate transfers to GRK2[31], which can enhance the activation of the
B-AR pathway and activate downstream substrate ERK[32]. In addition, RKIP is regulated by feedback of KRAS-ERK
pathway. At the same time, P-ERK can undergo self-phosphorylation, thereby activating downstream substrates such as
Elk1, mitogen-and stress-activated protein Kinase, c-myc, etc[33].

Univariate and multivariate survival analysis and survival curve

Combining univariate and multivariate COX regression analysis, it was found that RKIP protein expression could not
serve as an independent risk factor for predicting tumor prognosis (P = 0.061). Tumor size (P = 0.037), NIH grading (P =
0.014), P-ERK protein expression (P = 0.041), and RKIP combined with P-ERK protein expression (P = 0.044) could serve
as independent prognostic factors with statistical significance. Among them, the combined expression of RKIP and P-ERK
had the highest impact on survival, with a weight factor of Exp (B) at 11.320, followed by NIH grading, P-ERK
expression, and tumor size. Furthermore, we plotted survival curves for GIST cases based on their combined RKIP and P-

WJG | https://www.wjgnet.com 4209 July 14,2023 | Volume?29 | Issue26 |

Jaishideng®



Qu WZ et al. RKIP and P-ERK's value in GIST

ERK expression, revealing a significant difference in survival rates between groups. Therefore, the combined expression
of RKIP and P-ERK has significant prognostic value for evaluating the prognosis of GIST patients and carries greater
weight. This is consistent with findings in a study on nasopharyngeal carcinoma where RKIP was found to be an
independent risk factor for predicting prognosis. In gastric cancer, the combined expression of P-ERK and RKIP was
found to be associated with a 5-year relapse-free survival after surgery.

Establishment of a GIST prognostic model based on RKIP and P-ERK protein expression

Standardized treatment for GIST includes timely surgery and rational targeted therapy. The indication for targeted
therapy is currently based on the NIH 2008 risk classification system applied to postoperative pathology results, with
Imatinib (a representative TKI drug) for the intermediate and high-risk population[34]. Meanwhile, the Armed Forces
Institute of Pathology and World Health Organization 2013 risk classifications are also used[35]. However, there are
differences in the results among various risk classification systems, and there are difficulties in using and interpreting
them for the public. As mentioned in this article, we found that the combination of RKIP and P-ERK protein expression is
of great significance for the prognostic evaluation of GIST patients. Therefore, we incorporated RKIP and P-ERK protein
expression, as well as tumor size, tumor location, and mitotic count, into a new GIST risk assessment model and plotted a
survival curve. We analyzed its evaluation efficiency using the ROC curve, and the results showed that it is superior to
the NIH 2008 risk classification system (Area Under Curve 0.860 vs 0.796).

Perspectives and limitations

In recent years, GIST-related research has been devoted to identifying new biomarkers and finding new therapeutic
targets[36]. As one of the hotspots, our study found that the combination of RKIP and P-ERK proteins can effectively
indicate the prognosis of GIST and can be used to guide GIST targeted therapy. More researchers have focused on the
application and exploration of RKIP and P-ERK proteins in tumor diagnosis and treatment, such as the recent successful
case of using urine RKIP monitoring to evaluate the prognosis of clear cell renal cell carcinoma (ccRCC)[37]. Serum RKIP
levels have also been used to monitor the efficacy of treatment for multiple sclerosis[38]. In terms of treatment, ERK
inhibitors combined with chloroquine can improve the adjuvant therapy for pancreatic cancer with K-Ras mutations[39],
and imatinib combined with chloroquine (to inhibit autophagy) has also been attempted in GIST drug-resistant experi-
mental studies[40].

Our experiment fills the gap in the research on the relevance of RKIP and P-ERK in GIST, further confirming the
significance of these proteins in tumor physiology and clinical treatment. However, the experiment still has some
limitations. Firstly, due to the lower incidence of GIST comparing to other gastrointestinal tumors, the sample size was
limited. We will continue to recruit more samples and track their follow-up, using more abundant data for further
validation and research. Secondly, this experiment used immunohistochemical methods for protein level research. In the
future, we will supplement molecular level experiments to further elucidate the mechanism of action of relevant sites on
the RKIP and ERK/MAPK pathways, and better guide targeted therapy. The above is also the focus of our project and
ongoing work. We are confident in making improvements and will strive to promote a new chapter in the RKIP-related
diagnosis and treatment of GIST.

CONCLUSION

Our experimental results showed that the expression of RKIP and p-ERK proteins in GIST was associated with tumor
size, NIH 2008 staging, tumor invasion, and p-ERK expression was also related to mitotic count. The expression of the
two proteins had a certain negative correlation. The combined expression of RKIP and p-ERK proteins can serve as an
independent risk factor for predicting the prognosis of GIST patients. The new risk assessment model incorporating RKIP
and p-ERK has superior evaluation efficacy and is worth further practical application to help validate results.

ARTICLE HIGHLIGHTS

Research background

Nowadays, research reports on the important clinical and prognostic value of phosphorylated-extracellular signal-
regulated kinase (P-ERK) and phosphorylated-mitogen-activated protein kinase (MAPK/ERK) kinase (P-MEK) proteins
closely related to raf kinase inhibitor protein (RKIP) have gradually emerged in digestive tract tumors.

Research motivation
The expression of downstream proteins of the ERK/MAPK pathway combined with RKIP in gastrointestinal stromal
tumor (GIST) is scarce.

Research objectives

To detect the expression of RKIP, P-ERK, and P-MEK proteins in GIST and to analyze their relationship with clinicopath-
ological characteristics and prognosis of this disease. Try to establish a new prognosis evaluation model using RKIP and
P-ERK in combination and analyze its prognosis evaluation efficacy.
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Research methods
This study will focus on this aspect and use immunohistochemistry methods, large sample survival analysis data, and the
latest bioinformatics analysis techniques to search for answers to the problem.

Research results

Our experimental results showed that the expression of RKIP and P-ERK proteins in GIST was associated with tumor
size, NIH 2008 staging, tumor invasion, and P-ERK expression was also related to mitotic count. The expression of the
two proteins had a certain negative correlation.

Research conclusions

The combined expression of RKIP and P-ERK proteins can serve as an independent risk factor for predicting the
prognosis of GIST patients. The new risk assessment model incorporating RKIP and P-ERK has superior evaluation
efficacy and is worth further practical application to validate.

Research perspectives

As one of the hotspots, our study found that the combination of RKIP and P-ERK proteins can effectively indicate the
prognosis of GIST and can be used to guide GIST targeted therapy. More researches are needed to focus on the
application and exploration of RKIP and P-ERK proteins in tumor diagnosis and treatment.
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