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Background: To explore the diagnostic values of CD117 and PDGFRA protein expressions, used alone or in 

combination with DOG1 protein, for gastrointestinal stromal tumors (GIST). 

Methods: The CD117, PDGFRA and DOG1 protein expressions in 99 GIST specimens and 25 non-GIST 

specimens were retrospectively determined, and the potential correlations were analyzed. 

Results: The positive rates of CD117, PDGFRA, and DOG1 expressions were 93.94% (93/99), 53.54% (53/99), 

and 90.91% (90/99) in GIST group and 4.00% (1/25), 4.00% (1/25), and 12.00% (3/25) in non-GIST group (all 

P<0.05). The expressions of CD117, PDGFRA, and DOG1 had no significant correlation with clinicopathological 

parameters including gender, age, tumor diameter, tumor location, histotype, and risk degree (all P>0.05). The 

sensitivities of CD117, PDGFRA, DOG1, CD117 + DOG1, PDGFRA + DOG1, and CD117 + PDGFRA + DOG1 

were 0.989, 0.981, 0.968, 0.960, 0.933, and 0.961 in judging GIST, respectively, and the specificities were 0.800, 

0.343, 0.710, 0.840, 0.947, and 0.955, respectively. The areas under the ROC curve (AUC) in these six groups were 

0.945, 0.748, 0.895, 0.895, 0.840, and 0.975, respectively. 

Conclusions: The populations that may benefit more from the detection of CD117, PDGFRA, and DOG1 

protein expression for GIST need to be further identified. Detection of CD117 and PDGFRA protein, alone or in 

combination with DOG1, may increase the accuracy of GIST diagnosis.
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Introduction

The gastrointestinal stromal tumor (GIST) is the 
most common mesenchymal tumor of the intestinal 
tract, accounting for about 70% of all gastrointestinal 
mesenchymal tumors (1-3). GIST occurs mainly in middle-
aged and elderly people and can affect both men and 
women (4). In past, the understanding of GIST diagnosis is 
quite diverse due to limitations in pathological techniques. 

Research has demonstrated that most of the previously 
diagnosed gastrointestinal smooth muscle tumor and 
neurilemmoma belong to GIST (5,6). In recent years, 
GIST has become a hot research topic along with advances 
in immunohistochemical and molecular pathological studies 
and with the development of the molecularly targeted drug 
imatinib (Gleevec). The discovered on GIST-1 (DOG1) 
is a specifically expressed membrane protein in GIST 
cells. It is encoded by the DOG1 gene, while its specific 
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functions remain unclear (7,8). In our current study, we 
retrospectively analyzed the clinicopathological parameters 
in 99 GIST patients, with an attempt to explore the role of 
CD117 and PDGFRA proteins, alone or in combination 
with DOG1 protein, in diagnosing GIST.

Patients and methods

Patients 

Totally 99 patients with surgically/pathologically confirmed 
GIST who were surgically treated in our centers from 2012 to 
2013 were enrolled as the GIST group; in addition, 25 patients 
without GIST were enrolled as the non-GIST group. In the 
GIST group, there were 51 men and 48 women, with a median 
age at onset of 56 years (range, 26-85 years). The tumors sized 
5-45 cm (median: 6.2 cm). The primary tumor sites included 
stomach (n=50), small intestine (n=28), and colon and rectum 
(n=21). The histological types included spindle cell type (n=74), 
epithelial cell type (n=13), and mixed type (n=12). The risk 
degree was extremely low in 12 patients, low in 29 patients, 
moderate in 37 patients, and high in 21 patients [according to 
the National Institute of Health risk stratification method (9)]. 
In the non-GIST group, there were 13 men and 12 women, 
with a median age at onset of 49 years (range, 14-72 years). 
The histological types included smooth muscle tumors (n=17) 
and neurilemmoma (n=8). The primary tumor sites included 
stomach (n=9), small intestine (n=8), and colon and rectum 
(n=8). Each specimen from these patients was reviewed by 
three pathologists.

Methods 

The postoperative specimens were fixed in 4% neutral-buffered 
formalin prior to routine dehydration and embedment. 
Paraffin sections were cut at 3 µm thickness for routine HE 
staining. The expressions of relevant proteins were detected by 
immunohistochemistry (EnVision method). The anti-CD117, 
anti-PDGFRA, and anti-DOG1 antibodies and EnVision 
kit were purchased from ZSQB-Bio, Beijing, China. The 
experimental procedures were conducted in strict accordance 
with kit instructions. Positive controls were set for each batch 
of stained specimens, and PBS was used as the negative control.

Result judgment

CD117 is the protein product of carcinoma-in-situ gene, with 
the positive sites being the cytoplasm and nucleus. PDGFRA 
is the protein product of carcinoma-in-situ gene, with the 

positive sites being the cell membrane and cytoplasm. DOG1 
can be selectively expressed in GIST, with the positive sites 
being the cell membrane and cytoplasm. The criteria for 
positive staining (brown-yellow in color) is as follows (10): 
randomly select 10 high-power fields and count the number 
of positive cells, and then calculate the average. According to 
the proportion of positive cells among the tumor cells, the 
results were interpreted as follows: −, if <5%; +, if 5-25%; ++, 
if 26-50%; and +++, if >50%.

Statistical analysis

The statistical analysis was performed using the SPSS 
19.0 software package. Using chi square test and Fisher’s 
exact probability method, we calculated the sensitivities, 
specificities, and areas under ROC curve (AUC) of CD117, 
PDGFRA, DOG1, CD117 + DOG1, PDGFRA + DOG1, 
and CD117 + PDGFRA + DOG1 in detecting/judging 
GIST, with a statistical significance level of α=0.05. A two-
sided P<0.05 was considered statistically significant.

Results

Protein expressions of CD117, PDGFRA, and DOG1 in 
gastrointestinal stromal tumor (GIST) group

The positive rates of CD117, PDGFRA, and DOG1 in 
GIST group [93.94% (93/99), 53.54% (53/99), and 90.91% 
(90/99), respectively] were significantly higher than those 
in non-GIST group [4.00% (1/25), 4.00% (1/25), 12.00% 
(3/25), respectively] (χ2=83.198, P=0.000; χ2=17.761, 
P=0.000; and χ2=62.142, P=0.000, respectively) (Figure 1).

Relationship between the protein expressions of CD117, 
PDGFRA, and DOG1 and clinicopathological parameters 
in gastrointestinal stromal tumor (GIST) group 

The expressions of CD117, PDGFRA, and DOG1 had no 
significant correlation with clinicopathological parameters 
including gender, age, tumor diameter, tumor location, 
histotype, and risk degree (all P>0.05) in GIST patients (Table 1).

Sensitivities and specificities of CD117 and PDGFRA, 
alone or in combination with DOG1, in detecting 
gastrointestinal stromal tumor (GIST) 

The sensitivity, specificity, positive likelihood ratio, 
negative likelihood ratio, odds ratio, and AUC of CD117 
and PDGFRA, alone or in combination with DOG1, in 
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Figure 1 CD117, PDGFRA and DOG1 positive result judgment in GIST tissues. (A) CD117(−); (B) CD117(+); (C) PDGFRA(−); (D) 
PDGFRA(+); (E) DOG1(−); (F) DOG1(+). EnVision, ×200. GIST, gastrointestinal stromal tumor.

Table 1 CD117, PDGFRA, and DOG1 expression rates and clinical pathological parameters analysis in GIST patients

Clinical features n
CD117 PDGFRA DOG1

− +~+++ χ2/P − +~+++ χ2/P − +~+++ χ2/P

Gender 0.000/1.000 0.276/0.599 0.009/0.924

Men 51 3 48 25 26 4 47

Women 48 3 45 21 27 5 43

Age (years) 0.000/1.000 0.648/0.421 0.000/1.000

≤50 32 2 30 13 19 3 29

>50 67 4 63 33 34 6 61

Tumor size (cm) 0.302/0.583 2.820/0.093 0.738/0.390

≤5 47 4 43 26 21 6 41

>5 52 2 50 20 32 3 49

Tumor location 4.458/0.108 5.006/0.082 1.328/0.515

Stomach 50 1 49 20 30 3 47

Small intestine 28 4 24 18 10 3 25

Colon and rectum 21 1 20 8 13 3 18

Histological type 3.334/0.189 0.404/0.817 0.806/0.668

Spindle cell type 74 4 70 34 40 6 68

Epithelioid cell type 13 0 13 7 6 1 12

Mixed type 12 2 10 5 7 2 10

Degree of risk 4.337/0.227 3.030/0.387 4.837/0.184

Extremely low 12 1 11 3 9 1 11

Low 29 1 28 13 16 3 26

Moderate 37 4 33 19 18 5 32

High 21 0 21 11 10 0 21

GIST, gastrointestinal stromal tumor.
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detecting GIST are listed in Table 2.

Role of ROC curve in gastrointestinal stromal tumor 
(GIST) diagnosis

The AUCs of CD117, PDGFRA, DOG1, CD117 + 
DOG1, PDGFRA + DOG1, and CD117 + PDGFRA + 
DOG1 in detecting/judging GIST were 0.945, 0.748, 0.895, 
0.895, 0.840, and 0.975. It was significantly in the CD117+ 
PDGFRA + DOG1 group than those in the other five 
groups (Figure 2). 

Discussion

GISTs are rare neoplasms arising from gastrointestinal 

mesenchymal t issues,  with a prevalence of  about  
0.5-1 per 100,000 persons in the general population (1). 
The diagnosis of GIST is mainly based on the pathological 
and immunohistochemical findings. Pathologically the 
GIST cells have two morphological types: spindle cells and 
epithelioid cell types. According to the histological features, 
GIST can be divided into three types: spindle cell type, 
epithelioid cell type, and mixed type. Under the microscope, 
the spindle cells are often found to be arranged in a form of 
cross-beam, fence, or whorl, with vacuoles commonly seen 
around the nucleus, which makes it difficult to differentiate 
it from smooth muscle-originated tumors, fibrous tumors, 
and neurogenic tumors. The epithelioid cells are often 
ranged in diffuse, nesting forms. Their cytoplasm is deeply 
eosinophilic, with vacuoles with translucent content. The 
features of nucleus can be diverse. Sometimes it is difficult 
to differentiate it from atypical leiomyoma and Signet Ring 
cells. The mixed type is defined by the co-existence of 
spindle cells and epithelioid cells. The spindle cell type is 
most common, accounting for about 70%; the epithelioid 
cell type is less frequently seen, accounting for 20%; 
even less is the mixed type (11). Immunohistochemically, 
CD117 is the protein product of c-Kit gene, with a protein 
expression rate of 80-100% in GIST but seldom expressed 
in non-GIST (12). PDGFRA is the product of PDGFRA 
gene activation and mutation, with a protein expression rate 
of 50-60% in GIST; compared with CD117, it has relatively 
lower sensitivity and specificity (13). It has been reported 
that 4-15% of GIST patients had negative or unconfirmed 
CD117 or PDGFRA expression, which may mislead the 
diagnosis of GIST (14). DOG1 is a novel biomarker that is 
specifically expressed in GIST; also, it is a transmembrane 
protein on human 11q13 chromosome. It has a high protein 
expression rate (94-96%) in GIST cells but usually is not 
expressed in other tissues (7,15,16). In our current study, 

Figure 2 The ROC curves of CD117 and PDGFRA, alone or in 
combination with DOG1, for detecting GIST. GIST, gastrointestinal 
stromal tumor.

Table 2 The sensitivities and specificities of CD117 and PDGFRA, alone or in combination with DOG1, in the diagnosis GIST

Parameters Sensitivity Specificity
Positive likelihood 

ratio

Negative likelihood 

ratio

Diagnostic odds 

ratio

Area under ROC 

curve

CD117 0.989 0.800 4.945 0.014 372.000 0.945

PDGFRA 0.981 0.343 1.493 0.055 27.652 0.748

DOG1 0.968 0.710 3.338 0.045 73.333 0.895

CD117 + DOG1 0.960 0.840 6.000 0.048 61.071 0.895

PDFGRA + DOG1 0.933 0.947 17.604 0.071 252.000 0.840

CD117 + PDGFRA + DOG1 0.961 0.955 21.356 0.041 2,352.000 0.975

GIST, gastrointestinal stromal tumor.
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the protein expressions of CD117, PDGFRA, and DOG1 
were significantly higher in GIST group than in non-GIST 
group. However, the expressions of CD117, PDGFRA, and 
DOG1 of GIST patients had no significant correlation with 
clinicopathological parameters including gender, age, tumor 
diameter, tumor location, histotype, and risk degree (all 
P>0.05). Thus, the populations that may benefit more from 
the detection of CD117, PDGFRA, and DOG1 protein 
expression for GIST need to be further identified.

Dei Tos et al. (17) detected DOG1 expression in 
specimens obtained from 139 GIST patients and 438 non-
GIST patients and found that the sensitivity of DOG1 
expression in judging GIST was up to 97.84%; meanwhile, 
they also found positive DOG1 expression in CD117-
negative patients, suggesting that combination of DOG1 
and CD117 may be more valuable for GIST detection. 
To our knowledge, no study had explored the roles of 
PDGFRA + DOG1 and CD117 + PDGFRA + DOG1 
in detecting GIST. In our current study, the sensitivity, 
specificity, diagnostic OR, and AUC of CD117 protein 
expression in detecting GIST were 0.989, 0.800, 372.000, 
and 0.945, respectively; the sensitivity, specificity, diagnostic 
OR, and AUC of PDGFRA protein expression in detecting 
GIST were 0.981, 0.343, 27.652, and 0.748, respectively; 
the sensitivity, specificity, diagnostic OR, and AUC of 
DOG1 protein expression in detecting GIST were 0.968, 
0.710, 73.333, and 0.895, respectively; the sensitivity, 
specificity, diagnostic OR, and AUC of CD117 + DOG1 
protein expressions in detecting GIST were 0.960, 0.840, 
61.071, and 0.895, respectively; the sensitivity, specificity, 
diagnostic OR, and AUC of PDGFRA + DOG1 protein 
expressions in detecting GIST were 0.933, 0.947, 252.000, 
and 0.840, respectively; and the sensitivity, specificity, 
diagnostic OR, and AUC of CD117 + PDGFRA + DOG1 
protein expressions in detecting GIST were 0.961, 0.955, 
352.000, and 0.975, respectively. Therefore, detection of 
CD117 and PDGFRA protein, alone or in combination 
with DOG1, may increase the accuracy of GIST diagnosis.

In summary, the populations that may benefit more 
from the detection of CD117, PDGFRA, and DOG1 
protein expression for GIST need to be further identified. 
Detection of CD117 and PDGFRA protein, alone or in 
combination with DOG1, may increase the accuracy of 
GIST diagnosis.
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