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Objective: To study the correlation between tumor abnormal protein (TAP) and tumor 
markers, blood glucose, uric acid and coagulation function in gastric adenocarcinoma and to 
evaluate the clinical application of TAP in the diagnosis of gastric adenocarcinoma.
Methods: A total of 34 nontumor patients and 95 gastric adenocarcinoma patients admitted 
to the First Affiliated Hospital of Jinzhou Medical University were enrolled in this study. 
Fresh blood from patients’ fingertips was collected, all blood samples were examined with 
TAP testing kit, and then searched and measured the condensed particulate matter.
Results: The comparison of TAP between nontumor patients and gastric adenocarcinoma 
patients was statistically significant (P<0.05). Bivariate correlation analysis was conducted 
between TAP and other related tumor markers (alpha-fetoprotein, carcinoembryonic antigen, 
carbohydrate antigen 19–9 (CA199), carbohydrate antigen 72–4 (CA72-4)), blood glucose, 
uric acid, and coagulation function-related indicators, and the results showed that the 
correlation between TAP and CA199, CA72-4, and activated partial prothrombin time was 
statistically significant. In addition, according to the analysis results, there was no significant 
difference among TAP and age, height and weight in the tumor population and the nontumor 
population.
Conclusion: TAP can be used for the screening and diagnosis of gastric adenocarcinoma, 
and the effect of TAP combined with other indicators is more significant than TAP alone.
Keywords: tumor abnormal protein, gastric adenocarcinoma, tumor markers, blood glucose, 
uric acid, coagulation function

Introduction
Followed by lung cancer and liver cancer in men and breast cancer and lung cancer 
in women, gastric cancer is still the third leading cause of cancer-related death.1 At 
present, the treatment of gastric cancer is mainly surgical operation supplemented 
by chemotherapy, radiotherapy, targeted therapy, immunotherapy and supportive 
treatment. Some early gastric cancer can be treated by endoscopic resection, and 
advanced gastric cancer can be treated by open or laparoscopic gastrectomy and 
lymph node dissection. Chemotherapy is suitable for neoadjuvant therapy before 
radical gastrectomy, for patients with unresectable lesions or postoperative recur-
rence, and for adjuvant treatment after radical gastrectomy. However, the mortality 
of gastric cancer remains high because of the stage and drug resistance of various 
chemotherapy drugs. Therefore, early screening of gastric cancer is particularly 
important.

Early screening of gastric cancer includes the determination of tumor markers, the 
detection of HP and other methods, but the specificity is not very high. Gastroscopy 
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biopsy is the gold standard for the diagnosis of gastric 
cancer; because gastroscopy is an invasive examination 
method, it causes pain and discomfort to patients. 
Therefore, we need to find more accurate methods for the 
early screening and diagnosis of gastric cancer. Recently, it 
was found that the detection rate of tumor abnormal protein 
(TAP) is high in early gastric cancer. Tumor abnormal 
protein (TAP) is mainly caused by incomplete glycosylation 
or the activation of new glycosyltransferases to produce new 
glycosylation. Therefore, this study combined TAP with 
other tumor markers, blood glucose levels, uric acid levels 
and coagulation function-related indicators to explore the 
significance of screening, diagnosis and development of 
gastric cancer.

Methods
Study Population
We collected data from 95 patients with gastric cancer and 
34 nontumor patients between July 2020 and January 2021. 
All patients with gastric cancer were required to be patho-
logically diagnosed with gastric adenocarcinoma. A total of 
34 nontumor patients (21 males and 13 females; aged 27 to 
85 years, with an average of 63.79±2.56 years) were 
included. A total of 95 gastric adenocarcinoma patients (65 
males and 30 females; aged 37 to 87 years, with an average 
of 64.07±1.01 years) were included. Our study was con-
ducted in accordance with the Declaration of Helsinki. All 
patients signed an informed consent form, and this study was 
approved by the Ethics Committee of The First Affiliated 
Hospital of Jinzhou Medical University.

TAP Detection
The first drop and the second drop of fresh whole blood 
from the fingertip of the tested person were taken and 
smeared on a slide for preparation. After natural air dry-
ing, TAP was detected using a TAP testing kit and exam-
ination system (Zhejiang Ruisheng Medical Technology, 
Ltd., Cixi, China). The condensed particles were observed 
under a microscope, and the particle area of the condensed 
particles was measured. In the blood, TAP reacted with the 
reagent and produced crystal-like condensation. When 

TAP was positive, the condensation area was greater than 
or equal to 225 µm2, and when TAP was weakly positive, 
the condensation area was 121–225 µm2.

Statistical Analysis
The results are shown as the mean ± standard error of the 
mean (SEM). SPSS 25.0 software was used for statistical 
analyses and variance tests. A P value less than 0.05 was 
set as a significant difference.

Results
Basic Characteristics of Gastric 
Adenocarcinoma Patients and Nontumor 
Patients
Ninety-five patients with gastric adenocarcinoma and thirty- 
four nontumor patients were enrolled in this study. The mean 
age of patients with gastric adenocarcinoma and nontumor 
patients was 64.07±1.01 years and 63.79±2.56 years, respec-
tively. TAP was detected in patients with gastric adenocar-
cinoma and nontumor patients, and the previous difference 
between the two was statistically significant (Table 1). 
According to our analysis, TAP showed no statistically sig-
nificant differences with age, sex, height, weight, tumor 
differentiation or tumor TNM stage (Table 2). The positive 
detection rate of TAP in gastric adenocarcinoma patients is 
significantly higher than that in nontumor patients, so TAP 
can be used to detect gastric adenocarcinoma.

Correlation Between TAP and Tumor 
Markers
To evaluate the potential of the four tumor markers as pre-
dictive indicators for the diagnosis of gastric adenocarcinoma, 
bivariate correlation analysis was performed, and it was 
found that the correlation between TAP and alpha- 
fetoprotein (AFP) and CEA was not statistically significant, 
but the correlation between TAP and CA199 and CA72-4 
was statistically significant, indicating that CA199 and CA72- 
4 can be used as independent predictive indicators (Table 3). 
We compared the specificity and sensitivity of TAP, CEA and 
CA199 and found that TAP has a high sensitivity and speci-
ficity in the diagnosis of gastric adenocarcinoma (Figure 1).

Table 1 Comparison of TAP Between Nontumor Patients and Gastric Adenocarcinoma Patients

Crowd Number Concentration(µm2) Positive(%) P

Non-tumor patients 34 100.8626±25.81562 23.5 <0.001

Adenocarcinoma of the stomach 95 160.6701±52.86761 68.4
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The Correlation of TAP with Blood Glucose, 
Uric Acid and Coagulation Function
The literature has shown that high glycemic load increases 
the risk of gastric cancer, especially in the Asian 
population.2 For this reason, the correlation between TAP 
and blood glucose was discussed, but the correlation 

between them was not statistically significant after analysis 
(Table 4). Excessive uric acid production in gastric cancer 
patients may be due to increased activity of xanthine dehy-
drogenase, which in turn may lead to proinflammatory activ-
ity leading to cell transformation.3 In Y V Dumanskiy et al’s 
article, purine metabolism disorder was observed in all 
gastric cancer patients in the experimental group, and the 
change in uric acid was more obvious in gastric cancer.4 

Therefore, the correlation between TAP and uric acid was 
analyzed, but the correlation between them was not statisti-
cally significant (Table 5). The impaired balance between 
clotting and fibrinolysis leads to thrombus formation, and 
hypercoagulability is a risk factor for aggravating thrombus 
formation.5–7 Therefore, the correlation between coagulation 
function and TAP was analyzed and found to play a guiding 
role in the prognosis of gastric cancer patients (Table 6).

The Correlation Analysis of the 
Remaining Indexes
By analyzing the data of all patients, it was concluded that 
there was no correlation between disease status and age, 
sex, height, weight, stage or HER-2 (p>0.05). However, 
CA199 was significantly correlated with staging (Table 7). 
TAP expression levels were divided into a normal group, 
weakly positive group and positive group, and the relation-
ship between CA199, CA72-4 and APTT and the three 
TAP expression groups was analyzed according to the 
groups. The analysis found that the difference in CA199 
between the normal group and the positive group was 
statistically significant, the difference in CA199 between 
the weak positive group and the positive group was statis-
tically significant, and the difference in CA199 between 
the positive group and the other two groups was statisti-
cally significant. The analysis found that the difference in 
CA72-4 between the normal group and the positive group 
was statistically significant, the difference in CA72-4 
between the weak positive group and the positive group 
was statistically significant, and the difference in CA72-4 
between the positive group and the other two groups was 

Table 2 Baseline Characteristics of Patients with Gastric 
Adenocarcinoma

Characteristics Number Correlation 
Coefficient

P

Age 0.151 0.145

≤60 31 (32.6%)

>60 64 (67.4%)

Sex −0.073 0.484

Male 65 (68.4%)

Female 30 (31.6%)

Height −0.008 0.937

≤160 27 (28.4%)

>160 68 (71.6%)

Weight −0.065 0.531

≤60 50 (52.6%)

>60 45 (47.4%)

Tumor differentiation 0.039 0.705

High differentiation 2 (2%)

Moderately differentiated 34 (35.8%)

Poorly differentiated 59 (62.1%)

TNM stage 0.171 0.097

I 18(18.9%)

II 13(13.7%)

III 54(56.8%)

IV 10(10.5%)

Table 3 Correlation Between TAP and Tumor Markers in Patients with Gastric Adenocarcinoma

Tumor Marker Number Concentration Correlation Coefficient P Positive (%)

AFP 95 4.7555±8.39932 (ng/mL) 0.047 0.650 6.3

CEA 95 26.5739±113.95053 (ng/mL) 0.086 0.405 24.2

CA72-4 95 16.8147±54.16920 (U/mL) 0.220 0.032 24.2
CA199 95 91.0194±274.64329 (U/mL) 0.205 0.047 15.8

Abbreviations: AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen.
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statistically significant. The analysis found that the differ-
ence in APTT between the normal group and the other two 
groups was statistically significant. (P <0.05) (Table 8).

Discussion
Currently, the mortality rate of gastric cancer is high, and 
most deaths are due to recurrence and metastasis. 

Therefore, early screening diagnosis is particularly impor-
tant for the prognosis of patients. In recent years, an 
increasing number of scholars have been devoted to study-
ing the occurrence, development and prognosis of tumors 
to better improve the prognosis of patients and prolong 
their survival time. Many recent studies have demonstrated 
the sensitivity and specificity of TAP for the early screen-
ing, diagnosis, and prognosis of tumors.8–11 In this study, 
we collected peripheral blood samples from 95 patients 
with gastric adenocarcinoma and 34 nontumor patients and 
evaluated the influence of TAP expression on screening 
diagnosis based on these samples. The positive rate of 
TAP in patients with gastric adenocarcinoma (68.4%) 
was significantly higher than that in nontumor patients 
(23.5%), indicating that TAP is more sensitive to gastric 
cancer; in other words, TAP can be used to monitor gastric 
adenocarcinoma. In addition, TAP also plays a significant 
role in diagnosing lung cancer patients and monitoring 
disease progression.12

Tumor markers are produced by tumor cells and exist 
in cells, tissues or body fluids. They are chemical sub-
stances that can reflect the presence of tumors. Their pre-
sence or quantitative changes can indicate the nature of 

Figure 1 ROC curve of TAP, CEA and CA199 in the diagnosis of gastric adenocarcinoma.

Table 4 Correlation Between TAP and Fasting Blood-Glucose

Tumor 
Marker

Number Concentration Correlation 
Coefficient

P

TAP 95 160.6701±52.86761 (µm2) 0.095 0.362

FBG 95 6.0101±2.24240 (mmol/L)

Abbreviation: FBG, fasting blood-glucose.

Table 5 Correlation Between TAP and Uric Acid

Tumor 

Marker

Number Concentration Correlation 

Coefficient

P

TAP 95 160.6701±52.86761 (µm2) −0.013 0.897

Uric acid 95 299.8036±87.92054 (µmol/L)
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Table 6 Correlation Between TAP and Coagulation Function

Indicators of Coagulation Function Number Concentration Correlation Coefficient P

PT 95 11.8368±0.85304 (s) 0.000 1.000

INR 95 1.1051±0.07847 0.010 0.926

PTA 95 86.3474±9.55473 (%) 0.010 0.925

APTT 95 33.0947±4.06925 (s) −0.244 0.017

TT 95 14.1232±1.30437 (s) 0.087 0.402

Fibrinogen 95 3.6794±0.90946 (g/L) 0.155 0.134

Abbreviations: PT, prothrombin time; INR, international standardized ratio; PTA, prothrombin activity; APTT, activated partial thromboplastin time; TT, thrombin time.

Table 7 Correlation Analysis of TAP and CA199 in the Patients with Their Tumor Stage

Dependent Variable Stage Mean 
Difference

Standard 
Error

Sig. 95% Confidence Interval

Lower Bound Upper Bound

TAP I II −2.98218 19.25258 0.877 −41.2251 35.2607

III −17.58333 14.39625 0.225 −46.1797 11.0130

IV −29.31333 20.86214 0.163 −70.7534 12.1267

II I 2.98218 19.25258 0.877 −35.2607 41.2251

III −14.60115 16.34124 0.374 −47.0610 17.8587

IV −26.33115 22.24889 0.240 −70.5258 17.8635

III I 17.58333 14.39625 0.225 −11.0130 46.1797

II 14.60115 16.34124 0.374 −17.8587 47.0610

IV −11.73000 18.20997 0.521 −47.9019 24.4419

IV I 29.31333 20.86214 0.163 −12.1267 70.7534

II 26.3115 22.24889 0.240 −17.8635 70.5258

III 11.73000 18.20997 0.521 −24.4419 47.9019

CA199 I II 0.27829 90.95534 0.998 −180.3933 180.9499

III −70.26389 68.01245 0.304 −205.3623 64.8345

IV −427.24856 98.55940 0.000 −623.0247 −231.4724

II I −0.27829 90.95534 0.998 −180.9499 180.3933

III −70.54218 77.20121 0.363 −223.8929 82.8085

IV −427.52685 105.11084 0.000 −636.3166 −218.7371

III I 70.26389 68.01245 0.304 −64.8345 205.3623

II 70.54218 77.20121 0.363 −82.8085 223.8929

IV −356.98467 86.02969 0.000 −527.8721 −186.0972

IV I 427.24856 98.55940 0.000 231.4724 623.0247

II 427.52685 105.11084 0.000 218.7371 636.3166

III 356.98476 86.02969 0.000 186.0972 527.8721

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1723

Dovepress                                                                                                                                                           Zhang et al

http://www.dovepress.com
http://www.dovepress.com


tumors to better understand histogenesis and cell differen-
tiation to help tumor diagnosis, prognosis judgment and 
treatment selection. It is well known that the elevation of 
tumor markers (such as AFP, CEA, CA199, and CA72-4) 
in the serum of gastric cancer patients can contribute to the 
diagnosis, staging, prognosis and treatment of gastric can-
cer. In relevant reports, the most specific tumor marker for 
gastric cancer is CA72-4, and the elevation of CA72-4 is 
closely related to tumor stage and distant metastasis.13–19 

The concentrations of serum CA72-4, CA199 and CA50 

returned to normal with radical surgical resection of gas-
tric cancer or decreased through palliative surgical resec-
tion. The change in serum CA199 levels before and after 
surgery has been confirmed to be an independent prognos-
tic factor for gastric cancer patients.20 However, when we 
conducted data statistics, we found that most of the 
patients’ tumor markers were within the normal range 
and not higher than the normal value. The size of tumor 
tissue, blood supply, differentiation of tumor cells, and 
tumor stage all affect the concentration of tumor markers 

Table 8 Correlation Analysis of CA199, CA72-4, APTT in the Patients with TAP Grouping

Dependent Variable Group Mean Difference Standard Error Sig. 95% Confidence Interval

Lower Bound Upper Bound

TAP *1.00 *2.00 −62.59845 4.47090 0.000 −71.4780 −53.7189

*3.00 −152.98814 6.28927 0.000 −165.4792 −140.4971

*2.00 *1.00 62.59845 4.47090 0.000 53.7189 71.4780

*3.00 −90.38969 5.86281 0.000 −102.0337 −78.7456

*3.00 *1.00 152.98814 6.28927 0.000 140.4971 165.4792

*2.00 90.38969 5.86281 0.000 78.7456 102.0337

CA199 *1.00 *2.00 −2.41337 61.81860 0.969 −125.1904 120.3637

*3.00 −195.51295 86.96090 0.027 −368.2248 −22.8011

*2.00 *1.00 2.41337 61.81860 0.969 −120.3637 125.1904

*3.00 −193.09958 81.06435 0.019 −354.1004 −32.0988

*3.00 *1.00 195.51295 86.96090 0.027 22.8011 368.2248

*2.00 193.09958 81.06435 0.019 32.0988 354.1004

CA72-4 *1.00 *2.00 −13.32924 12.11373 0.274 −37.3881 10.7297

*3.00 −46.64076 17.04052 0.007 −80.4847 −12.7968

*2.00 *1.00 13.32924 12.11373 0.274 −10.7297 37.3881

*3.00 −33.31153 15.88505 0.039 −64.8606 −1.7624

*3.00 *1.00 46.64076 17.04052 0.007 12.7968 80.4847

*2.00 33.31153 15.88505 0.039 1.7624 64.8606

APTT *1.00 *2.00 1.95804 0.91733 0.035 0.1361 3.7799

*3.00 2.58381 1.29041 0.048 0.0209 5.1467

*2.00 *1.00 −1.95804 0.91733 0.035 −3.7799 −0.1361

*3.00 0.62577 1.20292 0.604 −1.7633 3.0149

*3.00 *1.00 −2.58381 1.29041 0.048 −5.1467 −0.0209

*2.00 −0.62577 1.20292 0.604 −3.0149 1.7633

Notes: *1.00: normal group; 2.00: weakly positive group; 3.00: positive group. 
Abbreviation: APTT, activated partial thromboplastin time.
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to varying degrees. Therefore, we believe that tumor mar-
kers (such as AFP, CEA, CA199, CA72-4) are not very 
specific for the diagnosis of gastric cancer, so we need 
some new indicators to help us discover and diagnose 
gastric cancer.

Venous thromboembolism (VTE) is an important com-
plication in patients with malignant tumors and one of the 
main causes of death.21,22 Venous thromboembolism 
includes deep venous thrombosis (DVT) and pulmonary 
embolism (PE).23,24 One large report of a large-scale epi-
demiological study showed that approximately 20% of 
new cases of VTE were related to potential tumors.25 

Compared with patients without cancer, cancer patients 
have an increased risk of VTE,26,27 and those with metas-
tases have a 4–13 times higher risk.28,29 The formation of 
VTE seriously affects the survival and mortality of cancer 
patients.30 The thrombotic process is a multifactorial con-
tinuous complication associated with the clotting, fibrino-
lysis, and endothelial systems.31,32 Coagulation function 
and pathological stage are closely related to the prognosis 
of tumors. Hypercoagulability may lead to thrombosis, and 
once thrombosis occurs, the prognosis of patients will be 
very poor. If the tumor stage is stage IV, which means 
distant metastasis, then the survival time of patients will be 
greatly affected. In this study, we can see that TAP does 
not show an obvious correlation with tumor stage; how-
ever, in terms of blood coagulation function, we can see 
that TAP is negatively correlated with APTT, indicating 
that when TAP is increased, the body’s blood coagulation 
function will also be hyperactive. The results of this study 
indicated that TAP, CA199 and CA72-4 could be indepen-
dent influencing factors for the early screening and diag-
nosis of gastric adenocarcinoma and that CA199 and 
APTT could be independent influencing factors for the 
prognosis of gastric adenocarcinoma. TAP is significantly 
correlated with APTT, and TAP may be a good indicator 
for monitoring prognosis, which remains to be further 
explored.

Conclusion
TAP detection represents a promising diagnostic and prog-
nostic tool for gastric cancer.
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