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Abstract. Recently, the incidence rate of digestive system 
tumors has increased in China and these tumors occur in 
a younger population. The present study aimed to deter‑
mine the expression levels and potential clinical value of 
secreted phosphoprotein 1 (SPP1) in gastrointestinal cancer. 
The microarray datasets GSE104836, GSE189830 and 
GSE103236, obtained from the gene expression omnibus 
database, were analyzed to determine differentially 
expressed genes in patients with colorectal cancer (CRC), 
gastric cancer (GC) and esophageal cancer (EC). A total of 
42 patients with CRC, GC or EC and 21 healthy controls 
were recruited to obtain blood and tissues samples. SPP1 
expression levels were detected using reverse transcrip‑
tion‑quantitative PCR. Moreover, levels of significance 
of SPP1 in patients with CRC, GC and EC were analyzed 
using receiver operating characteristic analysis. Potential 
correlations between SPP1 and carcinoembryonic antigen 
(CEA) were assessed using Pearson's correlation coefficient. 
SPP1 was significantly upregulated in the serum, plasma and 
tissue of patients with CRC, GC or EC. In addition, the area 
under the curve of SPP1 was >0.5 in the plasma, serum and 
cancer tissue of patients with early and late CRC, GC or EC. 
The present study further demonstrated that the specificity 
and sensitivity of SPP1 was higher in patients with late 
CRC, GC or EC compared with patients with early CRC, 
GC or EC. Moreover, SPP1 and CEA were significantly 
positively correlated in serum of patients with CRC, GC or 
EC. In conclusion, the current study demonstrated that SPP1 
exhibited significant diagnostic value for gastrointestinal 
tumors, which suggested that SPP1 may exhibit potential as 
a diagnostic marker of CRC, GC and EC. The present study 
provided a novel theoretical basis for the role of SPP1 as a 
diagnostic marker of digestive system tumors.

Introduction

In recent years, the incidence rate of digestive system tumors 
has increased in China, which accounts for 38.71% of the total 
new cases of tumors. In addition, around the world, digestive 
system tumors account for 23.48% of new cases of tumors. 
These tumors have recently occurred in a younger popula‑
tion (aged <49 years) (1,2). The global cancer statistics report, 
containing cancer estimates from GLOBOCAN 2020 and 
population estimates from the United Nations, demonstrated that 
the incidence rate of cancer in China is lower than that in other 
countries; however, the fatality rate is higher (3). Of note, 45.03% 
of cancer‑associated deaths are due to gastrointestinal tumors 
and the prognosis is relatively poor in China, which is higher 
than the global mortality rate (30.91%) (4). This may be due to 
lack of early diagnosis and inconsistent clinical treatment strate‑
gies in different regions of China. Its treatment strategies mainly 
include surgery, radiation therapy, chemotherapy and endoscopic 
treatment (5). Digestive system tumors exhibit no notable adverse 
symptoms in the early stages, making early diagnosis difficult. 
Thus, the majority of these tumors are diagnosed at intermediate 
or late stages, at which point symptoms, such as sudden weight 
loss, alternating occurrence of constipation and diarrhea and 
haematemesis, are aggravated with increased risk of metastasis 
and recurrence (6). Therefore, earlier diagnosis of digestive 
system tumors is required. Compared with gastroscopy, enter‑
oscopy, barium meal imaging and other examination techniques, 
detection of serum tumor markers (alpha‑fetoprotein, carcino‑
embryonic antigen, etc.) using a serum biochemical analyzer 
exhibits numerous advantages. Detection of serum tumor 
markers is simple, fast, non‑invasive and accurate (1). Serum 
tumor markers may be used to assess occurrence, progression 
and treatment of tumors and they may exhibit different levels of 
specificity in different tumors. Serum tumor markers may detect 
and differentiate between different types of gastrointestinal 
cancer and improve the positive detection rate of tumors (7‑9). 
Therefore, further investigation into effective early diagnostic 
markers is required for the treatment of digestive system tumors.

Secreted phosphoprotein 1 (SPP1), also known as osteo‑
pontin, is an integrin‑binding protein secreted by various 
types of cell, such as macrophages, endothelial cells and 
osteoclasts (10). In humans, SPP1 consists of six introns and 
seven exons, and it is encoded on chromosome 4q13 (11). SPP1 
involves multiple physiological and pathological processes, 
such as tumor growth, adhesion and invasion  (12‑15). Of 
note, SPP1 expression is increased in lung (12), colon (13), 
breast  (14), prostate  (15) and pancreatic cancer  (16) and 
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hepatocellular carcinoma (17). The expression levels of SPP1 
are associated with the stage and degree of malignancy of 
tumors, highlighting that SPP1 may serve as a biomarker for 
the diagnosis and prognosis of numerous cancers. However, 
the potential of SPP1 as a marker of digestive system tumors is 
yet to be fully elucidated.

Thus, the present study aimed to further explore the expres‑
sion and potential clinical values of SPP1 in the plasma, serum 
and tissues of patients with colorectal cancer (CRC), gastric 
cancer (GC) and esophageal cancer (EC). 

Patients and methods

Bioinformatics analysis. The microar ray datasets 
GSE104836 (18), GSE189830 (19) and GSE103236 (20) were 
downloaded from the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/geo/). The online tool GEO2R 
(version 2.40.0; https://www.ncbi.nlm.nih.gov/geo/geo2r/) was 
used to analyze differentially expressed genes (DEGs) in patients 
with CRC, GC or EC based on an adjusted P‑value<0.01 and 
|log2 fold change|>2. DEGs were displayed as a heatmap and 
volcano map using R software (version 3.6.1; MathSoft). Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway enrich‑
ment analysis was performed using KOBAS (version 3.0; kobas.
cbi.pku.edu.cn/). The Gene Expression Profiling Interactive 
Analysis (GEPIA) online database (http://gepia.cancer‑pku.
cn/) was used to analyzed the expressions of SPP1 in colon, 
rectum and stomach adenocarcinoma and EC patients. STRING 
online database (https://string‑db.org/) was used to analyze the 
protein‑protein‑interaction (PPI) networks of upregulated genes 
in CRC, GC and EC.

Clinical resources. A total of 42 patients with pathologically 
confirmed CRC, GC or EC who were admitted to Hubei No. 3 
People's Hospital of Jianghan University (Wuhan, China) 
were recruited between January 2022 and January 2023. CRC 
and GC were confirmed to be adenocarcinoma and EC was 
confirmed to be squamous cell carcinoma. The clinicopatho‑
logical characteristics of the patients are presented in Table I. 
A total of 21 healthy volunteers were included as the control 
group from January 2022 to January 2023 for CRC, GC or EC, 
respectively. Tumor tissue was collected from patients in the 
tumor groups and serum and plasma samples were collected 
from both the control and tumor groups. Supernatant was 
collected following low‑speed centrifugation (1,370 x g, 5 min) 
at 4˚C and all samples were stored at ‑80˚C for future use. The 
present study was approved by the Ethics Committee of Hubei 
No. 3 People's Hospital of Jianghan University (Wuhan, China; 
approval no. 013). Written informed consent was obtained 
from all participants prior to inclusion in the study.

Inclusion criteria were as follows: i) Malignant tumor 
located in the digestive tract of patients in the tumor group 
confirmed via pathological examination; ii) no digestive tract 
disease diagnosed in patients in the control group and iii) all 
patients volunteered to participate.

Exclusion criteria were as follows: i) Patients with 
tumors located in other parts of the body or gastrointestinal 
cancer patients with metastasis to other parts of the body; 
ii) patients with serious acute or chronic infections or autoim‑
mune disease; iii) patients who use antibiotics, proton pump 

inhibitors, anticoagulants or other drugs that may affect the 
examination results and iv) patients who received radiotherapy 
and chemotherapy in the past 6 months.

Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR 
was used to determine mRNA expression levels of SPP1 and 
carcinoembryonic antigen (CEA). Total RNA was isolated 
from tissues and serum of control subjects and cancer patients 
using TRIzol® reagent (Beyotime Institute of Biotechnology) 
and cDNA was synthesized using a RT kit (Takara Bio, Inc.). 
Reaction conditions were as follows: 37˚C for 15 min, 85˚C 
for 5 sec. qPCR was performed using a Power SYBR™ Green 
RNA‑to‑CT™ 1‑Step kit (Takara Bio, Inc.). Reaction conditions 
were as follows: 94˚C for 30 sec, 45 cycles of (95˚C for 5 sec, 
60˚C for 30 sec, 72˚C for 30 sec). Expression levels were normal‑
ized to GAPDH and calculated using the 2‑ΔΔCq method (21). 
The primer sequences (5'‑3') were as follows: SPP1 forward, 
CTC​CAT​TGA​CTC​GAA​CGA​CTC and reverse, CAG​GTC​
TGC​GAA​ACT​TCT​TAG​AT; CEA forward, ATT​CAA​GCA​
AAT​ATC​CCA​GGG​G and reverse, GGC​ATT​TAT​GGT​TCG​
TAG​GGT​G; GAPDH forward TGT​GGG​CAT​CAA​TGG​ATT​
TGG and reverse, ACA​CCA​TGT​ATT​CCG​GGT​CAA​T.

Statistical analysis. Results were analyzed using SPSS software 
(version 22.0; IBM Corp.) and GraphPad Prism (version 5.01; 
Dotmatics). Data are presented as the mean ± standard devia‑
tion. All experiments were independently repeated three times. 
Differences between two groups were analyzed using an 
unpaired Student's t‑test. Differences between >2 groups were 
assessed by one‑way ANOVA followed by Tukey's post‑hoc 
test. Clinicopathological characteristics were compared by 
χ2 test. Moreover, correlation was determined using Pearson's 
correlation coefficient. Receiver operating curve (ROC) was 
used to analyze clinical significance of SPP1 with area under 
the curve (AUC) as the evaluation index. Z‑score in R software: 
(expressions levels‑average value)/standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

DEGs determined in CRC, GC and EC. Using GSE104836, 
GSE189830 and GSE103236 datasets, a total of 24 DEGs 
were determined in patients with CRC, GC or EC. DEGs in 
CRC, GC and EC were displayed as a heat map (Fig. 1A) and 
volcano plot (Fig. 1B). Upregulated genes in CRC (n=346), GC 
(n=1209) and EC (n=62) were selected through the GSE104836, 
GSE189830 and GSE103236 datasets and displayed using 
a Venn diagram. A total of 24 genes were highly expressed 
in CRC, GC and EC (Fig.  2A). KEGG pathway enrich‑
ment analysis demonstrated that 24 genes were enriched in 
‘ECM‑receptor interaction’, ‘rheumatoid arthritis’, ‘protein 
digestion and absorption’, ‘focal adhesion’, ‘cytokine‑cytokine 
receptor interaction’, ‘human papillomavirus infection’ and 
‘PI3K‑Akt signaling pathway’ (Fig. 2B). The Protein‑protein 
interaction of 24 DEGs is displayed in Fig. 2C. SPP1 was 
enriched in ‘ECM‑receptor interaction’, ‘focal adhesion’, 
‘cytokine‑cytokine receptor interaction’ and the ‘PI3K‑Akt 
signaling pathway’. All these pathways were closely related to 
the cancer development. Hence, SPP1 was selected for use in 
subsequent experiments.
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Figure 1. DEGs in CRC, GC and EC. DEGs in CRC, GC and EC were determined using GSE104836, GSE189830 and GSE103236 datasets. (A) DEGs were 
displayed as heat map. (B) DEGs were displayed as volcano map. DEG, differentially expressed gene; CRC, colorectal cancer; GC, gastric cancer; EC, esopha‑
geal cancer; CPM, counts‑per‑million.

Table I. Clinicopathological characteristics of healthy volunteers (n=21) and patients with CRC (n=42), GC (n=42) or EC (n=42).

	 CRC	 GC	 EC
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	H ealthy	 Cancer	H ealthy	 Cancer	H ealthy	 Cancer

Age, years						    
 <65	 8 (38.1)	 11 (26.2)	 10 (47.6)	 14 (33.3)	 9 (42.9)	 15 (35.7)
 ≥65	 13 (61.9)	 31 (73.8)	 11 (52.4)	 28 (66.7)	 12 (57.1)	 27 (64.3)
Sex						    
  Male	 12 (57.1)	 26 (61.9)	 14 (66.7)	 29 (69.0)	 15 (71.4)	 25 (59.5)
  Female	 9 (42.9)	 16 (38.1)	 7 (33.3)	 13 (31.0)	 6 (28.6)	 17 (40.5)
Smoking status						    
  Never	 16 (76.2)	 32 (76.2)	 13 (61.9)	 21 (50.0)	 14 (66.7)	 25 (59.5)
  Ever	 3 (14.3)	 3 (7.1)	 5 (23.8)	 7 (16.7)	 4 (19.0)	 11 (26.2)
  Current 	 2 (9.5)	 7 (16.7)	 3 (14.3)	 14 (33.3)	 3 (14.3)	 6 (14.3)
Alcohol drinking status						    
  Never	 16 (76.2)	 36 (85.7)	 15 (71.4)	 13 (30.9)	 11 (52.4)	 21 (50.0)
  Ever	 3 (14.3)	 2 (4.8)	 3 (14.3)	 18 (42.9)	 3 (14.3)	 6 (14.3)
  Current 	 2 (9.5)	 4 (9.5)	 3 (14.3)	 11 (26.2)	 7 (33.3)	 15 (35.7)
Tumor differentiation						    
  Well	 ‑	 3 (7.1)	 ‑	 5 (11.9)	 ‑	 8 (19.0)
  Moderate	 ‑	 28 (66.7)	 ‑	 24 (57.1)	 ‑	 22 (52.4)
  Poor	 ‑	 11 (26.2)	 ‑	 13 (31.0)	 ‑	 12 (28.6)
AJCC stage						    
    I	 ‑	 13 (31.0)	 ‑	 16 (38.1)	 ‑	 12 (28.6)
   II	 ‑	 15 (35.7)	 ‑	 11 (26.2)	 ‑	 18 (42.9)
  III	 ‑	 9 (21.4)	 ‑	 9 (21.4)	 ‑	 7 (16.6)
  IV	 ‑	 5 (11.9)	 ‑	 6 (14.3)	 ‑	 5 (11.9)

Values are presented as n (%). CRC, colorectal cancer; GC, gastric cancer; EC, esophageal cancer; ‑, not applicable; Ever, former smokers or 
drinker; AJCC, American Joint Committee on Cancer.

https://www.spandidos-publications.com/10.3892/ol.2023.13997
https://www.spandidos-publications.com/10.3892/ol.2023.13997
https://www.spandidos-publications.com/10.3892/ol.2023.13997
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SPP1 is upregulated in patients with CRC, GC or EC. 
Subsequently, patients and healthy controls were recruited for 
the next experiments. The clinicopathological characteristics, 
including age, sex, smoking status, alcohol consumption status, 
tumor differentiation and American Joint Committee on 
Cancer stage (22) were recorded. In the CRC group, 31 patients 
were aged >65 years (mean age, 68.00 years); in the GC group, 
28 patients were aged >65 years (mean age, 66.40 years); and in 
the EC group, 27 were aged >65 years (mean age, 65.57 years). 
In addition, there were 26 males and 16 females in the CRC 
group, 29 males and 13 females in the GC group, and 25 males 
and 17 females in the EC group. Generally speaking, patients 
with gastrointestinal cancer were older and had a higher 
proportion of males. In addition, there was no significant differ‑
ence in sex and age between the healthy group and the cancer 
group (Table I). Using the GEPIA online database, the present 
study demonstrated that SPP1 was significantly upregulated in 
colon, rectum and stomach adenocarcinoma and EC (Fig. 3A). 
In addition, SPP1 expression levels were determined in patients 
with CRC, GC and EC. SPP1 was significantly upregulated in 
the plasma (Fig. 3B), serum (Fig. 3C) and tissue (Fig. 3D) of 
patients with CRC, GC and EC at stages I, II, III and IV.

SPP1 expression levels in plasma of patients with CRC, GC 
and EC exhibit diagnostic value. ROC analysis was performed 
to explore the role of SPP1 in patients with CRC, GC and 
EC. The AUC of plasma SPP1 was 0.7766 (95% confidence 
interval, 0.6174‑0.9351) in early and 0.9429 (95% confidence 
interval, 0.8511‑1.0000; Fig. 4A) in late CRC. AUC of plasma 
SPP1 in patients with early GC was 0.6994 (95% confidence 
interval, 0.5319‑0.8669) and 0.8730 (95% confidence interval, 
0.6919‑1.000; Fig. 4B) in patients with late GC. AUC of plasma 
SPP1 in patients with early EC was 0.7361 (95% confidence 
interval, 0.5627‑0.9095) and 0.8952 (95% confidence interval, 
0.7622‑1.000; Fig. 4C) in patients with late EC. These results 
revealed that SPP1 exhibited notable diagnostic significance 
for CRC, GC and EC.

SPP1 expression levels in serum of patients with CRC, GC 
and EC exhibit diagnostic value. AUC of serum SPP1 
in patients with early CRC was 0.8278 (95%  confidence 
interval, 0.6881‑0.9675) and 0.9524 (95% confidence interval, 
0.8672‑1.000; Fig. 5A) in patients with late CRC. AUC of serum 
SPP1 in patients with early GC was 0.8720 (95% confidence 
interval, 0.7563‑0.9877) and 0.9683 (95% confidence interval, 

Figure 2. Analysis of upregulated DEGs in CRC, GC and EC. (A) Upregulated genes in CRC, GC and EC were displayed in a Venn diagram. (B) KEGG 
pathway enrichment analysis of 24 upregulated genes. (C) PPI diagram of 24 upregulated genes. DEG, differentially expressed gene; CRC, colorectal cancer; 
GC, gastric cancer; EC, esophageal cancer; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein‑protein interaction; ECM, extracellular matrix.
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0.9076‑1.000; Fig. 5B) in patients with late GC. AUC of serum 
SPP1 in patients with early EC was 0.8175 (95% confidence 
interval, 0.6663‑0.9686) and 0.9714 (95% confidence interval, 
0.9135‑1.0000; Fig. 5C) in patients with late EC.

SPP1 expression levels in cancer tissue of patients with 
CRC, GC and EC exhibit diagnostic value. AUC of tissue 
SPP1 was 0.8205 in patients with early CRC (95% confidence 
interval, 0.6525‑0.9886) and 0.9524 (95% confidence interval, 

Figure 3. SPP1 is upregulated in patients with CRC, GC and EC. (A) SPP1 expression levels in COAD, READ, STAD and ESCA from Gene Expression 
Profiling Interactive Analysis online database. Red colour represents the tumor group; blue colour represents the normal group. SPP1 expression levels 
in (B) plasma, (C) serum and (D) tissue of patients with CRC, GC and EC were detected using reverse transcription‑quantitative PCR. *P<0.05. T, tumor; 
N, normal; SPP1, secreted phosphoprotein 1; CRC, colorectal cancer; GC, gastric cancer; EC, esophageal cancer; COAD, colon adenocarcinoma; READ, 
rectum adenocarcinoma; STAD, stomach adenocarcinoma; ESCA, esophageal carcinoma; TPM, transcripts per kilobase million.

https://www.spandidos-publications.com/10.3892/ol.2023.13997
https://www.spandidos-publications.com/10.3892/ol.2023.13997
https://www.spandidos-publications.com/10.3892/ol.2023.13997
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0.8731‑1.000; Fig. 6A) in patients with late CRC. AUC of tissue 
SPP1 in patients with early GC was 0.7530 (95% confidence 
interval, 0.5985‑0.9075) and 0.9444 (95% confidence interval, 
0.8601‑1.000; Fig. 6B) in patients with late GC. AUC of tissue 
SPP1 in patients with early EC was 0.8393 (95% confidence 
interval, 0.7026‑0.9759) and 0.9333 (95% confidence interval, 
0.8287‑1.000; Fig. 6C) in patients with late EC.

SPP1 and CEA are positively correlated in patients with 
CRC, GC and EC. Pearson's correlation coefficient revealed 

that SPP1 and CEA were positively correlated in the serum 
of patients with CRC (r=0.7201; Fig. 7A), GC (r=0.5065; 
Fig. 7B) and EC (r=0.6119; Fig. 7C). These results indicated 
that SPP1 may be a potential diagnostic marker for CRC, 
GC and EC.

Discussion

Malignant tumors pose a serious threat to human health and 
tumors with no specific symptoms in early or intermediate 

Figure 4. Role of SPP1 in plasma of patients with CRC, GC and EC. ROC analysis was performed to analyze the role of plasma SPP1 levels in patients 
with early and late (A) CRC, (B) GC and (C) EC. SPP1, secreted phosphoprotein 1; CRC, colorectal cancer; GC, gastric cancer; EC, esophageal cancer; 
ROC, receiver operating characteristic; AUC, area under the ROC curve.
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stages of disease may metastasize, leading to missed diag‑
nosis (23,24). Patients with digestive tract malignant tumors 
may also exhibit dysphagia, abdominal pain, gastrointestinal 
discomfort and other symptoms, and the clinical manifesta‑
tions differ between different types of digestive tract malignant 
tumor. Therefore, early diagnosis of digestive tract malignant 
tumors and early symptomatic treatment may improve prog‑
nosis and 5‑year survival rate  (25,26). The present study 
demonstrated that SPP1 expression was upregulated in patients 
with CRC, GC and EC. ROC analysis revealed that SPP1 
exhibited notable diagnostic significance for CRC, GC and 

EC, which highlighted the potential of SPP1 as a molecular 
biomarker.

To the best of our knowledge, research into the specific 
mechanisms and roles of SPP1 in cancer development and 
metastasis is lacking. Thus, the present study aimed to analyze 
the prognostic and diagnostic value and expression levels of 
SPP1 in CRC, GC and EC. To the best of our knowledge, the 
specific role of SPP1 as a tumor promoter or suppressor is yet 
to be fully elucidated and this cannot be determined using only 
expression levels. However, extensive carcinogenic databases 
may provide understanding of the molecular mechanisms 

Figure 5. Role of SPP1 in serum of patients with CRC, GC and EC. ROC analysis was performed to analyze the role of serum SPP1 levels in patients with early 
and late (A) CRC, (B) GC and (C) EC. SPP1, secreted phosphoprotein 1; CRC, colorectal cancer; GC, gastric cancer; EC, esophageal cancer; ROC, receiver 
operating characteristic; AUC, area under the ROC curve.

https://www.spandidos-publications.com/10.3892/ol.2023.13997
https://www.spandidos-publications.com/10.3892/ol.2023.13997
https://www.spandidos-publications.com/10.3892/ol.2023.13997
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Figure 7. SPP1 and CEA are positively correlated in patients with CRC, GC and EC. The correlation between SPP1 and CEA expression in the serum of patients 
with (A) CRC, (B) GC and (C) EC was analyzed using Pearson's correlation coefficient. SPP1, secreted phosphoprotein 1; CRC, colorectal cancer; GC, gastric 
cancer; EC, esophageal cancer; CEA, carcinoembryonic antigen.

Figure 6. Role of SPP1 in tissue of patients with CRC, GC and EC. ROC analysis was performed to analyze the role of tissue SPP1 levels in patients with early 
and late (A) CRC, (B) GC and (C) EC. SPP1, secreted phosphoprotein 1; CRC, colorectal cancer; GC, gastric cancer; EC, esophageal cancer; ROC, receiver 
operating characteristic; AUC, area under the ROC curve.
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underlying SPP1. Results of previous studies demonstrated 
that SPP1 is upregulated in breast, prostate, colon, head and 
neck, liver, lung and esophageal cancer (12,27‑30). Notably, 
high SPP1 expression levels are associated with poor prognosis 
of the aforementioned cancers. Previous studies demon‑
strated that SPP1 may enhance survival, angiogenesis and 
inflammatory response of cancer cells and promote epithe‑
lial‑to‑mesenchymal transition (31‑33). The aforementioned 
studies indicated that SPP1 may promote tumor progression. 
Therefore, further investigations into the role of SPP1 in diges‑
tive tract malignant tumors are required.

KEGG pathway enrichment analysis indicated that 
SPP1 was enriched in ‘tumor development‑related pathway’. 
Subsequently, through detecting SPP1 expression levels in 
cancer tissue, serum and plasma of patients with CRC, GC 
and EC, the present study revealed that SPP1 was significantly 
upregulated in different stages of disease. In stages III and IV, 
the upregulation of SPP1 was more significant than in 
stages I and II. In addition, ROC analysis demonstrated that 
SPP1 expression levels in cancer tissue, serum and plasma 
were of diagnostic value for early and advanced CRC, GC and 
EC, which was indicated by a high AUC for SPP1 in cancer 
tissue, serum and plasma. However, the present study had 
certain limitations. For instance, only the expression levels of 
SPP1 were detected in patients with CRC, GC and EC, and 
the sample size was small. Further in vitro and in vivo experi‑
ments are required to determine the specific mechanisms of 
SPP1 in digestive tract malignant tumors.

In conclusion, the present study demonstrated that SPP1 
expression was upregulated in CRC, GC and EC. Thus, SPP1 
may exhibit potential as a novel serological marker for the 
auxiliary diagnosis of digestive tract malignant tumors. SPP1 
expression may also exhibit potential in early diagnosis of 
digestive tract malignant tumors and provide a reference for 
tumor staging and treatment strategies.
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