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COL3A1, CXCL8, VCAN, THBS2, and COL1A2 are 
correlated with the onset of biliary atresia
Hui Li, MMa, Lei Cao, PhDb, Hong Li, BDa,* 

Abstract 
Background: Biliary atresia (BA) is a devastating progressive fibro inflammatory disorder in infants. The exact etiology of BA is 
still unclear. This study aimed screen key genes potentially associated with the occurrence of BA.

Methods: All BA data was obtained from GSE46960 dataset. The limma package in R language was used for differentially 
expressed gene (DEG) analyses. gene ontology and Kyoto encyclopedia of genes and genomes enrichment analysis were 
performed on the screened DEGs, using “clusterProfiler” package. protein-protein interaction network was built based on STRING 
Cytoscape software (Bethesda, Rockville, MD). The logistic regression model was constructed based on the selected DEGs.

Results: There were totally 78 DEGs in BA samples compared with normal samples, which were significantly enriched in 200 
biological process terms, 37 molecular function terms, 17 cellular component terms, and 18 Kyoto encyclopedia of genes and 
genomes pathways. Among which, the top 10 genes with the highest importance in protein-protein interaction network were 
selected. Subsequently, on the basis of the stepwise regression method and 5-fold cross-validation, the logistic regression model 
constructed based on COL3A1, CXCL8, VCAN, THBS2, and COL1A2 was finally evidenced to predict the BA sample relatively 
reliably.

Conclusions: In conclusion, COL3A1, CXCL8, VCAN, THBS2, and COL1A2 are potentially crucial genes in BA. The logistic 
regression model constructed based on them could predict the BA sample relatively reliably.

Abbreviations: BA = biliary atresia, DEG = differentially expressed gene, GO = gene ontology, KEGG = Kyoto encyclopedia of 
genes and genomes, PPI = protein-protein interaction, WB = Western blot.
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1. Introduction
Biliary atresia (BA) is a devastating progressive fibroinflam-
matory disorder in infants, which is usually involved in the 
extrahepatic and intrahepatic biliary tree and finally results 
in cholestasis, fibrosis, and cirrhosis.[1,2] Commonly, the main 
clinical manifestations of BA are prolonged jaundice over 14 
days of age, dark urine, and pale-pigmented stools.[3] To date, 
the exact etiology of BA is still unclear. Kasai portoenteros-
tomy and liver transplantation are typical treatments for most 
BA infants.[4] Unfortunately, along with the increase of surgery 
age, the success rate of Kasai portoenterostomy decreased sig-
nificantly.[5] Once BA is untreated timely, the patient would 
invariably suffer from end-stage liver disease, even death.[6] 
Clearly, early detection is important for BA. However, on the 1 
hand, the phenotypic heterogeneity of different BA patients, for 
instance, biliary tract obstruction along with cystic components, 

and extrahepatic biliary tracts completely atretic,[7] on the other 
hand, overlapping clinical symptoms of cholestasis due to other 
causes (not BA),[8] both of which bring great challenges for the 
early diagnosis of BA in clinical cases. Consequently, looking 
for reliable diagnostic biomarkers is necessary to improve the 
prognosis of BA patients.

Despite the exact etiology of BA is unknown, increasing studies 
have evidenced that complex factors including genetic alterations 
drive the onset of BA.[9,10] Several studies have made attempts in 
this regard with the hope of applying it to the early diagnosis of 
BA. A recent study has suggested that hepatic IL8 and LAMC2 
expression had a relatively high diagnostic sensitivity and spec-
ificity for BA, and they might be potential biomarkers of BA.[11] 
GPC1 was reported to be a potential BA susceptibility gene.[1] 
Besides, several researchers have reported that the potential roles 
of various genes in the occurrence of BA, such as JAG1,[12,13] 
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SERPINA1,[14] PKHD1,[15] and so on. However, there are still few 
biomarkers that can be applied in the clinical diagnosis of BA. 
Accordingly, it is still urgent and important to explore biomark-
ers potentially involved in the pathogenesis of BA.

Herein, via a series of bioinformatic analyses of the BA data 
downloaded from gene expression omnibus database and fur-
ther validation experiments, we expected to screen key genes 
potentially associated with BA occurrence, to provide new diag-
nostic ideas and methods for BA in the near future.

2. Materials and Methods

2.1. Data sources

Our study was mainly based on the gene chip data in gene 
expression omnibus database (https://www.ncbi.nlm.nih.gov/
geo/), and the BA sample data was obtained from GSE46960 
dataset. There were totally 95 samples in GSE46960 dataset, 
which included 64 liver tissue samples from patients with BA, 
21 normal liver tissue samples (no BA), and 10 internal quality 
control samples. The mRNA expression level of all samples in 
GSE46960 dataset was detected on Affymetrix Human Gene 
1.0 ST Array chip platform.

2.2. Clinical sample collection

All BA samples were collected in Tianjin First Central Hospital. 
Totally 15 BA tissue specimens and 15 healthy controls were 
collected. All experiments were approved by the ethics com-
mittee of Tianjin First Central Hospital [Review number: 
2021N158KY], in accordance with The Helsinki Declaration. 

The informed consents were obtained from all participants. The 
patients detailed clinical information were summarized in Table 
S1, Supplemental Digital Content, http://links.lww.com/MD/
I674.

2.3. Differential expression analyses

Firstly, all raw data were normalized according to the robust 
multi-array average method, which was then standardized by 
taking the log2 logarithm value. The differential expression 
analyses were performed on the data in GSE46960 dataset 
after standardization. The limma function package[16] in R lan-
guage (version 3.5.2, the same below) was used for differen-
tially expressed gene (DEG) analyses. Finally, the DEGs with 
|Log2FC| >1 and FDR ≤ 0.05 were screened.

2.4. Functional enrichment analyses

Subsequently, gene ontology (GO) enrichment analysis (includ-
ing biological process, molecular function, and cellular compo-
nent) and Kyoto encyclopedia of genes and genomes (KEGG) 
enrichment analysis were performed on the screened DEGs, 
using “clusterProfiler” function package[17] in R language. The 
GO and KEGG terms with P value. adjust < .05 were considered 
as significantly enriched terms.

2.5. Protein-protein interaction (PPI) analyses

The STRING database is usually used for protein functional 
connections and PPI prediction. Thus, protein functional con-
nections and PPI in our study were analyzed using STRING 

Table 1

Primer sequences for RT-PCR.

Genes Forward primer (5’−3’) Reverse primer (5’-3’) Product length (BP) 

COL3A1 GCCAAATATGTGTCTGTGACTCA GGGCGAGTAGGAGCAGTTG 145
CXCL8 ACTGAGAGTGATTGAGAGTGGAC AACCCTCTGCACCCAGTTTTC 112
THBS2 GACACGCTGGATCTCACCTAC GAAGCTGTCTATGAGGTCGCA 156
GAPDH CATGTTCGTCATGGGTGTGAACCA ATGGCATGGACTGTGGTCATGAGT 156

BP = biological process.

Figure 1. (A) Volcano map of differentially expressed genes (DEG) in GSE46960. X-axis: Log2FC; Y-axis: -log10 (FDR). Blue: downregulated genes; red: upreg-
ulated genes; green: nonsignificant. (B) Heat map of DEGs in GSE46960. X-axis: sample; Y-axis: different genes. Red: high expression; Blue: low expression.

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://links.lww.com/MD/I674
http://links.lww.com/MD/I674
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(version 11.0) (https://string-db.org/).[18] The PPI network was 
then visualized using Cytoscape software (version 3.7.2).[19] 
Moreover, based on maximum neighborhood component algo-
rithm, the core genes in PPI network were further screened using 
the cyto Hubba plug-in in Cytoscape software.

2.6. Logistic regression model construction

Logistic regression is a common method in classification, which 
is predicting a classification result based on a set of variables. 
In the present study, based on logistic regression, the mRNA 
expression was used to predict the sample type (BA or normal).

All samples were divided into 2 categories, BA samples and 
normal samples. Then mRNA expression as a continuous pre-
dictive variable was included in glm function in R language 
to construct the multivariable logistic regression model, and 
the sample type (BA or normal) was taken as the classifica-
tion response value. Subsequently, the variables were further 
screened according to the stepwise regression method and the 
screened variables were used to reconstruct the model. Based 
on the P value of each variable calculated by the model, the 
variables with P < .05 were taken as candidate mRNA to recon-
struct the final model. According to 5-fold Cross-Validation 
method, the sample data in the GSE46960 dataset was divided 
into 2 parts, training set and validation set, to construct and 
validate the logistic model.

Figure 2. Functional enrichment analysis results. (A) The top 20 significantly 
enriched GO terms (X-axis: gene number; Y-axis: the title of GO terms) and 
genes contained in the top 10 GO terms (Right semicircle: 10 GO terms; left 
semicircle: genes enriched in these 10 GO terms). (B) The 18 significantly 
enriched KEGG pathways. X-axis: gene number; Y-axis: the title of KEGG 
pathways. GO = gene ontology, KEGG = Kyoto encyclopedia of genes and 
genomes.

Figure 3. PPI network construction results. (A) PPI network diagram. Each 
dot in network represented a node. The more line segments connected to 
the node represented, the greater degree of this node, which suggested that 
the gene on this node was more important in PPI network. (B) The top 10 
genes with the highest degree in the PPI network were screened via the MNC 
algorithm. The darker the red color, the higher the degree of gene. MNC = 
maximum neighborhood component, PPI = protein-protein interaction.

https://string-db.org/
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2.7. Quantitative real-time polymerase chain reaction and 
western blot (WB) assays

Total RNA extraction was conducted using RNA prep pure 
Tissue Kit (DP431, TIANGEN Biotech, Beijing, China). During 
reverse transcription and PCR amplification, Takara Prime 
Script RT Reagent Kit with gDNA Eraser (RR047A, Takara), 
Takara TB Green Premix Ex Taq II (RR820A, Takara), and 
Roche LightCycler96 quantitative PCR instrument were used. 
The primer sequences were shown in Table 1. The qPCR pro-
cedure was as below: pre-denaturation at 95˚C for 30 seconds; 

40 cycles of 95°C for 3 seconds, 60 °C for 30 seconds (3 repeats 
per sample). The internal reference was GAPDH. The relative 
mRNA expression was calculated using formula 2-∆∆CT.

Subsequently, the WB assay was done utilizing the general 
previous methods.[20] The reagents we used included BCA pro-
tein quantification kit (ZJ101, Shanghai Epizyme Biomedical 
Technology, China), internal reference β-actin (SC-47778, 
Santa Cruz, 1:1000), primary antibody COL3A1 antibody (sc-
271249, 1:1000, Santa Cruz), and secondary antibody Goat 
Anti-Mouse IgG H&L (HRP) (ab205719, 1: 10,000, abcam). 
Optical density analysis was done in ImageJ software.

Figure 4. Logistic regression model construction and prediction results. (A) The component plus residual plot of the 5 final mRNAs included in the model. The 
obvious linear relationship between X-axis and Y-axis indicated that the independent variables were suitable for the model. (B) ROC curve. X-axis: false positive 
rate (FPR) specificity; Y-axis: true positive rate (TPR) sensitivity. The AUC value could intuitively evaluate the quality of the model. AUC = area under the curve, 
ROC= receiver operating characteristic.
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3. Results

3.1. Differentially expressed genes

Since the data in GSE46960 dataset has been standardized, 
the standardized data was used for further DEG analysis. In 
GSE46960 dataset, compared with normal samples, totally 78 
DEGs were identified in BA samples, including 68 upregulated 
genes and 10 downregulated genes (Fig.  1A). The expression 
levels of DEGs were significantly different between BA samples 
and normal samples (Fig. 1B).

3.2. Results of functional enrichment analyses

To better know the functional information of these 78 DEGs, 
we have performed GO and KEGG enrichment analyses on 
these 78 DEGs. They were significantly enriched (P value. adjust 
< .05) in 200 biological process terms, 37 molecular function 
terms, 17 cellular component terms, and 18 KEGG pathways 
(detailed enrichment analysis results see Table S2, Supplemental 
Digital Content, http://links.lww.com/MD/I675). The top 20 
significantly enriched GO terms and the genes in the top 10 
significantly enriched GO terms were shown in Figure 2A. All 
18 significantly enriched KEGG pathways were displayed in 
Figure 2B.

3.3. PPI network construction and core gene screening

Furthermore, the STRING database was used to construct a 
PPI network based on 78 DEGs, and interaction pairs with 
minimum required interaction score > 0.4 were screened. The 
PPI network was visualized using Cytoscape software, see 
Figure 3A. There were 74 nodes and 174 edges in Figure 3A, in 
which, each node represented a gene and the edge represented 
the interaction between them. Then the topological struc-
ture of the whole PPI network was analyzed using Cytoscape 
software. The importance of each node in PPI network was 
scored according to maximum neighborhood component 

algorithm, the top 10 genes with the highest importance were 
selected; the darker the color, the higher the importance of 
the node (Fig. 3B). Detailed results of the 10 genes see Table 
S3, Supplemental Digital Content, http://links.lww.com/MD/
I676.

3.4. Logistic diagnostic model and validation

Next, the 10 genes screened by PPI network were used to con-
struct a logistic regression model. As a stronger model was 
expected to be constructed based on fewer variables, 5 genes 
were further screened out of the 10 genes according to the step-
wise regression method, including COL3A1, CXCL8, VCAN, 
THBS2, and COL1A2.

Taking all these 5 genes into the model as variables, we found 
that the p values of these 5 genes were <0.05, which indicated 
that they contributed a lot to the model. Then the model was 
evaluated, and the results suggested that the model conforms 
to the normal distribution (Figure S1A, Supplemental Digital 
Content, http://links.lww.com/MD/I677). Not only that, there 
was a good linear relationship between the independent vari-
ables and response variables included in the model (Fig.  4A), 
and there was no extreme value that significantly affected 
the accuracy of the model (Figure S1B, Supplemental Digital 
Content, http://links.lww.com/MD/I677).

Moreover, the reliability of the model was evaluated accord-
ing to the 5-fold cross-validation method. Firstly, all samples 
were randomly divided into 5 groups, 4 groups of data were 
taken as the training set to construct a logistic model every time, 
and the other group of data was taken as the validation set, 
and above process was repeated 5 times. It had been ensured 
through the cross-validation process that each subsample has 
participated in training and test, which could reduce errors 
and reflect the detected ability of model more realistically. We 
found that AUC of 5 logistic models constructed according to 
5-fold cross-validation method in 5 validation sets were 0.9167, 
0.9697, 0.9500, 0.9524, and 0.9667 (Fig. 4B), respectively; the 
average AUC was 0.9612. The results showed that the model 

Figure 5. The expression of COL3A1, CXCL8, and THBS2 in clinical BA samples. (A) The mRNA expression levels of COL3A1, CXCL8, and THBS2 in BA 
samples (n = 15, *: BA patients compared with donors (healthy controls), ** P < .01, **** P < .0001). (B–C) The protein expression of COL3A1 in BA samples 
compared with donors (healthy controls) (n = 15, **** P < .0001). BA = biliary atresia.

http://links.lww.com/MD/I675
http://links.lww.com/MD/I676
http://links.lww.com/MD/I676
http://links.lww.com/MD/I677
http://links.lww.com/MD/I677
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constructed according to the 5 genes could determine the sam-
ple type relatively reliably, which indicated indirectly that the 5 
genes (COL3A1, CXCL8, VCAN, THBS2, and COL1A2) were 
correlated with the onset of BA.

3.5. COL3A1, CXCL8, and THBS2 were highly expressed in 
clinical BA samples

Our bioinformatic analysis results basing on public BA data 
indicated that COL3A1, CXCL8, and THBS2 showed higher 
expression levels in BA samples compared with normal samples. 
In our local clinical BA samples (n = 15), COL3A1, CXCL8, and 
THBS2 mRNA expression levels were all higher-than-normal 
controls (n = 15) (Fig.  5A). Moreover, the protein expression 
of the most significant COL3A1 was determined by WB. The 
results indicated that COL3A1 protein expression was consis-
tent with the mRNA expression in BA samples (Fig. 5B and C). 
Collectively, our data suggested that the expression of COL3A1, 
CXCL8, and THBS2 in local clinical samples were in line with 
public data mining results.

4. Discussion
Currently, the etiology and pathogenesis of BA is still unclear. In 
our present study, based on bioinformatic analyses and further 
experimental validation, we have identified 5 genes, including 
COL3A1, CXCL8, VCAN, THBS2, and COL1A2, which were 
potentially associated with the occurrence of BA. Besides, the 
logistic regression model constructed based on these genes could 
predict the BA sample relatively reliably.

Despite it has been revealed that genetic susceptibility, viral 
infection, or autoimmune disease might be related to BA,[9,21,22] 
the details remain to be elucidated. Accordingly, we expected to 
screen key genes potentially associated with the occurrence of 
BA. Firstly, based on the BA data in GSE46960 dataset, there 
were totally 78 DEGs in BA samples compared with normal 
samples. Subsequently, GO and KEGG enrichment analyses 
were performed on the 78 DEGs to better know their func-
tional information. These 78 DEGs were significantly enriched 
in 254 GO terms and 18 KEGG pathways. Many of the KEGG 
pathways were related to the immune response, which was 
consistent with some previous studies.[22,23] A recent study has 
demonstrated that IL-17A signaling pathway was probably 
involved in chronic inflammation of the bile duct in primary 
biliary cirrhosis,[24] in which, chronic inflammation was asso-
ciated with biliary innate immune responses.[25] It seems to 
be linked to our study. PI3K/Akt signaling pathway is widely 
involved in many biological processes like cell migration, 
apoptosis inhibition, and so on.[26] It has been documented 
that miR-200b-activated PI3K/Akt signaling pathway in BA 
patients has accelerated the proliferation of hepatic stallate 
cells.[27] Our findings complemented the influence of DEGs on 
PI3K/Akt pathway in BA.

Furthermore, based on 78 DEGs, a PPI network was con-
structed to further screen the top 10 most important DEGs. 
Subsequently, on the basis of the stepwise regression method 
and 5-fold cross-validation, the logistic regression model con-
structed based on COL3A1, CXCL8, VCAN, THBS2, and 
COL1A2 was finally evidenced to predict the BA sample rela-
tively reliably. Moreover, we have found some previous reports 
that could support our findings to some extent. For instance, 
COL3A1 was suggested to be involved in the process of liver 
fibrosis,[28] and the significant higher expression of COL3A1 was 
observed in fibrotic tissue compared to healthy tissue,[29] both of 
which might be related to the liver fibrosis during the develop-
ment of BA. As for CXCL8, Zhang et al[21] reported that B cells 
could secrete CXCL8, which was correlated with the pathogen-
esis (proinflammatory effect) of BA. Regarding THBS2, there 

was no direct research about THBS2 in BA, but we found that 
it had been suggested to be associated with the poor prognosis 
of hepatocellular carcinoma.[30] Not only that, Byrling et al[31] 
indicated that stromal THBS2 might be a possible prognostic 
marker in distal cholangiocarcinoma. However, the relevant 
reports and evidence we found was relatively fragmented. Thus, 
how these genes play roles in BA still needs large amounts of 
further exploration in the future.

5. Conclusions
In summary, based on the BA data publicly obtained from 
GSE46960 dataset, via bioinformatic analyses and further 
experimental validation, COL3A1, CXCL8, VCAN, THBS2, 
and COL1A2 have been evidenced to be correlated with the 
onset of BA. Our diagnostic model basing on these 5 genes 
show good predictive performance to distinguish BA samples. 
Moreover, the functional pathways indicate that the BA related 
DEGs have exerted crucial roles affecting immune responses. 
Our findings provide more reference information for better 
understanding the potential pathogenic genes and expanding 
candidate therapeutic targets in BA patients. Furthermore, this 
diagnostic model for BA exhibits a great potential in clinical 
application after a deepening investigation in a larger sample 
size.
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