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Diagnostic Accuracy of Serum Matrix 
Metalloproteinase-7 for Biliary Atresia
Li Yang,1,2* Ying Zhou,1* Pei-pei Xu,1 Reena Mourya,2 Hai-yan Lei,3 Guo-qing Cao,1 Xiao-li Xiong,4 Hui Xu,5 Xu-fei Duan,3  
Na Wang,6 Lin Fei ,7 Xiao-pan Chang,1 Xi Zhang,1 Meng Jiang,1 Jorge A. Bezerra ,2 and Shao-tao Tang1

The diagnosis of biliary atresia (BA) remains a clinical challenge because affected infants have signs, symptoms, and 
serum liver biochemistry that are also seen in those with other causes of neonatal cholestasis (non-BA). However, an 
early diagnosis and prompt surgical treatment are required to improve clinical outcome. Recently, the relative abun-
dance of serum matrix metalloproteinase-7 (MMP-7) was suggested to have discriminatory features for infants with 
BA. To test the hypothesis that elevated serum concentration of MMP-7 is highly diagnostic for BA, we deter-
mined the normal serum concentration of MMP-7 in healthy control infants, and then in 135 consecutive infants 
being evaluated for cholestasis. The median concentration for MMP-7 was 2.86 ng/mL (interquartile range, IQR: 
1.32-5.32) in normal controls, 11.47 ng/mL (IQR: 8.54-24.55) for non-BA, and 121.1 ng/mL (IQR: 85.42-224.4) 
for BA (P < 0.0001). The area under the curve of MMP-7 for the diagnosis of BA was 0.9900 with a cutoff value 
of 52.85 ng/mL; the diagnostic sensitivity and specificity were 98.67% and 95.00%, respectively, with a negative 
predictive value of 98.28%. Conclusion: Serum MMP-7 assay has high sensitivity and specificity to differentiate BA 
from other neonatal cholestasis, and may be a reliable biomarker for BA. (Hepatology 2018;68:2069-2077).

Biliary atresia (BA) is a destructive cholangi-
opathy with rapid progression to end-stage 
cirrhosis if not diagnosed early in life and 

treated with hepatoportoenterostomy (also known 
as the Kasai procedure).(1-3) Among all clinical and 
laboratory features, the age at hepatoportoenteros-
tomy is most consistently correlated with clinical 
outcome, with younger patients being more likely to 
have improved biliary drainage and better survival 
with the native liver at 2 years of age.(4,5) However, 
the early diagnosis of BA in clinical practice is chal-
lenging due to an overlap of signs and symptoms with 
infants with other causes of cholestasis.

When evaluating neonates with cholestasis, clini-
cians routinely use an array of laboratory studies to 

assess the degree of cholestasis, hepatocellular injury 
and function, followed by a screen for other causes of 
intrahepatic cholestasis (e.g., alpha-1-antitrypsin level 
and Pi phenotype in serum), anatomical abnormali-
ties by ultrasound, hepatobiliary scintigraphy, and liver 
biopsy. Depending on the available expertise, endo-
scopic retrograde cholangiopancreatography and other 
tests may be pursued. Among these tests, liver biopsy 
has the best positive predictive value, estimated in one 
study at 90.7%,(6) but is associated with considerable 
morbidity. Therefore, the discovery of novel biomarkers 
of disease has the potential to simplify the diagnostic 
algorithm and shorten the time for surgical treatment.

Analyzing the serum of cholestatic infants with 
 aptamer-based proteomics, investigators recently 

Abbreviations: APRi, AST to platelet ratio index; AUC, area under curve; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BA, 
biliary atresia; CI, confidence interval; GGT, gamma glutamyl transpeptidase; IQR, interquartile range; MMP-7, matrix metalloproteinase-7; 
NC, normal control; NNM, number needed to misdiagnose.
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reported high relative levels of matrix metallopro-
teinase-7 (MMP-7) in infants with BA.(7) MMP-7, 
a protease involved in intercellular signaling through 
breakdown of extracellular matrix, has been linked to 
liver fibrosis in children with BA(8-10) and experimen-
tally implicated in pathogenesis of bile duct epithelial 
injury.(7) Based on these studies, we hypothesized that 
elevated serum concentration of MMP-7 is highly 
diagnostic for BA. To test this hypothesis, we quan-
tified serum MMP-7 in 135 consecutive infants with 
cholestasis and in 54 age-matched normal controls 
(NCs). After establishing normal concentration in 
controls, we found that serum MMP-7 at 52.85 ng/
mL differentiates BA from other causes of cholestasis 
(non-BA) with a sensitivity of 98.67%, specificity of 
95.00%, and negative predictive value of 98.28%.

Methods
StuDy DeSIgN aND populatIoN

Infants evaluated for cholestasis (defined as serum 
direct bilirubin above 17 µmol/L) at three major pedi-
atric centers in the city of Wuhan, China, were con-
secutively enrolled in an observational study between 
October 2016 and April 2018. A separate cohort of 
normal subjects included infants and adults without 
evidence of liver disease. Blood samples for MMP-7 
measurements were obtained from cholestatic subjects 
at the time of the first visit, prior to ascertainment of 

the diagnosis. The evaluation of cholestasis included 
standard liver biochemistry, ultrasound, screen for 
gene mutation (when blood DNA was available), and 
a liver biopsy (when indicated). Subjects without a 
specific diagnosis and biopsies with obstructive fea-
tures (increased number of bile duct profiles) under-
went intraoperative cholangiography. The diagnosis of 
BA was made by the presence of fibrosing obstruc-
tion of extrahepatic biliary remnants excised after 
intraoperative cholangiography. The exclusion of BA 
was based on at least one of the following criteria: 
(1) cholangiography showing a patent biliary tree, (2) 
etiology confirmed by genetic testing, and (3) recov-
ery of cholestasis as shown by the normalization of 
serum bilirubin and/or the normal color of stools on 
follow-up visits. Informed, written consent to partici-
pate in this research was obtained from the parent for 
subjects aged less than 2 years, and from adult con-
trols themselves. The study protocol conformed to the 
ethical guidelines of the 1975 Declaration of Helsinki 
as reflected in the approval by the institutional review 
board and ethics committee at Union Hospital, Tongji 
Medical College, Huazhong University of Science 
and Technology, Wuhan, China.

BIoCHeMICal StuDIeS aND 
MMp-7 eXpReSSIoN

Serum levels of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), total bilirubin, 
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direct bilirubin, gamma glutamyl transpeptidase 
(GGT), and platelet counts were determined in clini-
cal laboratories as part of the evaluation for all choles-
tatic patients. The AST to platelet ratio index (APRi 
score) was calculated as reported previously.(11)

Serum concentration of MMP-7 was measured 
using an enzyme-linked immunosorbent assay, accord-
ing to the manufacturer’s protocol (Cloud-Clone 
Corp., Wuhan, China). At the tissue level, MMP-7 
was detected by immunohistochemistry in tissue sec-
tions from paraffin-embedded liver biopsies from BA 
and non-BA subjects using an anti-MMP-7 antibody 
(Abcam, Cambridge, United Kingdom; dilution of 
1:2000); control liver tissue was obtained from the 
margin of a resected hepatic hemangioma in an infant. 
The secondary amplification and signal detection of 
the immunohistochemical staining used the HRP 
AffiniPure Goat Anti-Rabbit IgG kit (EarthOx, 
San Francisco, CA). Localization of positive signal 
was compared in each group under direct microscope 
examination. In these sections, the degree of hepatic 
fibrosis was assessed by the Metavir scoring system.

StatIStICal aNalySIS
Unpaired t test was used to analyze basic char-

acteristics of the study subjects. For the analysis of 
serum MMP-7, we first tested for normal distribu-
tion using both the D’Agostino & Pearson omnibus 
normality test and the Shapiro-Wilk normality test. 
As the data failed these tests, we applied a nonpara-
metric test (Mann-Whitney U test). Measurement of 

serum MMP-7 is presented with medians and inter-
quartile ranges (IQRs). We calculated the area under 
the receiver operating characteristic curves (AUCs), 
and the optimal cutoff values of serum MMP-7 were 
determined by optimizing sensitivity and specificity. 
Linear regression tests were performed to assess the 
correlation between serum MMP-7 and other bio-
chemical parameters. We also calculated the number 
needed to misdiagnose (NNM, defined as the num-
ber of subjects correctly assigned a diagnosis before an 
erroneous diagnosis is made) for both MMP-7 and 
GGT.(7,12) Statistical calculations were performed using 
GraphPad Prism 6 software (GraphPad, La Jolla, CA).

Results
StuDy SuBJeCtS

We enrolled 135 infants less than 6 months of age 
with cholestasis: 75 subjects with BA and 60 with 
non-BA cholestasis, with a median age of 54 and 59.5 
days, respectively. We also enrolled 54 age-matched 
NCs (median age of 53.5 days) who had blood sam-
ples drawn as part of evaluation/care for non-liver dis-
eases (Supporting Table S1) as well as an older healthy 
cohort of 6 months to 2 years of age (n = 8) and  
adults (n = 10, ages 25-54 years old) (Fig. 1). Clinical, 
biochemical, genetic, and radiologic data of the 60 
subjects in the non-BA group showed that the largest 
group (n = 26 or 43.3%) had idiopathic cholestasis, fol-
lowed by cytomegalovirus hepatitis (n = 16 or 26.7%; 
defined by IgM+ serum), choledochal cyst (n = 4 or 

FIg. 1. Flow chart of subject enrollment. 
A total of 207 infants were enrolled in this 
study, among whom 135 infants younger 
than 6 months of age were consecutively 
enrolled at the time of evaluation for 
conjugated hyperbilirubinemia: 75 were 
found to have BA and 60 had other 
diseases (non-BA). The remaining 72 
subjects were controls without liver 
disease (NC), among whom 54 were 
younger than 6 months, and 18 subjects 
were older.
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6.7%), Alagille syndrome (n = 3 or 5%), citrin deficiency 
(n = 3), and others (Table 1 and Supporting Table S2). 
Follow-up data showed resolution of cholestasis in all 
subjects, except in the following patients who showed 
persistent or recurring cholestasis: 1 infant who died of 
multi-organ failure (with heterozygous CFTR muta-
tion), 1 with patent extrahepatic bile ducts by chol-
angiogram (later diagnosed with Alagille syndrome), 
1 with heterozygous mutation in NPHP3 who had 
persistent cholestasis in the presence of colored stools, 
1 with Dubin-Johnson syndrome who had recur-
ring cholestasis, 1 with choledochal cyst who suffered 
from recurring cholestasis postoperatively, and 1 with 
Niemann-Pick disease who was lost to follow-up. 

Comparison of all subjects in the BA and non-BA 
groups revealed higher serum levels of direct bilirubin, 
AST, and GGT in BA (P < 0.01; Table 2).

SeRuM MMp-7 CoNCeNtRatIoN 
IN NC, Ba, aND NoN-Ba

The serum levels of MMP-7 in NCs had a median 
of 2.86 ng/mL (IQR: 1.32-5.32), which was simi-
lar to older subjects in the control group (Fig. 2A). 
Although several subjects in the non-BA cohort had 
MMP-7 levels within the normal range, the median 
concentration was higher than age-matched controls 
at 11.47 ng/mL (IQR: 8.54-24.55; P < 0.0001). In 
contrast, MMP-7 in BA subjects had an average 
10-fold increase above non-BA, with a median of 
121.1 ng/mL (IQR: 85.42-224.4; Fig. 2A). Plotting 
individual concentrations according to the age of 
subjects showed that the levels did not vary signifi-
cantly in the first 6 months in NCs (r = 0.1667,  
P = 0.2283), trended upward in non-BA (r = 0.2257,  
P = 0.0829), and reached significance in BA (r = 0.5358,  
P < 0.0001; Fig. 2B). These analyses showed that sub-
jects with BA have high levels of MMP-7, with min-
imal overlap with non-BA.

peRFoRMaNCe oF SeRuM  
MMp-7 aS a BIoMaRKeR FoR Ba 
DIagNoSIS

To investigate the predictive value of serum MMP-7 
concentration for BA, we calculated the AUC and 

taBle 1. etiological Diagnosis of patients Classified as 
non-Ba

Diagnosis Case No. Percent (%)

Idiopathic cholestasis 26 43.3

Cytomegalovirus hepatitis 16 26.7

Choledochal cyst 4 6.7

Alagille syndrome 3 5.0

Citrin deficiency 3 5.0

Cholelithiasis 1 1.7

Dubin-Johnson 1 1.7

Giant hemangioma 1 1.7

Hemangioendothelioma 1 1.7

Niemann-Pick disease 1 1.7

Syphilis hepatitis 1 1.7

Sepsis-associated cholestasis 1 1.7

Parenteral nutrition–associated liver disease 1 1.7
TOTAL 60 100

taBle 2. Demographics and laboratory Values of Study Subjects

NC (54) Non-BA (60) BA (75) P*

Age, median (IQR), days 53.5 (35.5-66.0) 59.5 (46.3-76.8) 54 (43-67) 0.56

Sex, n (%)

Male 31 (57.4) 35 (58.3) 34 (45.3) 0.17

Female 23 (42.6) 25 (41.7) 41 (54.7)

TB,† μmol/L 13.8 (9.4-37.0) 155.0 (119.7-203.8) 182.6 (145.5-224.5) 0.014

DB,† μmol/L 4.7 (3.0-8.5) 95.4 (57.8-130.8) 124.8 (95.5-156.0) < 0.001

ALT,† U/L 19.5 (13.0-26.0) 81.5 (43.0-120.8) 128.0 (86.0-219.0) 0.080

AST,† U/L 30.0 (22.8-41.0) 123.0 (82.2-183.0) 214.0 (136.0-297.0) 0.004
GGT,† U/L 53.0 (32.5-88.8) 169.0 (113.3-343.0) 425.0 (193.0-799.0) < 0.001

*P value: Between BA and Non-BA cholestasis. Sex was tested using Fisher’s exact test. All other rows were tested using Student t test.
†Median (IQR).
Abbreviations: DB, direct bilirubin; TB, total bilirubin.
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compared with that of serum GGT based on previous 
reports that GGT is high in infants with BA.(13-15)  
The AUC for MMP-7 in BA was 0.9900 (95% 
confidence interval [CI]: 0.9786-1.000; P < 0.0001;  
Fig. 3A), whereas the AUC for GGT was 0.7186 
(95% CI: 0.6321-0.8050; P < 0.0001; Fig. 3B). The 
sensitivity and specificity for GGT were also compar-
atively lower at 64.00% and 71.67%, respectively, at a 
cutoff value 314 U/L. In contrast, analyses of optimal 
threshold cutoff value of MMP-7 identified 52.85 ng/
mL for BA, with sensitivity of 98.67% and specific-
ity of 95.00% (Supporting Table S3), and produced 
a negative predictive value of 98.28%. Based on the 
correlation of increasing levels of serum MMP-7 with 
age as shown in Fig. 2B and on the reported clinical 
benefit of diagnosing biliary atresia before 60 days of 
age, we performed a subanalysis of the data focused 
on subjects younger than 60 days, which included 48 
BA infants, 34 non-BA, and 37 NCs. The diagnostic 

performance for this younger subgroup was similar to 
the entire cohort (all subjects under 180 days), with 
sensitivity of 97.92% and specificity of 94.12% at an 

FIg. 2. Serum MMP-7 concentration in BA, non-BA, and NC. (A) Dots represent MMP-7 concentration for individual subjects and 
cohorts (and different ages for NCs). Boxes and whiskers represent median and interquartile range. (B) Serum MMP-7 plotted against 
age of subjects. The r and P value are calculated by linear regression model; ****P < 0.0001.

FIg. 3. Discriminatory features for MMP-7 and GGT. AUC 
for serum MMP-7 (A) and GGT (B) in differentiating BA from 
non-BA cholestasis in logistic regression analysis. The AUC value 
is shown with the 95% CI.
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identical optimal cutoff of 52.85 ng/mL, and an AUC 
of 0.9859 (Supporting Fig. S1 and Supporting Table 
S4). These results point to a similar performance of 
serum MMP-7 for younger subjects.

Finally, to directly compare the diagnostic per-
formance of MMP-7 with GGT, we calculated the 
number needed to misdiagnose for both markers.(7,12) 
The NNM for MMP-7 was 25 (meaning that 1 of 25 
subjects is misdiagnosed) and 3 for GGT (1 of 3 is 
misdiagnosed). These data demonstrated a superiority 
of MMP-7 over GGT in identifying infants with BA.

RelatIoNSHIp oF MMp-7 WItH 
lIVeR BIoCHeMIStRy

Based on the limited knowledge of the biological 
function of MMP-7 and how it relates to standard 

liver function tests, we next investigated its correlation 
with serum markers of liver injury and cholestasis, and 
with APRi as an indicator of liver fibrosis. MMP-7 
correlated only with GGT (r = 0.27, P = 0.0223), 
but not with total or direct bilirubin, ALT, AST, or 
APRi (Fig. 4). Based on the correlation with GGT, 
we developed a composite model combining MMP-7 
and GGT, which produced an AUC of 0.9898 (95% 
CI: 0.9784-1.0000; P < 0.0001; Fig. 5A), with sen-
sitivity of 99.00% and specificity of 95.00%, with 3 
of the non-BA subjects being visually identified at 
the lower levels for BA (Fig. 5B). The NNM for the 
composite MMP-7 + GGT was 25 (1 of 25 subjects 
is misdiagnosed). Collectively, these data suggested 
that adding GGT to serum MMP-7 levels does not 
substantially increase the diagnostic accuracy for BA 
(compared with MMP-7 alone).

FIg. 4. Correlations of serum MMP-7 with liver biochemical parameters and APRi. Serum MMP-7 plotted against total bilirubin 
(TB), direct bilirubin (DB), AST, ALT, GGT, and the APRi score, calculated as ([AST/upper limit of normal AST]/platelet count)*100.
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HepatIC MMp-7 eXpReSSIoN
Using immunostaining to determine the cellular 

source of MMP-7 expression in diseased livers at 
the time of diagnosis,(7-10,16) we found the protein 
expressed primarily in intrahepatic cholangiocytes of 
BA (n = 10), with signal also present in few nonpa-
renchymal cells (Supporting Fig. S2A). In correlative 
analyses of this small cohort, there was no signifi-
cant correlation between the serum concentration of 
MMP-7 with its immunostaining intensity in the liver 
or with the histological fibrosis score (Supporting Fig. 
S2B,C).

Discussion
We found that high serum concentrations of 

MMP-7 identified all but 1 subject with BA, with an 
average increase of 10-fold above non-BA. There was 
minimal overlap of individual MMP-7 concentrations 
between the two cohorts; in contrast, the concentra-
tions for most non-BA subjects were within the range 
of age-matched NCs. At a cutoff value of 52.85 ng/
mL, serum MMP-7 had 98.67% sensitivity for BA 
and incorrectly assigned a BA diagnosis in only 3 of 
60 cholestatic infants, which represents a specificity of 
95.00%. These findings support a notably high dis-
criminatory value of MMP-7 for BA.

The argument for the use of MMP-7 as a diag-
nostic test for BA is supported by its high sensi-
tivity, specificity, and negative predictive value, but 
its potential use in the clinical setting requires a 
comparison with other available tests. Among them, 
GGT has been reported to be the best available test, 
in which a cutoff value at 250-303 IU/L has been 
reported to have a sensitivity of 82.8%-83.3% and 
specificity of 70.6%-81.6%.(7,14,15) In our current 
study, the availability of both GGT and MMP-7 for 
all subjects enabled a direct comparison of the two 
biomarkers, which showed a superior performance 
for MMP-7 with much better AUC, sensitivity, 
specificity, and number needed to misdiagnose. 
A similarly improved performance for MMP-7 
was also seen in previous cohorts when the abun-
dance of MMP-7 was estimated using signal inten-
sity produced by the aptamer-based technology of 
SOMAscan (Somalogic Inc., Boulder, CO).(7) In 
that report, MMP-7 had an AUC of 0.97 (ver-
sus 0.9 for GGT), sensitivity of 97% (versus 83% 
for GGT), and specificity of 91% (versus 81% for 
GGT). In our current study, using both MMP-7 
and GGT in a composite model did not substan-
tially improve AUC, sensitivity, or specificity. The 
superiority of MMP-7 over GGT as a single bio-
marker may be best demonstrated by the number 
needed to misdiagnose, which uses the estimated 
prevalence of biliary atresia of approximately 25% 

FIg. 5. Performance of combined MMP-7 and GGT in identifying subjects with BA. (A) AUC for combined MMP-7 and GGT in 
differentiating BA from non-BA in logistic regression analysis. The AUC value is shown with the 95% CI. (B) MMP-7 plotted against 
GGT for each subject in BA (red), non-BA (blue), and NC (green).
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among cholestatic infants in clinical practice, calcu-
lated at 25 for MMP-7 and 3 for GGT, and still 25 
for the MMP-7 + GGT combined model.

The quantification of MMP-7 concentrations in 
serum samples using an antibody-based assay allowed 
for the determination of normal values for control 
infants less than 6 months of age. Furthermore, serum 
MMP-7 was also tested in healthy subjects of other 
age groups, including 6 months to 2 years and adults 
aged 25-54 years old, which showed no substantial 
age-based changes. Previous publications reported 
similar concentration ranges in normal subjects.(17,18) 
Based on these findings, the trend observed in our 
analysis that MMP-7 correlates with increasing age 
in BA and non-BA subjects suggests that the increase 
may relate to the duration or severity of biliary injury. 
However, these possibilities require further testing 
in future studies with larger cohort sizes in each age 
group. The results reported herein will also allow for 
comparison with future studies seeking to further 
validate our findings in other races and ethnic back-
grounds. Different than the U.S.-based population of 
the earlier study of MMP-7 as a diagnostic biomarker 
for BA,(7) the use of an entirely Chinese cohort points 
to a consistent finding across different populations.

The shared clinical and biochemical features 
between BA and inherited syndromes of intrahe-
patic cholestasis make it challenging to identity those 
infants with BA. Based on our data, serum MMP-7 
may be helpful in facilitating the diagnosis of BA; 
however, because these syndromes make up less than 
30% of our non-BA cohort, further studies are needed 
to test the diagnostic performance of serum MMP-7 
to differentiate BA from rare cholestatic liver diseases 
such as Alagille syndrome, alpha-1-antitrypsin defi-
ciency, citrin deficiency, and ductal plate malformation. 
Serum MMP-7 was previously shown to have a mod-
est correlation with hepatic fibrosis in older patients 
with BA,(10) but our preliminary analysis does not 
support such correlation in young infants at the time 
of diagnosis. We recognize that the single time point 
(at diagnosis) and the immunostaining of only 10 
patients limit the strength of our correlative analyses. 
Thus, the potential value of MMP-7 as a biomarker 
of fibrosis requires a longitudinal study that measures 
serum MMP-7 concentrations in different stages of 
progression of liver disease in children with BA.

In summary, our findings of distinctly high con-
centrations of serum MMP-7 in BA subjects identify 

its role as a biomarker of disease, with a real potential 
to diagnose the disease in a timely fashion. In clinical 
practice, the ability of practitioners to identify choles-
tatic infants unlikely to benefit from a liver biopsy 
or intraoperative cholangiogram has the potential to 
minimize the morbidity associated with these pro-
cedures and decrease health care cost. In this regard, 
MMP-7 performed really well by its negative predic-
tive value of 98.28%. Based on the evidence presented 
herein, the serum concentration of MMP-7 emerges 
as a biomarker that substantially simplifies diagnostic 
algorithms of infants with cholestasis by using a blood 
test that is highly predictive of BA. The use of serum 
MMP-7 in clinical practice does not negate the poten-
tial use of serum GGT as an additional biomarker of 
BA, although our data suggest that it does not substan-
tially increase the diagnostic accuracy. Thus, we pro-
pose that the early acquisition of the serum MMP-7 
level will identify patients more likely to benefit from 
the timely indication for an intraoperative cholangio-
gram and potential hepatoportoenterostomy.

Acknowledgment: We thank Dr. Zhenhua Luo for his 
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