ORIGINAL ARTICLE

Gut and Liver, Vol. 4, No. 4, December 2010, pp. 537-542

Utility of Serum YKL-40 as a Tumor-Specific Marker of

Hepatobiliary Malignancies

Ju Dong Yang®, Eugene Kim*, Rachel A. Pedersen’, W. Ray Kim*, Surakit Pungpapong*, and Lewis R.

Roberts*

Divisions of *Gastroenterology and Hepatology, " Biomedical Statistics and Informatics, Mayo Clinic College of Medicine, Rochester, MN,

US4

Background/Aims: Serum YKL-40 has been linked to
several human cancers. We investigated the potential
role of serum YKL-40 as a marker of hepatobiliary
malignancies. Methods: Archived serum samples of
patients undergoing liver transplantation evaluation at
the Mayo Clinic Rochester were used to measure
YKL-40 levels. Patients were divided into three groups:
hepatocellular carcinoma (HCC), cholangiocarcinoma
(CCA), and end-stage liver disease (ESLD) without
malignancies. The Model for ESLD (MELD) score was
used to quantify the severity of liver disease.
Results: The median serum YKL-40 level was highest
in the ESLD group at 296 ng/mL, compared to 259
ng/mL in the HCC group and 80 ng/mL in the CCA
group (p<0.01). There was a significant correlation
between the MELD score and serum YKL-40 level
(r=0.50, p<0.01). In a multivariate analysis, there was
no significant difference in serum YKL-40 level be-
tween ESLD and HCC. CCA was associated with low-
er YKL-40 levels, a finding that was attributable to a
lower prevalence of cirrhosis. Conclusions: The se-
rum YKL-40 level has little utility as a cross-sectional
screening tool for hepatobiliary malignancies, namely
HCC and CCA. The role of YKL-40 as a surveillance
marker in the follow-up of individual patients remains
to be determined. (Gut Liver 2010;4:537-542)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most le-
thal malignancies in humans. As the sixth most common
cancer and the third-leading cause of cancer deaths in the
world, HCC has a high global public health burden.' As
HCC occurs almost exclusively among patients with un-
derlying liver disease, patients at risk of developing HCC
may be potentially identified. However, timely diagnosis
and accurate staging in patients with HCC remain a clin-
ical challenge.

Cholangiocarcinoma (CCA) is also a highly lethal can-
cer occurring in the intra- and extra-hepatic bile ducts.
Although CCA is not as prevalent as HCC, it is rarely di-
agnosed early and most patients who presents with symp-
tomatic disease rarely achieve long term survival. Serum
markers for screening and early diagnosis of CCA are also
lacking.

YKL-40, also known as human cartilage glycoprotein
39, is a glycoprotein expressed in association with in-
flammatory process, extracellular matrix degradation and
angiogenesis.” It is mainly secreted by human macro-
phages, synovial cells, chondrocytes and neutrophils, and
hepatic stellate cells.” Elevated serum YKL-40 levels is as-
sociated with wide range of inflammatory diseases includ-
ing cardiovascular disease,** diabetes mellitus,>® chronic
obstructive pulmonary disease,” asthma,® inflammatory
bowel disease,” and osteoarthritis.™® High serum concen-
trations of YKL-40 have also been found in several types
of malignancies and are known to be associated with poor
survival. Biologically YKL-40 was shown to activate cancer
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signaling pathways and promote tumor angiogenesis.'""*

Although oncogenic effect of YKL-40 has not been well
studied in hepatobiliary malignancy, YKL-40 is located on
human chromosome 1q31-q32, a region frequently ampli-
fied in HCC."” Currently, the potential utility of YKL-40
in the screening, diagnosis and staging of hepatobiliary
malignancies has not been investigated. In this study, we
explore whether serum concentration of YKL-40 may rep-
resent a marker of hepatobiliary malignancies, including
HCC and CCA.

MATERIALS AND METHODS

This study is conducted utilizing serum samples col-
lected from patients evaluated for liver transplantation at
Mayo Clinic between March 2002 and
December 2005. It was approved by the Mayo Foundation
Institutional Review Board. Based on availability of serum
samples, 107 subjects were included in this analysis con-
sisting of 28 patients with HCC, 28 with CCA, and 51
with end stage liver disease.

Relevant clinical information at the time of listing for

Rochester

liver transplantation was extracted from medical records,
such as patient demographics, smoking and alcohol his-
tory (past or current consumption of cigarettes or alco-
holic beverages), etiology of liver disease, presence of liv-
er cirrhosis, tumor characteristic and laboratory data, in-
cluding serum concentrations of total bilirubin and crea-
tinine and international normalized ratio (INR) for pro-

Table 1. Patients Characteristics

thrombin time for the purpose of this analysis.

Based on these data, we calculated the model for
end-stage liver Disease (MELD) score according to the
following equation: MELD=11.2 log (INR)+9.57 log
(creatinine) +3.78 log (bilirubin)+6.43. Thus, in this
analysis, MELD was used as an indicator of severity of
liver disease.

Serum concentrations of YKL-40 were measured by the
enzyme-linked immunosorbent assay technique. The assay
was conducted using a commercial assay kit (METRA®;
Quidel Co., San Diego, CA, USA) and following the man-
ufacturer’s instruction.

Statistical analyses were conducted using the SAS 9.1
statistical software package (SAS Institute, Gary, NC,
USA). Comparison of the three groups was conducted by
the nonparametric Kruskal Wallis test and the chi-square
test. The relation between the MELD score and YKL-40
concentration was examined using the Spearman correla-
tion. Finally, univariate and multivariable linear re-
gression analyses were performed to evaluate the differ-
ences in YKL-40 concentration among the three groups of
patients, while adjusting for relevant covariates.

RESULTS

Table 1 compared the three groups of patients. The me-
dian age of HCC patients was 58 years, significantly high-
er than patients with end-stage liver disease (ESLD) or
CCA. There appeared to be stronger male preponderance

HCC (n=28) CCA (n=28) ESLD (n=51) p-value

Age 58 (53-64) 53 (43-57) 53 (46-59) 0.03
Male 22 (79) 20 (71) 30 (59) 0.17
Cirrhosis 27 (96) 10 (36) 51 (100) NA
Etiology

HCV 12 43) 0 8 (16)

HBV 2 (7) 0 2 (4)

Alcohol 2 (7) 0 16 (31)

PSC 0 26 (93) 5 (10)

PBC 0 0 2 (4

Others 12 (43) 2 (7) 18 (35)
History of smoking 21 (75) 10 (36) 26 (51) 0.01
History of drinking 24 (86) 18 (64) 39 (76) 0.17
AST, U/L 81 (56-124) 68 (39-107) 79 (50-128) 0.53
ALT, U/L 55 (35-90) 71 (46-133) 51 (32-131) 0.26
Total bilirubin, mg/dL 1.7 (1.4-2.4) 1.3 (0.6-5.0) 8 (2.9-17.1) <0.01
INR 1.1 (1.0-1.3) 0.9 (0.9-1.0) 1.45 (1.2-1.8) <0.01
Creatinine, mg/dL 1.0 (1.0-1.15) 1.0 (0.9-1.1) 1.3 (0.9-2.6) <0.01
MELD 10 (8-13) 6 (4-12) 21 (13-28) <0.01

Data are presented as median (interquartile range) or number (proportion).
HCV, hepatitis C virus; HBV, hepatitis B virus; INR, international normalized ratio; MELD, model for end-stage liver disease.
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Fig. 1. Distribution of serum YKL-40 levels in the three groups
of patients: CCA, cholangiocarcinoma; ESLD, end-stage liver
disease; and HCC, hepatocellular carcinoma. The boxes
represent interquartile ranges, while the upper and lower ends
of the whiskers denote the 5th and 95th percentiles of the
data, respectively.
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Fig. 2. Correlation between YKL-40 level and MELD score.
ESLD, end-stage liver disease; HCC, hepatocellular carcinoma;
CCA, cholangiocarcinoma; MELD, model for end-stage liver
disease.

Table 2. Univariate and Multivariate Linear Regression Models for the Prediction of YKL-40 Level

Univariable models

Multivariable model*

Variable Regression coefficient Regression coefficient
(95% CI) p-value (95% CI) p-value
Age (decade) 0.12 (—0.06 to 0.31) 0.19 0.07 (—0.08 to 0.23) 036
Gender (male) 0.27 (—0.16 to 0.70) 0.21
MELD (units of 5) 0.28 (0.20 to 0.37) <0.01 0.24 (0.14 to 0.33) <0.01
History of smoking 0.41 (0.02 to 0.81) 0.04 0.30 (—0.05 to 0.65) 0.09
History of drinking 0.33 (—0.14 to 0.80) 0.16
HCC (vs. not) 0.27 (—0.19 to 0.73) 0.24
CCA (vs. not) —1.05 (—1.47 to —0.64) <0.01 —0.48 (—0.92 to -0.04) 0.03

Age is included in the multivariable model because of the known association with serum YKL-40 level. YKL-40 was log
transformed in the univariable and multivariable regression model.
CI, confidence interval; MELD, model for end-stage liver disease; HCC, hepatocellular carcinoma; CCA, cholangiocarcinoma.
*Variables with univariate p-value less than 0.1 were included in multivariable model.

in the HCC and CCA groups, although the difference was
not significant. Most patients with HCC and ESLD had
cirrhotic liver disease, whereas about a third of patients
with CCA had cirrhosis. Viral hepatitis and alcoholic liver
disease were major etiologies for HCC. As expected, PSC
was a predominant risk factor of CCA. History of smok-
ing and alcohol consumption was more prevalent among
HCC patients than the other two groups. The median
MELD score was by far the highest in patients with
ESLD. The MELD score was lowest among those with
CCA.

Fig. 1 displays the distribution of YKL-40 in the three
groups. The median (mean) serum YKL-40 level for the
ESLD group was the highest at 296 (481) ng/mL, com-
pared to 259 (383) ng/mL in the HCC group and 80
(208) ng/mL in the CCA group. The difference among

the three groups was statistically significant (p<0.01).
When the groups were compared pair-wise, the difference
between CCA and ESLD was significant (p<0.01), where-
as that between HCC and ESLD was not (p=0.43).

Fig. 2 depicts the correlation between the MELD score
and the serum YKL-40 concentration. The latter variable
was logarithmically transformed to render the distribution
more symmetric. There was a significant positive correla-
tion between MELD and YKL-40 (r=0.50, p<0.01).

Table 2 summarizes regression models to examine as-
sociations between serum YKL-40 and diagnosis, along
with age, gender, smoking, alcohol intake and the MELD
score. In the univariate model, the MELD score and CCA
were statistically significant. The MELD score and CCA
remained significant in the multivariable model: a
five-unit increase in the MELD score was associated with
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Table 3. Multivariate Linear Regression Model for the Predic-
tion of YKL-40 Level among Patients with Hepatocellular
Carcinoma or Cholangiocarcinoma

Multivariable model*

Variable
Regression coefficient p-value
cca’ 021 (—0.35 to 0.77) 0.46
Age (decade) 0.07 (—0.16 to 0.29) 0.56
History of smoking 0.40 (—0.04 to 0.84) 0.07
Cirrhosis 1.62 (1.07 to 2.17) <0.01

CCA, cholangiocarcinoma.

*Variables were selected based on clinical significance and
result from the model in Table 2. MELD was removed due to
the significant collinearity with cirrhosis. YKL-40 was log
transformed in the multivariable regression model; Hepa-
tocellular carcinoma as reference group.

a 27% (¢%**-1) increase in serum YKL-40, whereas CCA
was associated a 38% (e >*-1) decrease in serum YKL-40.

Table 3 further explores the relationship between se-
rum YKL-40 and underlying cirrhosis in patients with
HCC and CCA. Cirrhosis was associated with 5-fold
(€"®®") increase in YKL-40, whereas there was no sig-
nificant difference between HCC and CCA. Other co-

variates in the model were not significant.

DISCUSSION

The main results of this study are two-fold: 1) serum
YKL-40 concentration was not found to be useful as a
marker of HCC or CCA, which was because 2) serum
YKL-40 concentrations correlated with severity of liver
fibrosis which is widely prevalent among individuals at
risk of HCC and CCA. Of the two malignancy groups, se-
rum YKL-40 was higher among patients with HCC than
those with CCA. Our data showed (Table 3) that this is
attributable to a lower prevalence of cirrhosis among
CCA patients, although it is possible that there may be a
minor tumor-specific difference in the expression of
YKL-40 between HCC and CCA. Nonetheless, our data
suggest that in this patient population, it is likely that se-
rum YKL-40 has a limited clinical utility as a tumor
marker for either type of hepatobiliary malignancies.

Our results are confirmatory for the correlation be-
tween the serum YKL-40 and hepatic fibrosis.'* Johansen
et al."” made an initial observation that serum YKL-40 in-
creased progressively from normal subjects (median, 102
ng/mL) to patients with mild fibrosis (270 ng/mL) to
those with moderate (466 ng/mL) to severe (676 ng/mL)
fibrosis. Immunohistochemical analysis using the frozen
liver tissues demonstrated positive staining for YKL-40

antigen in areas with fibrosis, particularly if fibrogenesis
is active.”® Subsequent studies showed that serum YKL-40
decreased in patients with hepatitis C treated with inter-
feron, particularly if the virus is cleared'® and that among
patients with alcoholic liver disease, elevated serum
YKL-40 was associated with shortened survival.'” Similar-
ly, in chronic hepatitis B patients, YKL-40 was reported
to be higher in patients with cirrhosis than patients with-
out cirrhosis.'® Cirrhosis is characterized by increased tis-
sue remodeling of extracellular matrix and accumulation
of fibrosis tissue in the liver. Activated hepatic stellate
cells are the key modulators of this pathologic process.
Hepatic stellate cells are thought to be a potential source
of YKL-40 secretion in the liver, explaining high serum
concentration of YKL-40 in cirrhotic patients. Our data
further showed that serum YKL-40 correlated with
MELD, suggesting that even among patients with cir-
rhosis, serum YKL-40 may further identify patients with
more advanced disease. Whether serum YKL-40 has prog-
nostic information over and above the MELD score in
these patients is not known.

Serum YKL-40 has been shown to be a helpful diag-
nostic and prognostic indicator in various types of can-
cers, which include colorectal,” breast,* lung,21 head and
neck,? prostate,23 ovarian cancer,”* and malignant mela-
noma.” Depending on the tumor type, the effect of se-
rum YKL-40 on survival rates may be substantial (hazard
ratio range, 1.3-4.1).* Most recently, a Danish cohort
study showed that elevated YKL-40 level predicts the in-
creased risk of gastrointestinal cancer and decreased sur-
vival after cancer diagnosis in general population.”” Of
note, median serum YKL-40 concentrations reported in
patients with other cancers (57-180 ng/mL)"¥***** are
far lower than serum YKL-40 concentration observed in
patients with advanced liver fibrosis (466-676 ng/mL)."

With regard to the role of YKL-40 in patients with hep-
atobiliary malignancies, previous studies have demon-
strated that clusterin, a molecule closely linked with
YKL-40, plays an important role in the metastasis of
HCC.”” Whether serum YKL-40 has any diagnostic and/or
prognostic role in patients with HCC and other hep-
atobiliary malignancies has not been studied. While some
HCCs may produce and secrete YKL-40; however, our da-
ta showed that such signals may easily be overshadowed
by the high levels of YKL-40 associated with liver
fibrosis. To the extent that most of HCCs occur in the
setting of advanced fibrosis, this is a significant short-
coming in using serum YKL-40 as a screening tool.
Patients with CCA may or may not have underlying liver
fibrosis, which explain the generally lower serum levels of
YKL-40 in those patients.
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In the context of assessing serum YKL-40 as a marker
of hepatobiliary malignancies, some limitations to our
study need to be kept in mind. This was an exploratory,
cross-sectional study to evaluate inter-individual differ-
ences that may indicate that serum YKL-40 may be useful
in screening and diagnosis of hepatobiliary malignancies.
While the answer to that question is largely negative, it
is still possible that serum YKL-40 may be useful in a
given individual upon a longitudinal follow-up. This may
be somewhat analogous to serum alpha-fetoprotein (AFP)
in patients with active hepatitis and cirrhosis, where AFP
may be a marker of inflammation or neoplasia. A longi-
tudinal follow-up of serial AFP is often more helpful than
a one-time AFP value. Similarly, the patients included in
the study represent a convenient sample of individuals
who were waiting for liver transplantation with easily re-
trievable serum specimens. Reflecting criteria for liver
transplantation in patients with HCC and CCA, patients
had early stage malignancies.

With regard to determinants of serum YKL-40 other
than liver fibrosis and malignancies, our data were con-
sistent with previous studies. Serum YKL-40 has been
shown to correlate with age. Johansen et al shows that in
both men and women, increasing age was associated with
rising serum YKL-40.” Although the exact mechanism is
not known, increased inflammatory cytokines such as IL-6
in the elderly people may partly explain the elevation of
YKL-40 level with age.w’31 In our data, a 10-year increase
in age was associated with 10% higher level of serum
YKL-40. Alcohol consumption and smoking have also
been associated serum YKL-40 level. These are also con-
sistent with the previous observations made in population
based studies.”’ In our analysis, there was positive, yet
non-significant univariate association between these be-
havioral risk factors and serum YKL-40. These effects
largely disappeared in the multivariable model, probably
due to the modest sample size of our study. Currently,
little is known how smoking and alcohol intake may in-
dependently increase the serum level of YKL-40.

In conclusion, despite previous data that YKL-40 is
overexpressed in HCC tissue, we demonstrate that its se-
rum concentrations are likely of little use as a screening
or diagnostic marker of hepatobiliary malignancies. This
was at least in part secondary to the correlation between
serum YKL-40 and liver fibrosis/cirrhosis. It remains to
be studied whether serum YKL-40 may have role as a
tool for surveillance in a given individual at risk of HCC.
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