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Preoperative serum bilirubin is an
independent prognostic factor for curatively
resected esophageal squamous cell
carcinoma

Xiancong Huang'*!, Yang Chen'%*" Huan Yang'?, Ruting Wang®* and Zhongjian Chen?*"

Abstract

Purpose This study examines prognostic value of preoperative serum bilirubin, including unconjugated bilirubin
(UCB), conjugated bilirubin (CB), and total bilirubin (TB), in esophageal squamous cell carcinoma (ESCC) patients who
underwent curative resection.

Methods Between May 2010 and December 2012, a total of 351 ESCC patients were retrospectively reviewed. All the
patients underwent curative resection as their primary treatment. Clinicopathological features and overall survival
(OS) rate were investigated. Kaplan-Meier curves were used to calculate the OS rate, and the prognostic factors were
identified by Cox regression model. Besides, the potential inhibition effect of UCB on ESCC was investigated with both
in vitro and in vivo models.

Results The higher-level groups of UCB, CB, and TB demonstrated longer OS than their low counterparts, with
hazard ratio (HR) values of 0.567 (95% Cl: 0.424-0.759), 0.698 (95% Cl: 0.522-0.933), and 0.602 (95% Cl: 0.449-0.807),
respectively. All three forms of bilirubin were identified as independent prognostic factors for patients with ESCC, and
they were found to effectively stratify the survival risk of patients at TNM stage ll. In vivo and in vitro models further
confirmed the inhibitory effect of unconjugated bilirubin (UCB) on the proliferation of ESCC.

Conclusion The findings of our study have shed new light on the prognostic value and biological functions of
bilirubin in relation to ESCC. These results may contribute to a better understanding of the underlying mechanisms
involved in ESCC tumorigenesis and provide potential therapeutic pathways for treating ESCC.
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Introduction

Esophageal squamous cell carcinoma (ESCC) accounts
for about 90% of the 572,000 new esophageal cancer
cases each year [1-4], and is the predominant subtype
of esophageal cancer in China [4, 5]. Currently, surgical
resection with lymphadenectomy is the major treatment
for ESCC. Despite the breakthroughs in surgical tech-
nique and multidisciplinary strategy, ESCC has a poor
prognosis, with a 5-year survival rate ranging from 10%
to 25% [6]. At present, TNM staging system is mainly
used to predict the prognosis of ESCC. However, the fac-
tors of TNM staging system, such as lymph node metas-
tasis and invasion depth, are not available until surgery.
Therefore, a more convenient, non-invasive biomarker
is always desired to predict the treatment outcome and
monitor ESCC progression.

Unconjugated bilirubin (UCB), an end product of heme
catabolism, can be taken up into the liver and metabo-
lized into conjugated bilirubin (CB) by the enzyme uri-
dine diphosphoglucuronate glucuronosyltransferase 1A1
(UGT1A1) [7, 8]. In human, UCB and CB comprise 80%
and 20% of total bilirubin (TB), respectively. Recently
growing evidence reveals that bilirubin has many health
benefits, such as anti-inflammation [9], anti-oxidation
[10], and anticancer [11] properties. Several studies indi-
cated an inverse correlation between serum bilirubin
concentration and tumor incidence, including lung can-
cer [11-13], and colorectal cancer [14, 15], and lightly
elevated serum bilirubin level is associated with better
prognosis. UCB is the active form of bilirubin. In vitro
experiments proved that UCB possessed anticancer
effect on colon cancer [14] and human adenocarcinoma
cells [16].

Bilirubin has been demonstrated as a promising bio-
marker, and has a potential anticancer effect in some
cancers [14]. However, it is still unclear whether biliru-
bin has a similar role in ESCC. We hypothesized that
curatively resected ESCC patients with a mildly elevated
serum bilirubin level would have a longer survival. The
three forms of bilirubin (UCB, TB, and CB) are all rou-
tinely determined in clinical laboratory test, and can be
repeatedly collected during the whole cancer treatment
process, making them potentially convenient biomarkers
for ESCC prognosis, especially in the long-term moni-
toring. The present study aims to explore the prognostic
significance of bilirubin in ESCC patients with curative
resection, and to further evaluate its potential anticancer
property in ESCC.

Materials and methods

Patients and clinical data collection

We retrospectively reviewed medical records of ESCC
patients underwent radical resection at Zhejiang Cancer
Hospital, from May 2010 to December 2012. The study
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protocol was approved by the Research Ethics Commit-
tee of Zhejiang Cancer Hospital (China), in which experi-
ments were conducted in accordance with the ethical
standards of the Helsinki Declaration of 1975, and writ-
ten informed consent was obtained from all individuals.
The inclusion criteria were: (1) pathologically diagnosed
as ESCC, (2) surgery included radical resection, (3)
no treatment before surgery, (4) preoperative labora-
tory testing available. Cases with the following criteria
were excluded: (1) incomplete medical records, (2) died
from non-cancer-related causes, (3) severe hepatobiliary
(Child-Pugh score>6) disease or hemolytic disease, and
(4) with other malignancies. According to these criteria,
there were 351 matched cases.

Information including age, sex, drinking habit, smok-
ing habit, tumor grade, neural invasion, tumor thrombus,
and pathological stage (TNM stage determined accord-
ing to American Joint Committee on Cancer 8th edition)
were collected. Preoperative biochemistry and blood
testing was collected in fasting condition. Participants
were followed up until December 2017, and overall sur-
vival (OS) was calculated from the date of surgery to the
date of death or that of the last follow-up.

Survival analysis of serum UCB, CB, and TB in ESCC patients
Receiver operating characteristic (ROC) curve analysis
was conducted to assess the predictive ability of serum
UCB, CB, and TB for determining the 5-year survival
status. The optimal cutoff values were obtained by calcu-
lating the maximum Youden’s index values, which is the
sum of sensitivity and specificity minus one. The partici-
pants were categorized into two groups, namely low-level
and high-level groups, based on the optimal cutoff values
of serum UCB, CB, and TB. The Kaplan-Meier curves
were plotted, and the differences between low-level and
high-level groups were compared using the log-rank test.
To validate the findings, the median values and tertiles of
serum UCB, CB, and TB were also utilized as cutoff val-
ues in the survival analysis. Furthermore, univariate Cox
regression analysis was performed to evaluate the haz-
ard ratio (HR) of UCB, CB, TB, and clinicopathological
features. Meanwhile, multivariate Cox regression analy-
sis was conducted to determine whether these bilirubin
measurements were independent predictors of survival
after adjusting for clinicopathological features. The nor-
mality of the variables was assessed using the Shapiro-
Wilk test. The Wilcoxon test or Kruskal-Wallis test was
used to compare bilirubin levels with different clinico-
pathological features. The correlation between bilirubin
and other variables was determined using Spearman’s
rank correlation. Statistical analysis was conducted using
R (4.1.0), and plotting was carried out using Prism (9.2.0).
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Cell viability

Human ESCC KYSE150 and KYSE30 cell lines were
purchased from Nanjing Kebai Biotechnology Co., Ltd.
(Nanjing, China) in 2016, and authenticated by a short
tandem repeat (STR) report by Shanghai biowing bio-
technology Co., Ltd (Nanjing, China) in 2019. Cells were
cultured in RPMI Medium 1640, which was supple-
mented with 10% fetal bovine serum (FBS), 100 units/
mL of penicillin, and 100 pg/mL of streptomycin. The
cells were maintained at 37 °C in a humidified incubator
with 5% CO,. The cells were seeded at a density of 5x10?
cells/well in 96-well plates. After incubation for 24 h, dif-
ferent concentrations of UCB (0, 2.5, 5, 10, 20, 40 pM)
were added to the cells, which were then incubated for
24 or 48 h. The MTT assay was performed according to
the manufacturer’s instructions (Beyotime Biotechnol-
ogy, Haimen, China) to evaluate cell viability. In addition,
real-time cell proliferation analysis was performed by
xCELLigence (RTCA) DP instrument (Roche Diagnostics

Table 1 Demographics and characteristics of patients in the

study
Parameters?® Population (%)
n=351
Age (year) Mean/median (range) 61/61 (43-81)
Sex Male 293 (83.5)
Smoking Yes 245 (69.8)
Drinking Yes 229 (65.2)
Tumor thrombus Yes 91 (25.9)
Neural invasion Yes 125 (36)
Tumor grade G1(well differentiation) 35(10.0)
G2(moderately 291 (82.9)
differentiation)
G3(poorly differentiation) 25(7.1)
pN stage® NO 160 (45.6)
N1 114 (32.5)
N2 47 (13.4)
N3 30(8.5)
pT stage® T1 52(14.8)
T2 66 (18.8)
T3 222 (63.2)
T4 11 @3.1)
pTNM stage® TNM | 68 (19.4)
TNM I 102 (29.1)
TNM I 151 (43.0)
TNM IV 30(85)
UCB (uM)® Mean/median (range) 8.36/7.9
(1.0-27.6)
CB (UM)° Mean/median (range) 5.24/4.8
(1.2-16.2)
TB (UM)° Mean/median (range) 13.6/12.9
(3.4-43.8)

2 pN stage, pT stage and pTNM stage were determined according to American
Joint Committee on Cancer 8th edition. ®: UCB: unconjugated bilirubin; CB:
conjugated bilirubin; TB: total bilirubin. The normal ranges of UCB, CB, and TB
are 0-13,0-7,and 0-20 uM, respectively
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GmbH, Mannheim, Germany). Cells were seeded in 16
well microplates (E-plates; Roche Diagnostics, Switzer-
land), at a density of 5x10° cells/well for both KYSE150
and KYSE30 cells. UCB concentrations of 0, 5, 10, and 20
uM were added 24 h subsequent to seeding. The imped-
ance was recorded at 15 min intervals for 120 h, and cell
proliferation curves were drawn. UCB was obtained from
Aladdin Reagent Co., Ltd. (Shanghai, China).

Xenograft mouse model

Forty 5-week-old female BALB/c nude mice (16-19 g)
were obtained from Shanghai SLAC laboratory Animal
Co., Ltd. (Shanghai, China). Animal experiments were
conducted according to the National Institutes of Health
Guide for Care and Use of Laboratory Animals. A total of
3x10° KYSE30 cells were suspended in 200 pL of RPMI
Medium 1640 containing 10% Corning® Matrigel® (NY,
USA) and injected into the flank of the mice. When the
average tumor volume reached over 50 mm?, the xeno-
graft mouse models were randomly and evenly divided
into four groups: a vehicle group (20% 2-Hydroxypropyl-
B-cyclodextrin) and three UCB treatment (17.5, 35, and
70 mg/kg) groups. The high dose of 70 mg/kg UCB was
chosen according to the paper, in which 75 mg/kg was a
non-toxic dose for mouse [17]. Intraperitoneal adminis-
tration of UCB and measurement of tumor size (length
and width) and body weight were conducted every 2
days. After 16 days of UCB intervention, mice were euth-
anized using pentobarbital sodium, followed by cervi-
cal dislocation. At the end of the experiment, blood was
collected through the orbital venous sinus, and the sera
were separated and stored at -80 °C. The tumors were
harvested, weighed, and fixed, embedded in paraffin, and
then sliced into tissue Sect. (4 uM). After hematoxylin-
eosin (HE) staining, a pathologist reviewed all the slides
for tumor differentiation and mitotic cells.

Results

Patient characteristics

A total of 351 patients were enrolled in this study, their
demographics and characteristics were listed in Table 1.
There are 293 (83.5%) males, 245 (69.8%) smokers, and
229 (65.2%) drinkers. The distribution of pathological
TNM stages(pTNM) was: I, 68 (19.4%); II, 102 (29.1%);
III, 151 (43.0%); IV, 30 (8.5%). The distributions of serum
UCB, CB, and TB concentrations were listed in Fig. S1,
and none of them matched a normal distribution. Median
values of serum UCB, CB, and TB were 7.9, 4.8, and 12.9
UM, respectively (Table 1).

Prognostic significance of serum UCB, CB, and TB in ESCC
patients

ROC curve analysis was used to determine the optimal
cutoff values for three serum markers: UCB, CB, and TB,
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which were found to be 6.75, 4.55, and 12.6 uM, respec-
tively (as shown in Fig. S2). Based on these cutoff values,
the study population was divided into low- and high-level
groups. The high-level group for each of these markers
was found to have a significantly better outcome com-
pared to their low-level counterparts, as demonstrated
in Fig. 1 (panels A-C). Specifically, the high-level group
had a higher 5-year survival rate of 44.2% compared to
26.1% in the UCB group, 42.4% compared to 30.7% in
the CB group, and 44.0% compared to 31.2% in the TB
group, respectively. The prognostic significance of the
serum markers was assessed based on their p-values,
with UCB found to have the strongest prognostic signifi-
cance, followed by TB and CB. Further survival analysis
using a median-split approach showed that UCB, CB, and
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TB remained significant prognostic factors (Fig. 1: D-F).
In addition, when the study population was divided into
tertiles based on the concentration of the three forms of
bilirubin, a slight UCB concentration-dependent trend
in survival was observed, while no similar trend was
observed between the concentration of CB (or TB) and
survival (Fig. 1: G-I).

Univariate and multivariate Cox regression analysis

In the univariate Cox analysis, several factors were iden-
tified as significant prognostic factors, including tumor
grade, neural invasion, tumor thrombus, pT stage,
pN stage, pTNM stage, UCB, CB, and TB, as shown in
Table 2. Among them, bilirubin showed a protective role
in survival, with hazard ratio (HR) values of 0.567 (95%

100 UCB_ROC  -*- Low (n=134) 100 CB_ROC -+- Low (n=153) 100 TB_ROC -+- Low (n=169)
S —— High (n=217) [ —— High (n=198) [ P —— High (n=182)
c e e
3 3 3
£ 504 - € 504 0 Tveall . £ 504 ool
s | 0 - ey 3 e T 5 it S
8 TR o <
e p< 0.0001 2 p=0.0146 2 p=0.0006
0 T T . T 0 T T T T ()] T T : T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Survival time in months Survival time in months Survival time in months
_ 100+ UCB_Median -+- Low (n=176) _ 100 CB_Median -*- Low (n=179) _ 100 TB_Median -+- Low (n=178)
[ —— High (n=175) [ —— High (n=172) [ —— High (n=173)
2 2 e
=] =3 =3
® o . o
£ 50 i T £ 504 Seaaeal - € 504 0 Ceea_l
< T S i TP S ke TSR
Q g o
D p=0.0047 2 p=0.0399 2 p=0.004
0 T x 1 . 0 . T r r 0 1 r r r
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Survival time in months Survival time in months Survival time in months
. . ) -+ Low (n=118)
_ 1004 UCB_Tertile - Low(n=116) _ 100, CB_Tertile -t- Low(n=119) __ 1004 TB_Tertile *. Medium (n=116)
.g 7 . M_edium(n=116) s +- Medium(n=119) E \\\ — High (n=117)
s —— High(n=119) > —— High(n=113) I3
3 3 3
£ 501 T s £ 501 M., = s0 L
g e LI g RAttan g e LA
& p=0.0049 & p=0.2596 & p=0.0094
"o 20 %0 60 80 0 20 40 60 80 "o 20 40 60 80

Survival time in months

Survival time in months

Survival time in months

Fig. 1 Survival analysis: Kaplan-Meier curve (log rank test) showed that serum unconjugated bilirubin (UCB), conjugated bilirubin (CB), and total bilirubin
(TB), were associated with the overall survival (OS) in ESCC patients. (A-C): when population was divided into low (< cutoff) and high (> cutoff) level
groups with optimal cutoff values of UCB (6.75 uM), CB (4.55 uM), and TB (12.6 uM), from ROC curve analysis, respectively; (D-F): when population was
split into low and high level groups with median values of UCB (7.9 uM), CB (4.8 uM), and TB (12.9 puM), respectively; (G-1): when population was split into

tertiles
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confidence interval [CI]: 0.424—0.759) for UCB, 0.698
(95% CI: 0.522-0.933) for CB, and 0.602 (95% CI: 0.449—
0.807) for TB. Furthermore, multivariate Cox regression
analysis including UCB and major clinicopathological
features such as tumor grade, neural invasion, tumor
thrombus, and pTNM stage, showed that UCB was an
independent biomarker from pTNM stage and other fea-
tures. Similarly, CB and TB were also separately identi-
fied as independent biomarkers from pTNM stages and
other clinicopathological features, as shown in Table S1.

Combining bilirubin with pTNM stage improved the
survival prediction accuracy and further stratified the risk
in ESCC patients

A multivariate Cox regression model was used to ana-
lyze UCB and pTNM stage, with regression coefficients
of -0.516 and 0.710, respectively. A patient’s risk score
was then derived using the following formula: risk score
= (-0.516 X level of UCB+0.710 X level of pTNM stage)
[18]. ROC curves were drawn for pTNM stage and the
above risk score (combination of UCB and pTNM), and
then their area under the curve (AUC) of ROC curves
were compared using the method established by DeLong
et al.,, [19]. When combined with UCB, the prediction
accuracy of pTNM stage was significantly improved
from to 0.614 (95%CI: 0.554-0.673) to 0.643 (95%ClL:
0.586-0.701) (Fig. 2: A). In subgroups analysis of differ-
ent pTNM stages, UCB had significant stratification for

Table 2 Univariate and multivariate Cox regression analysis
Features

Univariate Cox Multivariate Cox

HR(95%Cl) pValue HR(95%Cl) pValue
Sex 0.971(0.660-1.429)  0.880 -
Age 1.113(0.832-1.489) 0472
Smoking 0.943(0.689-1.289) 0.711
habit
Drinking 1.188(0.871-1.620) 0277
habit
Tumor grade  1.829(1.278-2.620)  0.00097 1.285(0.840- 0.248
965)
Neural 1.931(1.442-2.586) <0.0001 15(0.970- 0.077
invasion 1 781)
Tumor 1.794(1.315-2.448) 0.0002 1.296(0.938- 0.116
thrombus 1.791)
pT stage 1.527(1.247-1.870) <0.0001
pN stage 1.862(1.612-2.151) <0.0001 -
pTNM 2.057(1.703-2.484) <0.0001 1.809(1.469- <0.0001
2227)
ucB 0.567(0.424-0.759) 0.0001 O 605(0 451- 0.0008
12)
CB 0.698(0.522-0.933) 0.0151
B 0.602(0.449-0.807)  0.0007

2 Factors included in the multivariate model were UCB and pTNM stage,
tumor grade, neural invasion, and tumor thrombus, which had significant
prognostic values in the univariate Cox analysis; UCB: unconjugated bilirubin;
CB: conjugated bilirubin; TB: total bilirubin
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pTNM III patients (Fig. 2: D, G, J, and M). Likewise, the
prediction performance of pTNM stage was significantly
improved when combined with CB or TB, with ROC val-
ues increased from 0.634 (95%CI: 0.576-0.692) to 0.639
(95%CI: 0.581-0.697) and 0.643 (95%CI: 0.585-0.700),
respectively (Fig. 2: B, C). Similarly, both CB and TB
were able to further stratify the risk of pTNM III patients
(Fig. 2: E, H, K, and N for CB, F, I, L and O for TB).

Correlation between serum bilirubin biochemical
parameters and clinicopathologic features

There were significantly correlations among UCB, CB,
and TB (Table 3; Fig. 3A-C). We analyzed the correlation
between bilirubin and blood testing parameters related
to liver function, kidney function and blood cell status.
The result showed that the concentration of UCB, CB,
and TB had a significantly positive correlation with that
of albumin (ALB), alanine aminotransferase (ALT), mean
corpuscular hemoglobin concentration (MCHC), hema-
tocrit (HCT), red blood cell count (RBC), hemoglobin
(HB) (Table 3and Fig. 3D-I). Regarding clinicopathologic
features, patients with serum UCB levels above 6.75 uM
had a lower percentage of lymph node metastasis com-
pared to those with lower UCB levels (50.2% vs. 61.2%,
p=0.0478, Fig. S3), while CB and TB showed a non-
significant trend. However, UCB, CB, and TB were not
found to be significantly associated with other clinico-
pathologic features in this study.

UCB inhibited the viability of ESCC cells

The MTT assay results demonstrated that UCB concen-
trations of 2.5, 5, 10, 20, and 40 pM significantly inhib-
ited the viability of ESCC KYSE150 and KYSE3O0 cells in a
dose-dependent manner when incubated for 24 and 48 h,
as shown in Fig. 4A and B. Physiological concentrations
of UCB (2.5, 5, and 10 uM) showed inhibition rates of
47.5%, 54.1%, and 59.5%, respectively, on KYSE150 cells
and inhibition rates of 51.5%, 58.9%, and 69.9%, respec-
tively, on KYSE3O0 cells when treated for 48 h incubation.
Furthermore, the cell index values obtained from xCelli-
gence RTCA system indicated that 10 and 20 uM UCB
had a significant anticancer effect on both ESCC cell lines
(Fig. 4C-D).

UCB inhibited esophageal tumor growth in xenograft
mouse model

The tumor volume-time curve showed that 35 and 70 mg/
kg of UCB significantly inhibited the tumor growth, with
a reduction of 45.5% and 60.0% compared to the control
in the last measurement, respectively, while 17.5 mg/kg
UCB had no significant inhibition (Fig. 5: A, C). Similarly,
the average tumor weights of 35 and 70 mg/kg groups
were significantly decreased by 48.5% and 66.0%, respec-
tively (Fig. 5: B). The pathological analysis indicated UCB
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Fig. 2 ROC curves used to evaluate the predictive accuracy of 5-year survival rates. (A) pTNM stage alone and combined with serum UCB; (B) pTNM stage
alone and combined with serum CB; (C) pTNM stage alone and combined with serum TB. Further stratification in risk by UCB (D, G, J, M), UC (E, H, K, N),

and TB (F, I, L, O) levels for different pTNM stages

treatment significantly reduced the number of mitotic
cells (Fig. 5: D), while did not influence the tumor grade
levels (Fig. 5: E). No significant toxicity was observed in
body weight-time curves or blood chemistry testing in
this study (Fig. 5: F, G).

Discussion
Though increasing evidence reported mildly ele-
vated concentrations of bilirubin are associated with

cancer initiation and progression, few studies have
directly proven the relationship between the prognos-
tic significance and its anticancer property [12, 14—16].
Our study not only investigated the prognostic value of
bilirubin in patients with curatively resected ESCC, but
also further evaluated its potential anticancer role using
in vitro and in vivo models. We found that: (1) higher
preoperative serum bilirubin levels (including UCB, CB,
and TB) were associated with longer survival in ESCC
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Table 3 Correlation analysis of serum UCB, CB, and TB with
biochemical parameters and blood testing parameters in ESCC

patients?
Parameters ucB CB B
UcB r 1.000 0.794 0.968
p value NA <0.0007%*** < 0.,0007****
CB r 0.794 1.000 0915
pvalue  <0.0001**** NA <0.0007%***
8B r 0.968 0915 1.000
pvalue  <0.0001**** <0.0001****  NA
ALB r 0.208 0.135 0.192
pvalue  <0.0001**** 0.0114% 0.0003%**
PA r 0.226 0.103 0.187
p value <0.0001**** 0.0557 0.0004****
AST r 0.082 0.066 0.084
pvalue  0.126 0.221 0.115
ALT r 0.162 0.133 0.161
pvalue  0.0023** 0.0127% 0.0024%*
TBA r -0.014 -0.030 -0.013
pvalue  0.795 0.575 0.805
MCV r -0.052 -0.029 -0.044
p value 0.331 0.587 0.41
MCHC r 0.193 0.178 0.197
p value 0.00028*** 0.00082*** <0.0007****
MCH r 0.047 0.062 0.057
pvalue 0381 0.246 0.29
RDW r -0.076 -0.092 -0.081
pvalue  0.158 0.086 0.13
HCT r 0.205 0.174 0.204
p value 0.0001 1*** 0.0010** 0.00012%**
RBC r 0.247 0.173 0232
p value <0.0001**** 0,001 1** <0.0007%***
HB r 0.265 0.200 0.256
pvalue  <0.0001**** 0.,00017%* <0.0007%***

: Spearman correlation was used, and *: p<0.05, **: p<0.01, ***: p<0.001, ****;
p<0.0001; UCB: unconjugated bilirubin; CB: conjugated bilirubin; TB: total
bilirubin; ALB: albumin; PA: prealbumin; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; TBA: total bile acid; MCV: mean corpuscular volume;
MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; RDW: red blood cell distribution width; HCT: hematocrit; RBC:
red blood cell count: HB: hemoglobin; r: correlation coefficient

patients; (2) patients with UCB levels greater than 6.75
uM had a lower percentage of lymph node metastasis; (3)
physiological concentrations of UCB had an anticancer
effect in ESCC.

Due to the limitation of the TNM staging system in
predicting the prognosis of ESCC, high-throughput
methods, such as genomics [20], proteomics [21], and
metabolomics [22] are wildly used to discovery prom-
ising biomarkers for ESCC. However, these methods
are time-consuming and costly. In contrast to the exist-
ing methods, our study evaluated serum bilirubin as a
convenient and low-cost approach in predicting OS of
curatively resected ESCC patients. In the past, different
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forms of bilirubin, either UCB, or CB, or TB, have been
reported as prognostic biomarker for cancers [11, 15].
Our study showed that the three forms of bilirubin had
positive effect on survival, with UCB as the most signifi-
cant one. Higher serum UCB concentrations were signifi-
cantly associated with the decreased risk of lymph node
metastasis, and our data implied a slight UCB concentra-
tion-dependent survival in ESCC. It might be explained
by that UCB is the main antioxidant and anticancer form
of bilirubin [10, 14].

Though UCB is reported to be an anticancer metabo-
lite, it is unclear whether UCB within physiological range
(0-13 puM) could have anticancer effect in ESCC cells.
McGeary and colleagues discovered UCB as an antioxi-
dant at concentrations of 16—-17 uM [23], and UCB con-
centrations of 25 [14] and 17 uM [16] were reported to
have anticancer effect in cancer colon cells and human
adenocarcinoma, respectively. Our study demonstrated
that UCB concentrations of 2.5, 5, and 10 pM, signifi-
cantly inhibited the viability of ESCC cells in a concen-
tration-dependent manner, indicating that ESCC cancer
cells are sensitive to UCB. Meanwhile, xenograft mouse
model showed that UCB could significantly delay the
growth of tumor in a dose-dependent manner. Together,
our in vitro or in vivo data demonstrated UCB had anti-
cancer effect in ESCC, which could, at least partially,
explain the reason why patients with higher bilirubin lev-
els, especially UCB levels, had better prognosis in ESCC
patients. There is a concern regarding the mechanism
underlying the anticancer effect of bilirubin. There are
several studies reported that the anticancer effects of bili-
rubin are associated with increased reactive oxygen spe-
cies caused by bilirubin [16], and that bilirubin induces
apoptosis of colon adenocarcinoma cells by directly dissi-
pating mitochondrial membrane potential [14]. However,
the detailed molecular mechanisms, especially in ESCC,
are needed to be investigated in the further.

Since bilirubin is proved to be a healthy metabolite in
vivo, there is a potential issue about the factors influ-
encing bilirubin homeostasis. It is well-know that liver
is responsible for bilirubin metabolism and elimination,
and thus hepatobiliary diseases, including parenchymal
liver disease, alcoholic liver disease, and fatty liver dis-
ease, can affect bilirubin levels in the body. The cases in
this study were surgical patients who underwent liver
function assessment prior to surgery, which excluded
patients with severe liver problems. Therefore, in future
studies evaluating the clinical significance of serum bili-
rubin, it is important to take into consideration liver
function assessment. In addition to hepatobiliary disease,
there are two factors that have been associated with bili-
rubin concentrations in humans. On one hand, UCB is a
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Fig. 3 Correlation plotting between the three forms of bilirubin (A-C) and correlation between serum UCB and other biochemical parameters (D-1).

metabolite of heme, which is mainly derived from hemo-
globin found in red blood cells. Therefore, the status of
red blood cells is closely associated with UCB levels [7].
Our data showed that serum bilirubin level was positively
associated with red blood cell related parameters, such as
red blood cell count (RBC), hemoglobin (HB), hematocrit
(HCT), and mean corpuscular hemoglobin concentra-
tion (MCHC). On the other hand, UCB is poorly soluble

in water at physiologic pH, and mainly bound to albumin
(ALB) in circulation [24], our data further showed that
ALB and pre-albumin (PA) concentrations are slightly
correlated with bilirubin levels in vivo (Table 3). It is wor-
thy to explore the regulation mechanisms for bilirubin
homeostasis in depth of in the future.

There were limitations in our present study. On one
hand, our study population is relatively of small size,
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Fig. 4 UCB inhibited the proliferation of ESCC cell lines. Cell viability of KYSE150 and KYSE30 cells was assessed using MTT assay after treatment with O,
2.5,5,10, 20, and 40 uM UCB for 24 h (A) and 48 h (B). The data are presented as mean + SEM. The cell index-time curves were obtained for KYSE150 (C)
and KYSE30 (D) when treated with 0, 5, 10, and 20 uM UCB for 120 h using the xCelligence RTCA system. The arrows indicate the time of adding bilirubin,
and the data are presented as mean. Two-tailed Student’s t-tests were performed between the 0 uM UCB group and other level groups in KYSE150 and
KYSE30 cells. The results are denoted as ** for p < 0.01, *** for p<0.001, and ** for p <0.001. SEM stands for standard error of the mean

focusing curatively resected ESCC patients, and from
one center. A large-scale population-based multi-center
study, which includes more cases in TNM I, II, and 1V, is
needed to confirm the prognostic significance of biliru-
bin in ESCC. On the other hand, we did not demonstrate
detailed molecular mechanisms for the anticancer effect
of UCB in ESCC in the present study.

Our study identified preoperative serum UCB, CB, and
TB as useful and convenient prognostic biomarkers in
patients with curatively resected ESCC, and also discovered
the anticancer effect of UCB in this disease. These findings
provide a better understanding of the biological processes
underlying ESCC and offer a novel insight into the poten-
tial biological function of bilirubin in this condition.



Huang et al. BMC Cancer (2023) 23:706

A
— -e- Control
! -8 17.5mglkg
3 -a- 35 mg/kg
g -9 70 mg/kg
3
[ #
>
5 *
£
S
[

0 5 10 15 20

Time (day)

35 mg/kg >”
70 mglkg . ‘

ns
3
» 10 O 2
& -
@ 1
o
-
o
g s
-1
£
S
=z
Control 17.5 mg/kg 35 mg/kg 70 mg/kg

-
a
k=)

=
=)
=3

50

Relative concentration(100%)

ALT AST TP ALB B

B
1.0 Em control
= 0 17.5 mglk
208 - 3 mg/gg ¢
-
06 T 70 mlkg
5 -
3 *k
= 0.4
[} -
£
S 0.2
[=
0.0 T T
control 17.5 mg/kg 35 mg/kg 70 mg/kg
ucse
D
15 @R control
% e 17.5 mglkg
3 @8 35mg/kg
Sa 10 70 mg/kg
b=
g x
‘s e ol *kk
5 £ 5 T
*kk
: B i -
z
0 T T
control 17.5 mg/kg 35 mg/kg 70 mg/kg
ucB
F
-e- Control
@ -8- 17.5 mg/kg
- -a- 35 mglkg
.'E, -9 70 mg/kg
[
3
>
°
o
[17]
0 5 10 15 20
Time (day)
@B Control
mm 17.5 mg/kg
@8 35 mg/kg
70 mg/kg

ALP BUN CREA UA

Page 10 of 11

Fig. 5 UBC delayed the tumor growth in xenograft mouse model. (A) Tumor volume-time curves, (B) tumor weight, (C) image of collected tumors, and
(D) number of mitotic cells in 10 high power fields, showed a significant inhibition effect of UCB on tumor growth in vivo. (E) There was no change in
tumor grade levels after treating UBC in vivo. (F) Body weight-time curves showed no significant systemic toxicity, and (G) serum chemistry test, indicated
no significant liver toxicity or kidney toxicity after administration of UCB to mice. Liver function related parameters: alanine transaminase (ALT), aspartate
aminotransferase (AST), total protein (TP), aloumin (ALB), total bilirubin (TB), alkaline phosphatase (ALP); kidney function related parameters: blood urea
nitrogen (BUN), creatinine (CREA), uric acid (UA). Data are expressed as mean+SEM. A two-tailed Student’s t-test was used to compare tumor volume,
tumor weight, body weight, and chemistry values between each treated group and the control group. A two-tailed Mann Whitney test was used to
compare the number of mitotic cells between each treated group and the control group. A Chi-Squared test was used to compare grade levels among
the groups. ng: p>0.05, *:p <0.05, **:p <0.01, ***: p<0.001. SEM: standard error of the mean
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