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Objective: To evaluate the diagnostic performance of aldo-keto reductase family 1 member B10 (AKR1B10) in a Beijing cohort with
hepatocellular carcinoma (HCC).

Methods: This study included 521 subjects who visited Peking Union Medical College Hospital from June 2017 to May 2023,
including 109 cases of HCC, 165 cases of healthy controls, 106 cases of benign liver diseases, and 141 cases of other cancers. Serum
AKR1B10 levels were measured and compared across various groups. Diagnostic performances of serum AKR1B10 and other tumor
markers were assessed using receiver operator characteristic (ROC) curves. In addition, a subset of HCC patients who underwent
surgical resection were recruited for clinical follow-up study.

Results: We found that serum AKR1B10 expression was higher in patients with HCC relative to other control groups. The association
between serum AKR1B10 and clinical features of HCC was not observed. Serum AKR1B10 showed a high diagnostic performance
for HCC, and when combined with AFP, the diagnostic effectiveness was significantly improved. Specifically, serum AKR1B10
showed superior diagnostic effectiveness for AFP-negative HCC. The clinical follow-up study indicated a gradual decrease in serum
AKRI1BI10 after surgery.

Conclusion: Our study demonstrated that serum AKR1B10 is a promising biomarker for HCC, and when used in combination with
AFP can significantly improve the detection rate of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a common malignant gastrointestinal tumor. In United States, there would be
approximately 41,210 new cases of HCC and approximately 29,380 deaths caused by HCC in 2023." The situation
seems to be even worse in China. According to a national survey by the National Cancer Center (NCC) of China, there
were an estimated 388,800 new cases of HCC in 2016, ranking the fourth highest number of new cases in all cancers,
while the estimated number of deaths was 336,400, accounting for the second leading cause of death among all cancers.”
The pathogenesis of HCC is complex and diverse, involving numerous environmental factors in addition to genetic
factors. Risk factors for HCC have been identified for several conditions including hepatitis B and C virus infection,
alcohol ingestion, ingestion of the fungal metabolite aflatoxin B1, and non-alcoholic steatohepatitis.> Some treatment
options (curative treatment, palliative treatments, transplantation, and molecular targeted therapy) are now available
based on individual condition. Recently, several studies have indicated that patients may benefit from immunotherapy
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and immune-based combinations, which has shed light on the treatment and management of HCC.*”” Nevertheless, the
occurrence of metastases and recurrences as well as the heterogeneity among patients make the prognosis of HCC still
unsatisfactory.

Patients with HCC in early-stage have the option of surgical resection as the first-line therapy, and the 5-year survival
rate can reach at 70%, while patients with HCC in more developed stages have shorter survival periods and only benefit
from chemoembolization or sorafenib.® Considering the malignancy of HCC, it is critical to accurately identify HCC
patients early in their treatment and prognostic management. Serum alpha-fetoprotein (AFP) is a widely-used biomarker
for HCC in clinical practice at present, but its diagnostic effectiveness for early-stage HCC is remarkably limited.
A meta-analysis indicated that when using AFP to detect early-stage HCC, the sensitivity was 44.4%, the specificity was
84.8% and the area under the curve (AUC) was only 0.52.® Besides, Lens culinaris agglutinin A-reactive fraction of a-
fetoprotein (AFP-L3, an isoform of AFP) and des-gamma-carboxy prothrombin (DCP) have been reported as biomarkers
for HCC, but their lower sensitivity prevents them from being recommended for screening or diagnosis for HCC.’
Notably, with the development of liquid biopsy techniques in recent years, new molecular markers such as circulating
tumor cells (CTCs) and circulating tumor DNA (ctDNA) have made encouraging progress in the diagnosis and prognosis
of HCC." However, drawbacks such as complex operations, expensive costs and difficulties in standardization and
automation may limit their application, especially in clinical laboratories. Consequently, there is an imperative need to
explore new reliable serological markers with desirable diagnostic and prognostic value for HCC.

Aldo-keto reductase family 1 member B10 (AKR1B10), also known as ARL-1, is a NADPH-dependent enzyme
containing 316 amino acids that efficiently reduces aliphatic and aromatic aldehydes and is less active against hexoses.''
AKRIB10 can protect host cells from the toxicity of dietary and lipid-derived unsaturated carbonyls.'? Furthermore,
AKRI1BI10 can exhibit retinaldehyde reductase activity in vivo and in vitro, leading to depletion of retinoic acid, thereby
promoting cell proliferation.'> AKR1B10 has been reported to be expressed predominantly in the small intestine and the
colon, with low expression in the liver but overexpression in HCC."" Several studies have shown that AKRIB10 was
highly expressed in HCC as well as being an indicator of poor prognosis.”'*™” Specifically, some investigations have
pointed out the diagnostic performance of AKR1B10 was superior to that of AFP for early-stage HCC.”'®!? Collectively,
these results highlighted AKR1B10 as a promising biomarker in the diagnosis and prognostic management for HCC.
However, there were also a few studies with conflicting conclusions. Schmitz et al found that higher AKR1B10 was
associated with less malignant tumor behavior in HCC.?® Another study demonstrated that patients with HCC who
underwent curative hepatectomy have better prognosis when having higher expression AKR1B10.>' In this context,
selecting diverse regions and populations to evaluate the clinical performance of serum AKR1B10 is highly meaningful
to clarify its application value in the real-world. In this study, we evaluated the diagnostic performance of serum
AKR1B10 based on HCC and control cohorts in Beijing.

Materials and Methods

Subjects
This study included 521 subjects who visited Peking Union Medical College Hospital from June 2017 to May 2023,
including 109 cases of HCC, 165 cases of healthy controls (HC), 106 cases of benign liver diseases (BLD), and 141 cases
of other cancers (OC). All controls (AC) group was defined as containing all cases from HC, BLD, and OC groups. The
diagnosis of HCC is made according to the combination of patients’ clinical manifestation, imaging, pathological
examination, and laboratory tests, based on the recommended guideline of China.>*> The HC group was originated
from subjects who came to the hospital for their annual physical examination and were confirmed to have no
abnormalities in laboratory indicators and liver imaging. The BLD group included patients with benign liver lesions
such as hepatitis, cirrhosis, hepatic cysts, and hepatic hemangiomas. The OC group recruited patients diagnosed with
other tumors such as lung cancer, gastric carcinoma, colon cancer and breast cancer. Clinical data and laboratory data of
all subjects were extracted through the hospital information system (HIS) and laboratory information system (LIS).
The following laboratory parameters were collected from the subjects: AFP, albumin (ALB), alkaline phosphatase
(ALP), alanine transaminase (ALT), aspartate transaminase (AST), carbohydrate antigen 19-9 (CA19-9),
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carcinoembryonic antigen (CEA), direct bilirubin (Dbil), gamma-glutamyl transpeptidase (GGT), lactic dehydrogenase
(LD), total bilirubin (Tbil), total cholesterol (TC), total triglycerides (TG), and total protein (TP). AFP, CA19-9, and CEA
were measured using Roche Cobas €801 (Roche, Switzerland) while ALB, ALP, ALT, AST, Dbil, GGT, LD, Tbil, TC,
TG, and TP were measured with Beckman AU 5800 (Beckman Coulter, USA). Samples were assayed after satisfactory
quality control (QC) results were obtained. Our laboratory is accredited by China National Accreditation Service for
Conformity Assessment (CNAS) and College of American Pathologists (CAP) and is under their external supervision.

Serum AKRIBI0 Assay
Serum AKR1B10 was measured using the commercial AKRIB10 assay kit (Hunan Light of Life Biotechnology Co.,

Ltd). The methodology of the kit is double antibody sandwich time-resolved fluorescence immunoassay (TRFIA). The
reaction plate of the kit has been pre-coated with rabbit anti-AKR1B10 polyclonal antibody. Firstly, add 100 pL of the
serum samples or AKR1B10 standards (0 pg/mL, 375 pg/mL, 750 pg/mL, 1500 pg/mL, 3000 pg/mL, 6000 pg/mL) to the
microtiter wells in the reaction plate and incubate for 1 h at room temperature with vibration. After undergoing 4 rounds
of washing with washing solution, 100 pL of biotin-labelled murine anti-AKR1B10 monoclonal antibody was added to
the microtiter wells and incubated for 40 min at room temperature with vibration. Subsequently, after 4 rounds of
washing, 100 pL of europium-labelled streptavidin was added to microtiter wells and incubated for 30 min at room
temperature with vibration. After completion of the above incubation, 4 rounds of washing were performed to remove
free streptomycin. Subsequently 100 puL of enhancement solution was added to each microwell for 5 min of incubation
and then the fluorescence values were read using the matching instrument. The fluorescence values of serum samples
were converted to quantitative values of AKR1B10 by the standard curves fitted with standards and their fluorescence
values. For samples with AKR1B10 content greater than 6000 pg/mL, the assays were performed again after appropriate
dilution using saline. The recommended reference interval (RI) for AKR1B10 in the instruction of kit is (0-215) pg/mL.

Clinical Follow-Up Study

After screening, 44 patients with HCC who underwent surgical resection at our institution were enrolled for clinical
follow-up study. Blood was collected and serum was separated for AKR1B10 measurement at three time points: pre-
surgery, 1-2 days after surgery, and 3—4 days after surgery, respectively. Serum AKR1B10 levels were measured as
described above.

Statistical Analysis

The clinical data were collected and processed using Excel 2019 (Microsoft, USA), and statistical analysis was performed
using R Project software (version 4.2.0), RStudio software (Open-Source Edition), and Prism GraphPad software (version
9.0). Comparisons of quantitative data were made using the #-test or Wilcoxon test whereas comparisons of qualitative data
were conducted using the chi-square test. The Spearman correlation analysis was used to calculate the correlation between
serum AKR1B10 and other laboratory indicators. It is considered statistically significant when P<0.05.

Results

Baseline Characteristics of Subjects

The baseline characteristics data of the subjects included in this study were displayed in Table 1. The proportion of males
in the HCC group was significantly higher when compared to the other three groups (all P<0.001). Subjects in the HCC
group were older compared to the HC and BLD groups (both P<0.001), but were not significantly different from the OC
group (P=0.053). Additionally, when comparing to the HC group, the HCC group had higher levels of AFP, ALB, ALT,
AST, CA19-9, CEA, Dbil, GGT, LD, Tbil, and TG as well as lower levels of ALB and TP. When using the BLD group as
the reference, the HCC group had higher levels of AFP, ALB, ALT, AST, CA19-9, CEA, Dbil, GGT, LD, and TG as well
as lower levels of ALB and TP. The HCC group had higher levels of AFP, ALP, ALT, AST, Dbil, GGT, LD, and Thbil
while having lower levels of TC and TG, relative to the OC group.
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Table | The Baseline Characteristics of the Subjects Included in This Study

Variables HCC (n = 109) HC (n = 165) BLD (n = 106) OC (n = 141) P value for P value for P value for
HCC vs HC HCC vs BLD HCC vs OC
Sex, n (%) < 0.001 < 0.001 < 0.001
F 16 (15) 121 (73) 51 (48) 82 (58)
M 93 (85) 44 (27) 55 (52) 59 (42)
Age, Median (Ql, Q3) 57 (50, 63) 33 (28, 40) 43.5 (35, 54.75) 60 (49, 66) < 0.001 < 0.001 0.053
AKRIBI10, Median (QI, Q3) | 361.05 (130.94, 617.51) 87.73 (17.32, 154.15) 0 (0, 96.43) 0 (0, 46.31) < 0.001 < 0.001 < 0.001
AFP, Median (Ql, Q3) 51.45 (5.07, 786.4) 2.1 (1.5, 32) 2.8 (1.8, 3.9) 2.75 (2.2, 428) < 0.001 < 0.001 < 0.001
ALB, Median (Ql, Q3) 43 (40, 46) 46 (44.25, 47) 45 (41.75, 48) 44 (41, 46) < 0.001 < 0.001 0.321
ALP, Median (QI, Q3) 86 (69, 114) 53 (47.25, 64) 78.5 (64.75, 96.5) 79 (62.5, 93) < 0.001 0.035 0.001
ALT, Median (QI, Q3) 28 (20, 45) 14 (11, 18) 21.5 (15, 33) 15 (11, 20) < 0.001 0.001 < 0.001
AST, Median (QI, Q3) 32 (24, 49) 17 (16, 20) 24 (19, 32) 19 (17, 22) < 0.001 < 0.001 < 0.001
CAI19-9, Median (Ql, Q3) 20.1 (945, 28.8) 5.6 (3.05, 12.4) 11.25 (8.3, 18.6) 13.6 (6.6, 28) < 0.001 0.007 0.222
CEA, Median (QI, Q3) 2.49 (1.82, 3.3) 1.39 (1.1, 1.8) 1.44 (0.98, 1.87) 2.66 (1.93, 4.89) < 0.001 < 0.001 0.102
Dbil, Median (QI, Q3) 5.6 (4.3,7.6) 39 (3.1, 4.58) 4.9 (3.5, 6.45) 4 (3.1, 48) < 0.001 0.015 < 0.001
GGT, Median (Ql, Q3) 46 (32, 99) 14 (12, 20) 23.5 (17, 37) 20 (15, 32) < 0.001 < 0.001 < 0.001
LD, Median (Ql, Q3) 192 (173, 222) 163 (148, 179) 178 (154.5, 212.25) 181 (161.5, 200.5) < 0.001 0.039 0.002
Tbil, Median (QI, Q3) 14.4 (12, 19.5) 1.4 (88, 13.8) 14 (9.75, 18.5) 11.6 (88, 15.1) < 0.001 0.225 < 0.001
TC, Median (QI, Q3) 4.07 (3.53, 4.79) 4.39 (3.92, 4.95) 4.39 (3.84, 5.08) 4.4 (3.94, 5.32) 0.102 0.213 < 0.001
TG, Median (Ql, Q3) 1.05 (0.77, 1.61) 0.74 (0.57, 1.02) 0.86 (0.68, 1.3) 1.19 (0.92, 1.69) < 0.001 0.107 0.041
TP, Median (Ql, Q3) 71 (66, 75) 73 (70, 75) 72 (69, 75) 70 (65, 73) 0.011 0.089 0.185

Abbreviations: HCC, hepatocellular carcinoma; HC, healthy controls; BLD, benign liver diseases; OC, other cancers; AKRIBIO, aldo-keto reductase family | member BI0; AFP, alpha-fetoprotein; ALB, albumin; ALP, alkaline
phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; Dbil, direct bilirubin; GGT, gamma-glutamyl transpeptidase; LD, lactic dehydrogenase; Tbil, total

bilirubin; TC, total cholesterol; TG, total triglycerides; TP, total protein.
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Repeatability Validation of Serum AKRIBIO Assay

To confirm the analytical stability of the serum AKR1B10 kit, we selected three samples (high, medium, and low levels
of AKR1B10, respectively) for repeatability validation. The above three samples were assayed for 12 repetitions using
the kit and the coefficient of variation (CV) values were then calculated. The analytical results were presented in Table
S1. The CV values for samples with high, medium, and low concentrations of AKR1B10 were 6.24%, 3.18% and 0,
respectively. The above CV values were below the performance indicator (10%) which claimed in the instruction of kit,

indicating that the kit can stably detect the level of AKR1B10 in serum samples.

Elevated Serum AKRIBIO in Patients with HCC

Serum AKR1B10 was measured for all subjects in this study using the kit. As shown in Figure 1 and Table 1, the levels
of serum AKR1B10 were significantly higher in the HCC group (median: 361.05 pg/mL) than in the HC (median: 87.73
pg/mL, P<0.001), BLD (median: 0 pg/mL, P<0.001) and OC (median: 0 pg/mL, P<0.001) groups. After performing
multiple regression analyses adjusted for sex and age, serum AKR1B10 remained elevated in the HCC group relative to
the HC (P<0.001), BLD (P=0.014), and OC (P<0.001) groups.

Association Between Serum AKRIBIO with Clinical Features in Patients with HCC
To investigate the correlation between serum AKR1B10 and clinical features in patients with HCC, we first analyzed the
correlation between serum AKR1B10 and laboratory indicators in HCC group. As shown in Figure 2, the results
indicated that serum AKRIB10 did not correlate with selected laboratory parameters regarding liver function, tumor
markers and lipid metabolism. Furthermore, we analyzed the correlation between serum AKRIB10 and clinicopatholo-
gical parameters of HCC. As depicted in Table 2, serum AKR1B10 did not correlate with age, sex, HBV, tumor
differentiation and tumor size.

Diagnostic Performance of Serum AKRIBIO for HCC

To sufficiently evaluate the diagnostic performance of AKR1B10 in HCC, we used receiver operator characteristic (ROC)
curves to compare the diagnostic values of serum AKR1B10 with that of AFP, CEA, and CA19-9. When the HC group was
used as the reference, AFP (AUC=0.920) and AKR1B10 (AUC=0.820) have higher diagnostic effectiveness while CEA and
CA19-9 have relatively lower diagnostic effectiveness (Figure 3A). Similarly, AFP (AUC=0.877) and AKRI1BI0
(AUC=0.834) have relatively higher diagnostic values for HCC when compared with the BLD group (Figure 3B).
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Figure | Serum AKRIBIO levels in various groups.
Abbreviations: AKRIBI0, aldo-keto reductase family | member B10; HCC, hepatocellular carcinoma; HC, healthy controls; BLD, benign liver diseases; OC, other cancers.
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Figure 2 Correlation of serum AKRIBI0 with other laboratory indicators.

Abbreviations: AKRIBI0, aldo-keto reductase family | member B10; ALT, alanine transaminase; TP, total protein; ALB, albumin; GGT, gamma-glutamyl transpeptidase; ALP,
alkaline phosphatase; AST, aspartate transaminase; LD, lactic dehydrogenase; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9;
Tbil, total bilirubin; Dbil, direct bilirubin; TC, total cholesterol; TG, total triglycerides.

Interestingly, when compared to the OC group, serum AKR1B10 exhibited the highest diagnostic effectiveness (AUC=0.882,
Figure 3C). Furthermore, when we used the AC as the reference group, the ROC curve demonstrated the higher diagnostic
values of AFP (AUC=0.896) and ARK1B10 (AUC=0.845) in comparison to CEA and CA19-9 (Figure 3D). The detailed
diagnostic parameters were shown in Table 3. In view of these results, we further evaluated the effectiveness of
a combination of AFP and ARKI1BI10 in the diagnosis of HCC. The results showed that when combining AFP with
ARKI1BI10, satisfactory diagnostic performances were presented for all comparison groups (Figure 3E-H).
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Table 2 Association Between AKRIBIO Expression and the
Clinicopathological Parameters of HCC Patients

Parameters No. of Patients ARKIBIO0 P value
Negative | Positive

Age 0.301
<60 69 19 50

260 40 13 27

Sex 0.477
Male 93 29 64

Female 16 3 13

HBV 0.227
Negative Il | 10

Positive 98 31 67
Differentiation 0.866
Poor 15 4 Il

Moderate 70 21 49

Well 13 3 10

Tumor size 0.736
<3 cm 30 8 22

23 cm 70 21 49

Abbreviations: AKRIBI0, aldo-keto reductase family | member B10; HBV, hepatitis B virus.

Diagnostic Performance of Serum AKRIBIO in AFP-Negative HCC

To fully understand the clinical application values of indicators, we calculated the positive rates of AKR1B10, AFP,
CEA, and CA19-9 based on clinical reference interval in HCC cohort. The results revealed that serum AKR1B10 had the

highest positive rate with respect to other tumor markers (Table 4). Remarkably, AFP, the most widely used biomarker
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Figure 3 Diagnostic performance of serum AKRIBI0, AFP, CEA, and CA19-9 in HCC. (A-D) ROC curves of serum AKRIB10, AFP, CEA and CA19-9 differentiating HCC
from HC, BLD, OC, and AC groups; (E-H) ROC curves of combining serum AKRIBI0 with AFP differentiating HCC from HC, BLD, OC, and AC groups.
Abbreviations: HCC, hepatocellular carcinoma; HC, healthy controls; BLD, benign liver diseases; OC, other cancers; AC, all controls; AKRIBI0, aldo-keto reductase
family | member B10; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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Table 3 Diagnostic Parameters of AKRIBI0, AFP, CEA, and CA19-9 to Distinguish
HCC Group from Control Groups

Group Indicators Cut-off Value | Sen Spe PPV | NPV
HCC vs HC AKRIBIO 21545 0.71 0.96 0.92 0.83
AFP 4.25 0.8l 0.91 0.85 0.88

CEA 1.62 0.83 0.68 0.64 0.86

CAI9-9 11.45 0.69 0.74 0.63 0.79

AFP+AKRIBI0 0.33 0.90 0.96 0.93 0.93

HCC vs BLD AKRIBIO 7331 0.71 0.85 0.82 0.75
AFP 7.95 0.96 0.68 0.72 0.95

CEA 1.85 0.74 0.73 0.53 0.88

CAI9-9 14.10 0.70 0.62 0.42 0.84

AFP+AKRIBIO 0.31 0.85 0.86 0.88 0.83

HCC vs OC AKRIBIO 51.91 0.77 0.89 0.90 0.75
AFP 7.30 0.96 0.69 0.67 0.96

CEA 4.09 0.32 0.84 0.67 0.55

CAI9-9 9.00 0.40 0.80 0.65 0.59

AFP+AKRIBIO 0.58 0.86 0.94 0.96 0.82

HCC vs AC AKRIBIO 219.94 0.71 0.91 0.68 0.92
AFP 7.45 0.69 0.97 0.87 0.90

CEA 1.63 0.83 0.51 0.36 0.90

CAI9-9 I1.55 0.69 0.63 0.39 0.85

AFP+AKRIBIO 0.12 0.89 0.91 0.77 0.96

Abbreviations: Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive
value; HCC, hepatocellular carcinoma; HC, healthy controls; BLD, benign liver diseases; OC, other cancers;
AC, all controls; AKRIBIO, aldo-keto reductase family | member BI0; AFP, alpha-fetoprotein; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.

Table 4 Positive Rates of Serum AKRIBI10, AFP, CEA, and CA19-9 in HCC Patients

Indicators Positive Cases | Negative Cases | Total Case | Positive Rate
AKRIBIO 77 32 109 70.60%
AFP 59 49 108 54.60%
CEA 10 95 105 9.50%
CAI9-9 20 83 103 19.40%

Abbreviations: AKRIBI0, aldo-keto reductase family | member BI10; AFP, alpha-fetoprotein; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.

for HCC today, was within the reference range (0—20 ng/mL) in nearly half of the HCC cases in this study. Moreover, we
evaluated the diagnostic performance of serum AKR1B10 in AFP-negative HCC. The results of ROC analysis implied
that serum AKR1B10 exhibited favorable diagnostic effectiveness for AFP-negative HCC in all comparison groups
(Figure 4 and Table 5).

Clinical Follow-Up Analysis of Serum AKRIBI0
Serum AKRIBI10 levels in 44 HCC patients who underwent resection at pre-surgery, 1-2 days after surgery, and 3—4

days after surgery were displayed in Figure 5A. A gradual decrease in serum AKR1B10 could be observed in HCC
patients after undergoing surgical resection, suggesting that serum AKR1B10 levels may be influenced by the presence or
absence of tumors. When the serum AKR1B10 levels were categorized as negative or positive according to cut-off value
provided in the instruction, the proportions of patients who were positive for serum AKR1B10 showed the same
decreased trend after surgery (Figure 5B).
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Figure 4 Diagnostic performance of serum AKRIBI0 in AFP-negative HCC. (A-D) ROC curves of serum AKRIBI0 differentiating AFP-negative HCC from HC, BLD, OC,
and AC groups.

Abbreviations: HCC, hepatocellular carcinoma; HC, healthy controls; BLD, benign liver diseases; OC, other cancers; AC, all controls; AKRIBI0, aldo-keto reductase
family | member BI0.

Discussion

Owing to the highly malignant nature of HCC, it has been a hot topic to explore new biomarkers for the diagnosis and
prognosis for HCC in recent years. In this study, we evaluated the usefulness of serum AKRIBI10 as a potential
biomarker in a Beijing cohort with HCC. We found that serum AKR1BI10 expression was higher in patients with
HCC relative to healthy controls, benign liver disease controls, and other tumor controls. The association between serum
AKR1BI10 and clinical features of HCC was not observed. Serum AKR1B10 showed a high diagnostic performance for
HCC, and when combined with AFP, the diagnostic effectiveness was significantly improved. Specifically, serum
AKRI1BI10 showed superior diagnostic effectiveness for AFP-negative HCC. The clinical follow-up study indicated
a gradual decrease in serum AKRIBI10 after surgery. These findings could lay the foundation for further clinical
applications of serum AKRI1B10 in HCC.

There are numerous methods to detect the expression level of AKRIB10 and evaluate its application for HCC.
Previous studies have confirmed that AKR1B10 was higher in HCC tissues than in non-cancerous tissues and was
associated with prognosis.'®**** However, the use of immunohistochemical method to detect AKR1B10 expression in
tissues is severely limited by the requirement of obtaining biopsy tissues and the difficulty of dynamically assessing the
prognosis. It can also be noted that some studies have used reverse transcription-quantitative polymerase chain reaction
(RT-PCR) method to examine the expression of AKRIBI10 in tissues.”>*° Nevertheless, its cumbersome operating
procedures and the lack of standardization make it unsuitable for large-scale application. In this study, we measured
serum AKR1B10 levels in subjects using commercially available kit. From the perspective of sample type, serum
samples are easy to obtain non-invasively and can be used for prognostic monitoring. The commercial kit based on the
TRFIA method offers the advantages of accuracy, convenience, standardization, high throughput, and rapid analysis. In
the pre-experimental phase, we selected samples with high, medium, and low concentrations to evaluate the

Table 5 Diagnostic Parameters of Serum AKRIBIO to
Distinguish AFP-Negative HCC Group from Control Groups

Group Cut-off Value | Sen | Spe | PPV | NPV
HCC vs HC 218.88 0.71 | 0.96 | 0.83 | 0.92
HCC vs BLD 129.67 0.79 | 0.78 | 0.88 | 0.63
HCC vs OC 83.39 0.82 | 0.82 | 093 | 0.6l
HCC vs AC 223.36 0.71 | 091 | 049 | 0.96

Abbreviations: Sen, sensitivity; Spe, specificity; PPV, positive predictive value;
NPV, negative predictive value; HCC, hepatocellular carcinoma; HC, healthy
controls; BLD, benign liver diseases; OC, other cancers; AC, all controls;
AKRIB10, aldo-keto reductase family | member BI0.
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Figure 5 Changes in serum AKRIBI0 levels before and after surgery. (A) Serum AKRIBI0 levels in HCC patients who underwent resection at pre-surgery, |1-2 days after
surgery, and 3—4 days after surgery; (B) Positive proportions of serum AKRIBI0 in HCC patients who underwent resection at pre-surgery, |-2 days after surgery, and 3—4
days after surgery.

Abbreviations: T0, pre-surgery; T1, |-2 days after surgery; T2, 3—4 days after surgery; AKRIBI0, aldo-keto reductase family | member BI0.

reproducibility of the kit. The results showed that the CV values of all three samples were less than 10%, reflecting the
satisfactory reproducibility of the kit. It also provided the methodological basis for the broad clinical application of serum
AKRIBI10.

Serum AKR1B10 in patients with HCC exhibited higher level when comparing with HC, BLD and OC groups. This
was consistent with some previous reports.”'* Mechanistically, AKR1B10 can be induced by epidermal growth factor
(EGF) and insulin through the activator protein-1 (AP-1) mitogenic signaling pathway in the progression of HCC.?’
Zhang et al reported that AKRI1B10 was an essential downstream target of AU-rich binding factor 1 (AUF1) and was
critical for maintaining E2F1-AUF1-induced proliferation and drug resistance of HCC cells.”® Consistently with this,
another study also demonstrated that silencing AKR1B10 could attenuate the malignant phenotype of HCC, including
increased apoptosis, inhibition of colony formation, and enhanced -cytoreductive response to doxorubicin
chemotherapy.'® Taken together, these findings suggested that AKR1B10 could play an influential role in the oncogeni-
city of HCC. Furthermore, in this study, we also revealed that serum AKRIB10 level in patients with HCC did not
correlate with laboratory indicators and clinicopathological parameters. It implied that serum AKRIB10 might be an
independent laboratory indicator of HCC. Considering the limited number of cases and the restricted clinical data in this
study, future large-scale multicenter studies are still warranted.

In assessing the diagnostic effectiveness of serological tumor markers in HCC, AUC values for AFP and AKRI1B10
were higher than those for CEA and CA19-9. It suggested that AFP and AKR1BI10 harbored great potential in the
diagnosis of HCC. Interestingly, when using the OC group as the reference, the diagnostic performance of AKR1B10
was more superior than AFP. This finding highlighted the potential advantage of AKR1B10 in distinguishing HCC from
other cancers. In a meta-analysis conducted by Wang et al, serum AKR1B10 had a pooled sensitivity of 0.80 (95% CI:
0.70-0.86), a pooled specificity of 0.87 (95% CI: 0.77—-0.93), and a pooled AUC value of 0.89 (95% CI: 0.86—0.92) in the
diagnosis of HCC.?® This is consistent with our results. Regarding sensitivity and specificity, our study revealed that
serum AKR1B10 possessed high specificity but relatively low sensitivity whereas serum AFP showed the opposite trend
based on the cut-off values from ROC curves. We speculate that there are several reasons that might explain this
observation. From the perspective of data distribution, the measured values of AKR1B10 were highly skewed in this
study. Notably, there were numerous subjects in the HC group who also had elevated serum AKR1B10. Nevertheless,
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they all derived from a population with normal results of medical examinations, and there was no definitive evidence of
liver diseases. This means that other physiological or pathological factors may exist which could affect the secretion or
metabolism of AKR1B10. On the other hand, the diagnostic parameters of AFP in the present study seem to be higher
than previously reports.’>*' This may be related to the unique clinical features of the subjects we studied. Healthy
individuals in the HC group had normal results for most laboratory parameters, including AFP. Most patients in the BLD
group did not have severe liver injury and did not have an indication of developing HCC. And, most of patients in the OC
group did not have liver metastases from their primary tumors. Furthermore, when we tried to combine AFP with
AKRI1BI10 for the diagnosis of HCC, we were surprised to discover that the diagnostic effectiveness was greatly
improved relative to the individual indicators (all AUC >0.9). It reflected that the combined use of AFP and
AKRI1BI10 for the diagnosis of HCC in the real-world may help to increase the detection rate of HCC, thereby
contributing to early intervention and personalized treatment.

AFP is the most widely used tumor marker for HCC in clinical practice at present. However, it was reported that only
33-65% of patients with tumors <3cm in size had elevated AFP levels, whereas approximately 30% of patients with
HCC were within the normal reference range for AFP.*? In line with the above observation, our study also found nearly
half of the cases showed AFP levels below the clinical cut-off value (20 ng/mL). In this case, if the diagnosis is made
solely on the serum AFP, it would result in a significant portion of patients with HCC being underdiagnosed and losing
the opportunity for early intervention. Fortunately, we discovered that serum AKR1B10 exhibited a comparatively high
diagnostic value for AFP-negative HCC. These results further confirmed the fact that serum AKR1B10 can serve as
a powerful complement to AFP for the diagnosis of HCC.

We also found that serum AKR1B10 levels tended to be decreased after surgical resection in 44 patients who were
followed up. When serum AKR1B10 was qualitatively analyzed at the cut-off value recommended by the instruction, the
positive rates of AKR1B10 decreased significantly after surgical resection. It suggested that serum AKR1B10 levels may
be influenced by the presence or absence of tumors. In other words, serum AKR1B10 levels may be decreased when the
tumor is cleared. On this basis, serum AKRIB10 seems to have a potential correlation with the prognosis of HCC
patients. As for the role of serum AKRIB10 in the prognostic assessment of HCC, previous reports were contradictory.

Some studies”!4 !¢

20,21

pointed out that high expression of serum AKRIBI10 predicted poor outcome while several
investigations supported that high expression of AKRIB10 was beneficial for survival in HCC. A recent study
that included 273 patients with primary HCC followed for 2 years concluded that serum AKR1B10 was an independent
biomarker of unfavorable prognosis for HCC.'” Thus, more studies covering various populations and different follow-up
periods are still needed to clarify this aspect.

This study confirmed the superior diagnostic effectiveness of serum AKRIB10 in the diagnosis of HCC, especially
for AFP-negative HCC, based on a Chinese cohort. Serum AKR1B10 could be used in combination with AFP in the
future to improve the detection rate of HCC. Meanwhile, clinical follow-up analysis also implied a correlation between
serum AKRIBI10 levels and tumor clearance. These interesting findings suggested the potential of serum AKR1B10 as
a prospective biomarker for HCC. However, there are still some knowledge gaps regarding AKR1B10 at present. For
example, the biological functions and molecular regulatory mechanisms of AKR1B10 in HCC are still not fully
elucidated. Previous studies have shown that multi-omics techniques can be used to explore key molecular pathways
and genetic signatures.®>>** Thus, these issues could be investigated in the future through subtle cellular and animal
experiments combined with multi-omics studies. Furthermore, it is difficult to explain that a proportion of patients with
HCC do not have increased levels of serum AKR1BI10. The co-morbidities and genomic variants of these patients
deserve further study. Based on the complexity and aggressiveness of HCC as well as the heterogeneity among patients,
the current clinical tumor markers appear to be underpowered. We believe that serum AKRI1BI10 is desirable for
diagnostic and prognostic evaluation of HCC in the next few years along with other biomarkers. On the one hand,
faster detection, higher throughput, and lower costs could be achieved through methodological innovations. On the other
hand, multicenter studies covering larger populations, mixed ethnicities, and various clinical stages should be conducted
to adequately evaluate the clinical value of serum AKR1B10.

Inevitably, there were several limitations in our study. The number of HCC cases included in this study was relatively limited.
Future multicenter studies with large samples could contribute to further subgroup analyses to shed light on the applied value of
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serum AKR1B10 for the diagnosis and prognosis of HCC. In addition, the follow-up period after surgery was relatively short due
to the limited conditions. Follow-up studies with long-term and multiple time points would be helpful to fully estimate the
prognostic value of serum AKR1B10. Furthermore, the diagnostic value of serum AKR1B10 for HCC in early-stage was not
evaluated. The utility of serum AKR1B10 in the recurrence and metastasis of HCC has also not been explored.
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