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Background: Liver cancer as the main leading cancer has caused heavy burdens globally. The prognosis of
liver cancer is closely related with postoperative nutrition support. Corn oligopeptides (COPs) are protein
hydrolysates produced by enzymatic treatments, which have shown potential bioactivities, such as inhibiting
angiotensin I-converting enzyme, resisting lipid peroxidation and anti-oxidant. However, the correlation
between COPs and liver cancer patients is still unknown and the potential mechanism of COPs on liver
cancer is unclear as well. The aim of this study was to assess effects of 7-day intervention of COPs after
surgery on liver function and serum metabolic profiles of liver cancer patients.

Methods: Patients were assigned into COPs intervention group (n=50) and control group (n=91) for
7 days. Investigations were scheduled at 1" day and 7" day after liver resection surgery respectively, mainly
including anthropometric, biochemical indexes and liquid chromatography-mass spectrometry (LC/MS) analysis.
Results: Seven-day supplementation of COPs on early post-surgery liver cancer patients down-regulated
levels of alanine aminotransferase, aspartate aminotransferase, total bilirubin, direct bilirubin and up-
regulated prothrombin time activity and prealbumin levels. LC/MS analysis revealed metabolic signatures
including regulation of 16 metabolites, which was closely related with two metabolic pathways (nicotinate
and nicotinamide metabolism, fatty acid metabolism).

Conclusions: COPs supplementation has displayed the potentials on alleviating the injury of liver function
and it may be due to regulation of fatty acid metabolism, nicotinate and nicotinamide metabolism, lipid
peroxidation and anti-inflammatory action. More researches are warranted in future to confirm the exact

mechanisms.
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Introduction

Liver cancer is the sixth most commonly diagnosed cancer
and the fourth leading cause of cancer death worldwide (1).
953,000 incident cases of liver cancer and 819,000 deaths
were reported globally in 2017 (2). In China, liver cancer
is the fourth most common malignancy and the third
leading cause of tumor-related deaths (3). The mortality
of liver cancer varies considerably across the world, with
the highest observed in East Asia (4). Hepatectomy is
the most common approach for achieving long-term
survival for liver patients, which include hepatectomy and
liver transplantation (3). Postoperative nutrition support
often leads to better prognostic significance in clinical
outcome in surgical patients diagnosed with cancer (5-7).
Researchers have found that dietary natural products could
be potential sources for the prevention and treatment of
liver cancer (8).

Bioactive peptides have received great attention because
of its beneficial effects on human health for many years (9).
Researches in vitro and in vivo have demonstrated that
bioactive peptides can exhibit anti-oxidant, angiotensin-
converting enzyme-I inhibitory activity and anti-
inflammatory, anticancer and immunomodulatory (10-12).
In addition, addition of protein-enriched enteral nutrition
improved postoperative recovery for patients with primary
liver cancer (7). Corn oligopeptides (COPs) are protein
hydrolysates produced by enzymatic treatments (13).
COPs have been reported to have significant bioactivities,
such as inhibiting angiotensin I-converting enzyme (14),
resisting lipid peroxidation (15), anti-oxidant (16) and
facilitating alcohol metabolism (17). Animal experiments
have shown that COPs alleviated hepatic tissue damage
on alcoholic animal model and improved the abnormal
lipid metabolism (13,18). The in vitro study demonstrated
that COPs significantly prevented the cytotoxicity and
displayed potential hepatoprotection in ethanol-induced
HepG2 cells (19).

Nutritional metabolomics was defined as “use of small
molecule chemical profiling to integrate diet and nutrition
in complex biosystems” (20). Nutritional metabolomics is
now widely used for exploring the complicate connections
between diet and the human organism (21). It provides
nutrition assessment and potential relevant metabolic
pathways by measuring small molecules, such as saliva,
plasma, urine, tissues and blood (22). A study of whole
grain carried out on 33 postmenopausal Finnish women
demonstrated favorable changes in branched amino acid
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and single carbon metabolism (23). Another clinical trial
measured 296 serum metabolites among healthy controls
and T2D patients and identified the strongest biomarker
of fish oil intake (24). The metabolomics approach could
be used to explore the roles that COPs played in regulation
metabolism of patient with liver cancer.

In summary, the additional nutritional support for liver
cancer patients after surgery is necessary, especially for
early post-surgery nutritional support. COPs as a functional
peptide has displayed potentials on anti-cancers mostly
reported in animal studies. However, there is no clinical
study to the correlations between COPs and liver cancer
so far. The present study aims to investigate the potential
beneficial of COPs supplementation on liver cancer
patients after surgery. We conducted supplementation of
COPs among liver cancer patients after surgical resection
to explore the regulation mechanisms of COPs during
recovery through an untargeted metabolomics approach.
We present the following article in accordance with the
CONSORT reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-21-116/rc).

Methods
Participants

The trial was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
the Ethics Committee of National Cancer Center/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College (permission code: 17-035/1290) and
the written informed consent was obtained from all patients.
According to inclusion and exclusion criteria, 160 patients
were included in the study. Patients were allocated according
to a randomly generated number sequence to the control
group (Group A) or to the intervention group (Group B).
Neither patients nor surgeon, nor researcher knew whether
the patient will be in the control or intervention group.
Ultimately, 141 patients recruited from the Cancer Hospital
Chinese Academy of Medical Sciences between November
2017 and July 2019. The Inclusion and the exclusion criteria
were as follows.

The inclusion criteria: (I) aged 18-75 years old; (II)
patients with primary liver cancer diagnosed by “Practice
guidelines for the pathological diagnosis of primary liver
cancer” [2015] (25), histopathology or cytology; (I1I)
judged to be resectable (RO resection) before the surgery;
(IV) no evidence of distant metastasis; (V) prior systemic
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therapy was not accepted; (VI) liver function evaluated
as Child-Pugh Class A and Child-Pugh status should be
calculated based on clinical findings and laboratory results
during the screening period; (VII) Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1;
(VIII) Nutritional Risk Screening (NRS) <3; (IX) no serious
heart, lung, liver and kidney dysfunction, jaundice, ascites
and digestive tract obstruction and no acute infection;
(X) no chemotherapy and radiotherapy; (XI) adequate
bone marrow, liver, and renal function as assessed by the
following laboratory tests conducted within 7 days before
randomization; (XII) signed informed consent; (XIII) life
expectancy of at least 6 months.

The exclusion criteria: (I) a known history of
immunodeficiency or autoimmune disease (e.g., rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, insulin-dependent diabetes mellitus, etc.); (II)
unstable angina or myocardial infarction within the past
6 months before randomization, or congestive heart failure
with New York Heart Association (NYHA) class >2; (III)
uncontrolled hypertension (systolic blood pressure >150 mmHg
or diastolic pressure >90 mmHg despite optimal medical
management); (IV) abnormal coagulation function
[international normalized ratio INR) >1.5 or active partial
thromboplastin time (APTT) >1.5x upper limit of normal
(ULN)], bleeding tendency, receiving thrombolytic,
anticoagulant therapy or with known inherited or
acquired bleeding and thrombosis, such as hemophilia,
blood coagulation dysfunction, thrombocytopenia, the
splenic function, etc.; (V) arterial or venous thrombotic or
embolic events such as cerebrovascular accident (including
transient ischemic attacks), deep vein thrombosis, or
pulmonary embolism within 6 months before the start of
study medication; (VI) with any history of other cancer
in the past 3 years (except adequately treated basal cell or
squamous cell skin carcinoma or in-situ cervix cancer);
(VII) chemotherapy, radiotherapy, molecular targeted
therapy, bio-immunotherapy, or hormone therapy within
1 month before randomization; (VIII) history of severe
allergy; (IX) history of severe mental illness; (X) breast
feeding or pregnancy; (XI) has participated in another
clinical trial within 4 weeks; (XII) known history of human
immunodeficiency virus infection or syphilis; (XIII) sepsis
and other non-controlling infectious fever; (XIV) history of
organ allograft and bone marrow transplant; (XV) history
of substance abuse or alcohol abuse; (XVI) considered poor
compliance or refused to sign the informed consent.
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Study design

Figure 1 illustrates the study process; 19 patients were loss of
follow-up, of which 1 patient did not meet inclusion criteria,
due to personal reasons, 1 patient withdrew from the study,
and 17 patients were absence of serum samples. Finally, all
subjects were randomly assigned into corn oligopeptides
(COPs) intervention group (n=50) and the control group
(n=91). During the 7-day intervention, all subjects were
treated only with the same enteral nutritional powder and
same parenteral nutrition, and no other food consumption
was provided. Both groups received 20 kilocalories (kcal)/kg
daily, and enteral and parenteral nutrition provided 50%
calories respectively. For enteral feeding, the intervention
group (TI) was treated with Intacted Protein Enteral
Nutrition Powder (Nutrison, Milupa GmbH, Germany)
enriched with 8g COPs (China National Research Institute
of Food and Fermentation), and the control group (CI)
received Intacted Protein Enteral Nutrition Powder
along per day for 1 week after surgery. Investigations were
scheduled at 1% day and 7" day after surgery. After a 12-hour
overnight fast, blood samples were collected in the peripheral
vein for further analysis. Serum samples separated for the
analysis of metabolites were frozen at -80 °C.

Detection of anthropometric and biochemical indexes

A general health examination including registration of
body weight, height, Smoke and drink was collected
before the intervention. In addition, we examined the liver
function [serum levels of aspartate transaminase (AST),
alanine aminotransferase (ALT), total bilirubin (TBIL),
prothrombin time (PT) and a-fetoprotein (AFP)] as the
main outcomes. Serum concentrations of total cholesterol
(TC), triglyceride (T'G), CA19-9 (a tumor marker), blood
urea nitrogen (BUN), hemoglobin (HGB) were assessed as
the secondary outcomes with an auto-analyzer.

Extraction and derivatization of metabolites

Metabolites extraction

50 pL of each serum sample was transferred to an EP tube.
After the addition of 200 pL of extract solution (acetonitrile:
methanol =1:1, containing isotopically-labelled internal
standard mixture), the samples were vortexed for 30 s,
sonicated for 10 min in ice-water bath, and then incubated
for 1 h at -40 °C to precipitate proteins. Then the sample was
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Consented and assessed for eligibility (N=160)

Excluded (N=19)
Did not meet inclusion criteria (N=1)
Withdrew/no longer interested (N=1)
Absent of serum sample (N=17)

Y

141 patients were collected

Y

Data collection

Y

Divided into two groups

Y y

/

TI group (N=50)

Cl group (N=91)

Y y

/

Data analysis

Intervene 7 days respectively

Y

Surgery for liver cancer

Y

Collect data at 7 days after surgery

Figure 1 Participant flow throughout the study. TI, corn oligopeptides intervention group; CI, control group.

centrifuged at 12,000 rpm for 15 min at 4 °C. The resulting
supernatant was transferred to a fresh glass vial for analysis.
The quality control (QC) sample was prepared by mixing an
equal aliquot of the supernatants from all samples.

LC-MS/MS analysis

LC-MS/MS analyses were performed using an UHPLC
system (Vanquish, Thermo Fisher Scientific) with a UPLC
BEH Amide column (2.1 mm x 100 mm, 1.7 pm) coupled to
Q Exactive HFX mass spectrometer (Orbitrap MS, Thermo).
"The mobile phase consisted of 25 mmol/L ammonium acetate
and 25 ammonia hydroxides in water (pH=9.75) (shown with
A below) and acetonitrile (shown with B below). The analysis
was carried with elution gradient as follows, 0-0.5 min with
95% of B, 0.5-7.0 min with 95-65% of B, 7.0-8.0 min with
65-40% of B, 8.0-9.0 min with 40% of B, 9.0-9.1 min with
40-95% of B and 9.1-12.0 min with 95% of B. The column
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temperature was at 25 °C. The auto-sampler temperature was
with 4 °C, and the injection volume was 3 pL.

The QE HFX mass spectrometer was equipped for
its ability to acquire MS/MS spectra on information-
dependent acquisition (IDA) mode in the control of the
acquisition software (Xcalibur, Thermo). In this mode, the
acquisition software continuously evaluates the full scan MS
spectrum. The ESI source conditions were set as following,
sheath gas flow rate as 50 Arb, Aux gas flow rate as 10 Arb,
capillary temperature 320 °C, full MS resolution as 60,000,
MS/MS resolution as 7,500, collision energy as 10/30/60 in
NCE mode, spray Voltage as 3.5 kV (positive) or -3.2 kV
(negative), respectively.

Statistical analysis

Social Sciences software Version 22.0 (SPSS) was used
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for the data analysis. All data are expressed as the mean =
standard deviation. Continuous variables were compared
using independent sample 7-test or Wilcoxon tests,
depending on the results of the normality test; categorical
variables were compared using Chi-squared test, Fisher’s
exact test or Wilcoxon tests. The differential value of
indicators between after intervention and baseline was used
to compare the difference between TI and CI in order
to reduce the effects of imbalance caused by baseline as
well. A P value <0.05 was considered statistically significant.
Multivariate statistical investigations containing principal
component analysis (PCA) and orthogonal projections to
latent structures-discriminant analysis (OPLS-DA) were
carried out using SIMCA software (V15.0.2, Sartorius Stedim
Data Analytics AB, Umea, Sweden). SIMCA software package
was used to determine whether metabolites detected between
groups show significant difference. The supervised OPLS-DA
model was used to obtain maximal covariance between two
groups. The changes of metabolites with variable importance
and in projection (VIP) value >1 in the OPLS-DA model and
the value P<0.05 in the student’s 7-test were considered to be
significantly different. Using Pearson’s correlation analysis
assess the correlations between serum indexes and metabolites,
where P<0.05 was considered significant.

Results
Basic information and effects of COPs on liver cancer patients

Participants before intervention

Of the 141 patients, the average age was 56.65+1.62 years
with the average body mass index (BMI) of 24.09 (22.32-
26.49) kg/m’. Significant differences were observed between
TT and CI in serum TBIL, direct bilirubin (DBIL) and
prothrombin activity (PTA) levels (P<0.05). No difference
was observed between TT and CI groups in volume of
liver resection. No differences in anthropometric indexes
and other serum indexes were observed [weight, BMI,
ALT, AST, albumin (Alb), pre-Alb, creatinine (CREA),
TC, TG, BUN, AFP, CA199, white blood cell (WBC),
neutrophil (NE), red blood cell (RBC), HGB, platelet (PLT),
lymphocyte (LY)], shown in 7able 1. No differences were
observed in smoke/drink information, ECOG performance
status, histopathological scores (shown in Tables 2-4).

Participants after surgery within 7 days

Table 1 compares the serum indexes measured at 7 days

after surgery. Serum ALT (P=0.01) and AST (P=0.01)
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levels show significant changes between TI and CI.
No differences in other serum indexes. In addition, we
compared the difference values of serum indexes between
two investigations in T1, to the difference values of serum
indexes in CI, serum ALT (AP=0.04), AST (AP=0.03), TBIL
(AP=0.00), DBIL (AP=0.01) levels decreased significantly,
serum PTA (AP=0.00), Pre-Alb (AP=0.01) levels increased

significantly. No adverse effects were observed.

Metabolic profiling via liquid chromatography-mass
spectrometry (LC/MS) analysis

To assess systemic variations in small-molecule metabolites
after intervention, we used an unbiased, non-targeted LC/
MS metabolomics approach. The total distribution of
serum samples was shown in Figure 2 [red, blue, purple,
yellow and green spots stand for treatment group before
surgery in serum (TB), treatment group after surgery
for 7 days in serum (TA), control group before surgery
in serum (CB), control group after surgery for 7 days
in serum (CA) and quality control (QC), respectively].
Figure 3 carried out the distribution with PCA and OPLS-
DA methods of each sample. We can see that at 7 days
after surgery, the difference between TT and CI was
larger than before surgery in serum {t(1)p[8.01%], t(1)
pl4.16%]}. Based on the quality set of VIP >1 and P<0.05,
16 metabolites were identified. In the permutation test
for OPLS-DA model of serum samples between TA and
CA, R* and Q’ are very close to the slope of the Y-axis,
indicating that the model is robust (Figure 4). Among them
the relative abundance of 1-Nitrohexane, 5,6-trans-25-
Hydroxyvitamin D3, Levetiracetam, Elaidic carnitine were
decreased, relative abundance of 1-methylnicotinamide,
L-palmitoylcarnitine, Panaquinquecol 1, LysoPE
(16:0/0:0), Glycylproline, Monoglucuronylglycyrrhetinic
acid, Heptadecanoyl carnitine, Stigmastane-3,6-dione,
PC (20:4(8Z,11Z,14Z,172)/20:3(5Z,8Z,11Z)), alpha-
tocopherolquinone, PC (22:6(42,72,102,13Z,16Z,192)/20:
1(11Z)), Naphthoherniarin were increased, shown in 7able 5.
The most significant pathways were plotted in terms of
hypergeometric test p values (cube color) and impact (cube
diameter) (Figure 5). Results showed two major pathways
were altered upon COPS intervention: nicotinate and
nicotinamide metabolism, fatty acid metabolism.

Correlations between metabolites and serum indexes

Figure 6 summarizes the association between metabolites
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Table 1 Anthropometric and biochemical effects of COPs on patients after surgery for 7 days
Baseline 7 days after surgery
Total (N=141)
TI (N=50) CI (N=91) Tl (N=50) Cl (N=91) AP

Men (N=114) Men (N=41) Men (N=73) P Men (N=41) Men (N=73) P

women (N=27) women (N=9) women (N=18) women (N=9) women (N=18)
Age (vears) 56.65+1.62 56.80+2.46 56.57+2.15 0.94
Weight (kg) 70.88+3.76 66.53+2.85 73.30+5.58 0.24
BMI (kg/m?) 25.86+4.30 23.94+0.89 24.06+0.86 0.11
ALT (p/L) 27.96+3.31 27.94+4.71 27.96+4.45 0.58 72.48+16.50 105.13+23.89 0.01 0.04
AST (p/L) 27.50+1.93 28.00+3.16 27.21+2.44 0.78 29.81+5.39 40.10+9.01 0.01 0.03
TBIL (umol/L) 13.89+1.13 16.47+2.52 12.45+0.93 0.01 12.62+2.00 18.73+2.65 0.48 0.00
DBIL (umol/L) 5.36+0.30 6.00+0.56 5.01+0.34 0.01 6.50+0.96 10.79+1.67 0.17 0.01
Alb (g/L) 44.83+0.63 45.16+1.13 44.65+0.74 0.22 34.71+2.05 34.47+1.09 0.88 0.34
Pre-Alb (g/L) 21.93+0.83 21.22+1.43 22.33+1.02 0.20 11.76+1.82 9.86x1.14 0.08 0.01
CREA (umol/L) 76.25+2.60 77.06+5.01 75.81+2.96 0.21 67.57+7.05 82.10+24.67 0.88 0.18
PTA (%) 89.90+2.37 85.16+4.13 92.54+2.75 0.01 73.81+5.47 70.09+2.94 0.68 0.00
TC (mmol/L) 4.76+1.17 4.24+0.21 5.04+1.82 0.49 3.08+0.36 2.78+0.21 0.62 0.25
TG (mmol/L) 1.32+0.11 1.20+0.14 1.38+0.16 0.37 0.94+0.13 1.02+0.12 0.27 0.21
BUN (mmol/L) 5.42+2.62 5.11+0.40 5.34+0.32 0.92 4.16+0.38 4.43+0.31 0.89 0.60
AFP (ng/mL) 9.42 10.09 7.70 0.93 5.18 5.67 0.95 0.15

(3.66-100.20) (3.11-501.60) (3.45-58.20) (2.82-15.27) (2.87-17.32)
CA199 (u/mL) 17.48 19.81 17.37 0.69 25.12 23.62 0.36 0.09

(10.98-32.08) (13.70-33.23)  (11.09-30.49) (11.13-36.18)  (14.69-50.83)
WBC (10°/L) 5.66+0.30 5.47+0.44 5.77+0.39 0.40 7.38+1.46 8.99+0.83 0.19 0.77
NE (10°/L) 3.39+0.92 3.30+0.37 4.28+1.41 0.14 5.31+£1.10 6.73+0.75 0.10 0.87
RBC (10"%/L) 4.73+0.09 4.78+016 4.71+0.12 0.38 3.66+0.38 3.59+0.16 0.09 0.91
HGB (g/L) 147.34+2.66 148.80+4.15 146.53+3.46 0.46 110.81+9.16 112.47+4.52 0.62 0.77
PLT (10°/L) 175.61+10.48 174.57+16.62 176.19+13.55 1.00 180.29+43.18 181.33+283.02 0.86 0.30
LY (10%/L) 2.35+1.47 1.67+0.17 2.73+2.29 0.58 1.32+0.34 3.22+3.99 0.17 0.26

Data subjected to normal distribution are presented as the mean + standard deviation, otherwise expressed as median (inter quartile
range). COPs, corn oligopeptides; Tl, corn oligopeptides intervention group; ClI, control group; P, student t-test, considered as
significance when <0.05; AP, the comparison between the difference of two investigations in Tl and the difference of two measurements
in Cl. BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin;
Alb, albumin; Pre-Alb, Prealbumin; CREA, creatinine; PTA, prothrombin time activity; TC, serum total cholesterol; TG, triglyceride; BUN,
blood urea nitrogen; AFP, alpha fetoprotein; CA199, carbohydrate antigen199; WBC, white blood cell; NE, neutrophil; RBC, red blood

cell; HGB, hemoglobin; PLT, platelet; LY, lymphocyte.

and serum indexes. Spearman’s correlation analysis showed
that the relative abundance of 1-Methylnicotinamide
was positively associated with the serum TG levels but
negatively associated with the serum TBIL and DBIL levels.
Relative abundance of L-palmitoylcarnitine was positively
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correlated with the serum LY levels and the relative

abundance of 1-Nitrohexane was positively correlated
with the serum NE levels. Relative abundance of LysoPE
(16:0/0:0) was positively associated with the serum CA199
level, relative abundance of LY but negatively associated
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Table 2 Smoke/drink information in patients

Group Total (N=141) TI (N=50) Cl (N=91) P
Smoke/drink
Non 78 (55.30) 26 (52.00) 52 (57.10) 0.65
Drink 8 (5.70) 2 (4.00) 6 (6.60)
Smoke 24 (17.00) 11 (22.00) 13 (14.30)
Both 31 (22.00) 11 (22.00) 20 (22.00)

Tl, Corn Oligopeptides intervention group; Cl, control group; P, student t-test, considered as significance when <0.05.

Table 3 ECOG performance status

Group Rank Baseline Baseline 7 days after surgery AP
(N=141) TI (N=50) CI (N=91) P TI (N=49) Cl (N=90) P
ECOG 0 106 (75.20) 39 (78.00) 67 (73.60) 0.57 2(4.10) 6 (6.70) 0.15 0.13
1 35 (24.80) 11 (22.00) 24 (26.40) 37 (75.50) 52 (57.80)
2 10 (20.40) 32 (35.60)

Tl, Corn Oligopeptides intervention group; Cl, control group; P, student t-test, considered as significance when < 0.05; AP, the comparison
between the difference of two investigations in Tl and the difference of two measurements in Cl. ECOG, Eastern Cooperative Oncology Group.

Table 4 The histopathological scores of liver cancer in patients

Group Rank Tl (N=50) Cl (N=90) P
Anatomy 1 6 (12.00) 10(11.10) 047

2 18 (36.00) 34 (37.80)

3 23 (46.00) 29 (32.20)

4 2 (4.00) 3(3.30)

5 0 (0.00) 3(3.30)

6 1 (2.00) 8 (8.90)

7 0 (0.00) 3(3.30)
Microscope 1 6 (12.00) 12(13.30)  0.93

2 15 (30.00) 31 (34.40)

3 23 (46.00) 29 (32.20)

4 4 (8.00) 5 (5.60)

5 1 (2.00) 2 (2.20)

6 1 (2.00) 9 (10.00)

7 0 (0.00) 2 (2.20)

Tl, corn oligopeptides intervention group; Cl, control group; P,
student t-test, considered as significance when <0.05.
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with the serum CREA, TBIL and DBIL levels. Relative
abundance of Panaquinquecol 1 was positively related to the
serum HGB level but negatively related to the serum BUN,
CREA, PLT levels. Relative abundance of Glycylproline
was positively associated with the serum CA199 level.
Relative abundance of 5,6-trans-25-Hydroxyvitamin D3
was positively related to the serum AFP, BUN, DBIL,
TBIL levels but negatively associated with the serum PTA
level. Relative abundance of Levetiracetam was positively
correlated with the serum BUN level but negatively
correlated with the serum ALT" and PTA levels. Additionally,
relative abundance of Monoglucuronylglycyrrhetinic acid
was positively related to the serum AFP, BUN, DBIL, NE,
WABC levels but negatively related to the serum Alb, PTA
and TG levels. Relative abundance of Stigmastane-3,6-
dione was positively associated with the serum HGB level
but negatively associated with the serum CREA and PLT
levels. Relative abundance of PC (20:4(8Z2,1172,147,177)/
20:3(5Z,8Z,11Z)) was positively correlated with the serum
CA199 and LY levels but negatively correlated with the
serum ALT" and TBIL levels. Relative abundance of alpha-
tocopherolquinone was positively associated with the serum
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Figure 2 COPs intervention in patients affects the serum
metabolome. The PCA score plots of total serum samples. TGBSS,
treatment group before surgery in serum; CGBSS, control group
before surgery in serum; T'GASS, treatment group after surgery
for 7 days in serum; CGASS, control group after surgery for 7 days
in serum; QC, quality control; COPs, corn oligopeptides; PCA,

principal component analysis.
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Intercepts: R?Y (cum) = (0,0.68), Q° (cum) =(0, —0.56)
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Figure 4 COPs intervention in patients affects the serum
metabolome. Permutation test charts for OPLS-DA model of
serum samples between TA and CA. TA, treatment group after
surgery for 7 days in serum; CA, control group after surgery for 7
days in serum; COPs, corn oligopeptides; OPLS-DA, orthogonal

projections to latent structures-discriminant analysis.
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Figure 3 COPs intervention in patients affects the serum metabolome. The PCA (left) and OPLS-DA (right) score plots of serum. TGBSS,
treatment group before surgery in serum; CGBSS, control group before surgery in serum; TGASS, treatment group after surgery for 7
days in serum; CGASS, control group after surgery for 7 days in serum; QC, quality control; COPs, corn oligopeptides; PCA, principal

component analysis; OPLS-DA, orthogonal projections to latent structures-discriminant analysis.
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Table 5 Metabolite screen in serum between TA and CA

Mean of peak area

ID Retention time Mass VIP P Direction
TA CA change
1-methylnicotinamide 337.65 137.07 2.16 1.1 2.16 0.02 il
L-palmitoylcarnitine 199.12 400.34 1.33 0.88 1.67 0.04 )
1-Nitrohexane 71.59 132.10 0.08 0.13 117 0.04 1
Panaquinquecol 1 29.54 293.21 0.05 0.02 2.05 0.01 1
LysoPE(16:0/0:0) 226.72 454.29 0.56 0.39 1.68 0.02 1
Glycylproline 321.53 173.09 2.61 1.36 1.65 0.02 i
5,6-trans-25-Hydroxyvitamin D3 106.77 401.34 0.010 0.014 1.56 0.04 !
Levetiracetam 285.38 171.11 0.18 0.23 1.69 0.04 1
Monoglucuronylglycyrrhetinic acid 317.04 647.38 0.13 0.03 1.92 0.048 i
Heptadecanoyl carnitine 196.88 414.36 0.014 0.007 1.58 0.04 i
Stigmastane-3,6-dione 149.98 429.37 0.52 0.20 2.06 0.02 i
PC (20:4(82,112,142,172)/20:3(52,82,112)) 158.82 832.58 2.20 1.82 1.13 0.03 il
Elaidic carnitine 195.62 426.36 1.25 0.72 1.70 0.04 1
alpha-tocopherolquinone 150.74 447.38 0.05 0.01 2.04 0.02 i
PC (22:6(42,72,102,132,16Z,192)/20:1(112)) 157.08 860.61 0.20 0.16 1.15 0.01 1
Naphthoherniarin 196.06 377.10 0.004 0.001 1.88 0.04 i

Mean peak of area, the average value of peak area normalization for each group; TA, treatment group after surgery for 7 days in serum; CA,
control group after surgery for 7 days in serum; VIP, variable importance projection; P, student t-test, considered as significance when <0.05.
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Figure 5 Pathway impact prediction of KEGG online database
between TA and CA. The results of metabolic pathway analysis are
presented in bubble diagram. The P value of enrichment analysis
[negative natural logarithm, i.e., -In(P)] positively correlated with
the bubble color depth. TA, treatment group after surgery for 7
days in serum; CA, control group after surgery for 7 days in serum;
KEGG, Kyoto Encyclopedia of Genes and Genomes.
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HGB level but negatively correlated with the serum CREA
and PLT levels. Relative abundance of PC (22:6(4Z,72,10Z,
137,162,197)/20:1(11Z)) was positively correlated with the
serum CA199 and LY levels but negatively correlated with
the serum ALT, TBIL and DBIL levels. Relative abundance
of Naphthoherniarin was positively associated with the
serum TBIL and DBIL levels but negatively associated with
the serum BUN, CREA and PLT levels.

Discussion

In the present study, we applied LC/MS-based metabolic
profiling to assess hepatoprotection of supplementation with
COPs for 7 days in early post-surgery liver cancer patients.
We found that COPs consumption could reduce the levels
of AL'T, AST, TBIL, DBIL and increase the levels of PTA
and Pre-Alb. The LC/MS analysis revealed metabolic
signatures by regulating sixteen metabolites and altering
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Figure 6 Correlation analysis between metabolites and serum indexes. Red (corr =1), blue (corr =-1), white (corr =0) and, * represents a
significant correlation (P<0.05). AFP, alpha fetoprotein; Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BUN, blood urea nitrogen; CA199, carbohydrate antigen 199; CEA, carcinoembryonic antigen; CREA, creatinine; DBIL, direct bilirubin;
HGB, hemoglobin; LY, lymphocyte; NE, neutrophil; PA, prealbumin; PL'T, platelet; PTa, prothrombin time activity; RBC, red blood cell;
TBIL, total bilirubin; T'C, serum total cholesterol; TG, triglyceride; WBC, white blood cell.

two metabolic pathways (nicotinate and nicotinamide
metabolism, fatty acid metabolism).

ALT and AST are traditional liver markers, and the
elevated serum levels indicated clear liver injury (26-28). In
this study, serum AST and ALT levels increased between
TT and CI after operation, but the augments of serum AST
(P=0.01) and ALT (P=0.01) levels in TT were smaller than
in CI, which indicated lighter damage of liver function
in TI. Furthermore, the serum levels of TBIL (AP=0.00)
were decreased in TT but increased in CI, serum DBIL
(AP=0.01) level elevated between two groups and showed
similar tendency as the serum levels of ALT and AST. Liver
injury markers TBIL and DBIL can sensitively reflect the
extent of hepatocyte injury and liver parenchymal damage
after surgery (29) and our results revealed that short-term
COPs intervention may be beneficial for liver function
recovering (14,30). The levels of serum PTA and Pre-Alb
reflect the injury of pathology of the liver and its synthetic
function, thus an improvement of liver function indicated
by an increasement in serum PTA and Pre-Alb levels (31,32).
Although serum PTA (AP=0.00) and Pre-Alb (AP=0.01)
levels were decreased after operation in our study, the
less reduction in TT group has revealed significantly
hepatoprotection.

LC/MS metabolomics approach enabled the evaluation
of the mechanisms of action of COPs. Nicotinamide
N-methyltransferase (NNMT), to produce 1-methylnicotinamide

© HepatoBiliary Surgery and Nutrition. All rights reserved.

(MNA), is predominantly expressed in the liver (33). NNMT
has been reported to play a hepatoprotective compatible
with the PGI (2)-releasing properties of MNA (34).
MNA decreased liver cholesterol and TG levels, while the
expression of lipogenic and cholesterol synthesis genes
and the synthesis of fatty acid and cholesterol suppressed
and regulates glucose, lipid and cholesterol metabolism
by stabilizing Sirtl (35). MNA also identified regulated
immune responses in the liver by induce IL-10-producing
macrophages (36). In this study, the relative abundance
of MNA was increased and negatively correlated with
serum TBIL and DBIL levels significantly. Although the
association analysis also showed positive correlation between
the relative abundance of MNA and serum TG level, it
could be a false positive, as no significance was observed in
the serum TG level (data not shown). The mechanisms how
NNMT activity worked and endogenous MNA production
initiated remain murky. Our study provided new evidence
of the hepatoprotection of MNA, which may protect liver
function from damage.

Second, relative abundance of L-palmitoylcarnitine was
increased after intervention. L-palmitoylcarnitine is one of
the long-chain acyl fatty acid derivative ester of carnitine (37).
The low level of L-palmitoylcarnitine was related to the
disorder of fatty acid metabolism and further damaged heart,
brain and neural (38). A recent follow-up study reported
that serum L-palmitoylcarnitine level was lower in HCC
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group compared to control group (39), suggested that the
increasement of L-palmitoylcarnitine play a positive role and
it may help regulate the lipid profiles. As for the decrease
of the relative abundance of Elaidic carnitine, Elaidic
carnitine is involved in fatty acid oxidation and it can indicate
hepatocytes damage (40). Compound Stigmastane-3,6-dione
was extracted from medicinal plants, which showed good
selective binding affinity for CB2 receptor thus could have
an anti-inflammatory effect (41). We observed an increase
of the relative abundance of Alpha-tocopherolquinone
in serum. Alpha-tocopherol (vitamin E), the body’s main
lipophilic antioxidant, can prevent lipid peroxidation (42)
and its primary functions include the termination of the
lipid peroxidation cascade induced by free radicals (43).
As the main oxidation product of a-tocopherol, Alpha-
tocopherolquinone can be reduced to alpha-tocopherol
hydroquinone subsequently (44), which has been reported
to play an important antioxidant role (45). Besides, above
effects of anti-inflammation, anti-oxidation and fatty acid
metabolism may be regulated during the transcription stage,
and it then revealed in the metabolites in serum by regulating
nuclear factor-«B, nuclear factor erythroid2-related factor 2
and peroxisome proliferators-activated receptor o (46), which
provide a new sight in our future study. Above all metabolites
identified further provided evidence that COPs’ function
in hepatoprotection and they may associate with nicotinate
and nicotinamide metabolism, fatty acid metabolism, lipid
peroxidation and anti-inflammatory action.

Other metabolites such as Levetiracetam, are often used
as an antiepileptic drug in clinic, who has few negative side
effects impacting the liver (47). In addition, some identified
metabolites were first reported as important biomarkers
to be associated with liver cancer in the present study, and
the relationship between these metabolites and liver cancer
remains to be explored in the future.

The present study is the first study to investigate possible
effects of COPs on early post-surgery primary liver cancer.
However, the current study does have some limitations, we
did not verify the specific hepatoprotection mechanism of
COPs and it is a single-center study, the number of objects
was small. We only conducted a 7-day intervention, which
influences the impact of COPs and it may be the reason why
most serum indexes did not show significant differences.
In the future, we can follow up patients to survey the long-
term effects of intervention especially for the improvement
of symptoms and quality of life after surgery, and further
explore the mechanisms of COPs in protecting liver and

© HepatoBiliary Surgery and Nutrition. All rights reserved.

other possible health efficacy in vivo and vitro. In addition,
the patients included in the present study were with normal
BMI, therefore it is still unclear whether it will be the
same effects of corn oligopeptides in patients with obese or
obesity.

We conclude that the patients had varying degree of liver
damage after operation, but the 7-day supplement of COPs
has mitigate the injury of liver function, which is consistent
with the change of traditional liver injury markers ALT,
AST, TBIL, DBIL and liver synthetic function markers
PTA, Pre-Alb. Sixteen metabolites were identified and
among them, 1-methylnicotinamide, L-palmitoylcarnitine,
Elaidic carnitine, Alpha-tocopherolquinone and
Stigmastane-3,6-dione indicate that COPs helped improve
liver function by affecting fatty acid metabolism, nicotinate
and nicotinamide metabolism, lipid peroxidation and anti-
inflammatory action.
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