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Abstract

The serum microRNAs have been reported as potential biomarkers for hepatocellular car-
E'—"=-8S10 001" ZYZ>81+'Z'>1>"eZ1 —1eZ—"ELle"j'E ' e¢1>7
TP53 mutation and DNA damage, has not yet been evaluated. Here, we conducted a hos
pital-based case-control study, including 558 patients with pathologically diagnosed HCC
S—el™ @’ e’YZ1 WI1S—e1'ZSee'¢1E " —e>"e@l1l—1%1\YVil
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1. Introduction

Se”i’—1 W10 Wil elS—1'—-™ eSS —e1_-¢CE "’ —1-—Bspergitids
parasiticusand e ™ 7>« « « 7 @tiuiciiMalfyatiis characterized by fusion of a cyclopentanone
ring to the lactone ring of the coumarin moiety [ 1-3pi1 ZE $¥ 8 Z 1S enth ' (F Z90Zw@lly
—Zes’™e@l7—eZ51""e1S—el'7—"e1lE " —+'e'"—®dl WI1'®lSe®elS:
core, peanuts, soya sauce, and fermented soy beans) in tropical areasl{4. Increasing evi-
e Z—EZ1'Sele'™ —1¢'Sel W1'Sele>ZZ1«"j"E <"« ES+1Z Za
especially liver; (b) genotoxicity, mainly inducing the formation of the hot-spot mutation of
™[Y1eZ—Z10Z@™ZE ' See¢1-7eSe’ " —1Sele'Z1E " —1XZ _ 1U1S—
ity, primarily causing hepatocellular carcinoma (HCC) [ 4-11]. Studies have shown that DNA
¢S—SeZ1"—e7EZe1c¢1l WI1™eSC®e1e'Z1IEZ—+>Se1>"¢Z17«1ES
the toxic studies [5-11pil "¢S¢d1e " ele"j'—1'S®e1<ZZ—1E+*Soewe’ Z1¢
the International Agency for Research on Cancer [6, 17. Therefore, early marker of genic toxic-
e 17l WI1<ZeHZ1ES>E — " eZ—Z0’ el —e7EZe1lctle @l -
'—e'YV'e7Se@l "ol WI1Z{™"@Z>Zi

Increasing evidence has shown that there is a link between dysregulation of microRNAs and
HCC [13-19]. In particular, microRNAs are highly stable in circulation and expression pat -
eZ>—®1l®ZZ-1+"1<Z1 @221 0e™ZE" EdlwziseZoees —els'Se]
ideal biomarkers for some diseases including HCC [20-30]. However, information on whether
®Z>2-1-"E>" ®1S>Z1E >52+SeZe1l 'o'1 W,5Z¢SeZeleZ—"(E1
Z1'—YZcee'eSeZele'Z1See " ®'Se’"—1<Ze 2Z—1®Z52-1-"E>"

W1Zi™M @z>Z1e'>"2¢'1¢'Z1S—Sete’'el™«1 W, 1See7E+1S
>23727Z—CEC¢i

2. Materials and methods

2.1. Study design and participants

‘Z1 ™5%e"E"el Se1S™MM™"YZel<¢1e'Z1 ZZS>E'Ll «""Ewl ~—-
Youjiang Medical University for Nationalities. We conducted a hospital-based case-control study
in the Guangxi area to elucidate the association between the serum microRNAs and genic toxic
e l7el Wil eel1E®SeZ®elS—e1E —e>"eel Z>Z1>720'«Z—+01
>"—=1 WI1Zi™ " @®@2>21S5ZS0eil *+1™S>e' &' ™S —eel Z>Z1>2&>7
Medical University and Youjiang Medical College for Nationalities and accepted enrollment
'—1e’eloeezeCil eel—7 o¢1le’Se—"Zel 1™MSe'Z el —1'"ce
College for Nationalities and Guangxi Medical University from January 2006 to December 2015
were utilized. The inclusion criteria on cases are as follows: (1) cases with histopathology-
E"— >-Z+1 O0lOXUl1ESeZ®elzi—eZ>00eS—e' —e1e'Z1 "ZE'VYZ
E"—eZ—010YUle'Z1Sc' s’ e¢le " 1E -™eZeZ1'21—72EZe®S>¢

'e'1—Z7eSe’YZ1 1-S5>"Z>010 0 81 Z +81S—e', 7Z81S—+', &

S—e', O010[U1ESeZel '«*1™ @'« YZ1le—10 U10™" ’«'YZ1Y¢
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preoperative chemotherapy, radiotherapy, transarterial chemoembolization, or ablation before
collection of blood samples; (7) cases receiving resect treatment (curative or partial resection
or resect treatment plus postoperative adjuvant TACE as initial treatment according to Chinese
Manage Criteria of HCC, but not treatment with radiotherapy or chemotherapy before surgi -
cal operative treatment; and (8) 5-year follow-up completed with available cancerous tissue
specimens and clinical data. The exclusion criteria for cases consisted of: (1) cases with HC
Zel—"e1E"— >—Ze1cC1l e " ™Se'"e e’ ESe1Z{S—"—S""—010XUl
¢ Z>S™¢1e>7Se—7—elcZe 371075 ESel " ™7>Se’'YZ1e57Se—7—-
0 e *81 Z «81S—e', Z81S—e", EH17>1 1 Ul"H>1™ @’'s'YZ:
™ e'e’YZ1le—10 U10™70e'e'YZ1YSeZZA1AWiIVVie—1e—"e&—2{i0:
information.

All controls were recruited from the general health check-up center at the same hospitals
during the same period for comparison. The inclusion criteria for controls included (1)
1IE"—e>"e@1l —e'Y'e7See¢1-SeE'Zele"1l 1ES®Z®1<S®eZel™ -
01[1¢Z2S>iUd1e’—7Z1 ‘Z—1@S—™e7e31S—e1'" @™ ' eSele”"ES'"
(2) controls understanding the objective of the study and providing informed consent; (3) the
Sc’e’e@le " 1E " —™eZe71e'21—2EZ®S>¢1'—YZ®e eSe'"—®1S-

1-S5>"Z>0.10 @ *81 Z +81S—e', Z31S—s', EB1S—+1 1
O[ULIE " —e>"eel "1™ @’e’'YZ1le—10 U1l0™ @’'e’'YZ1YSe2Z0
liver diseases and other systematic diseases; and (7) controls with persistently normal AST

81S—el 1eZYZeil 'Z1Z2ZiEez®'~ —1E> *Z>'S1eH>1E " —-
ZY'eZ—EZ1 1« Y251 2Z2S®Z®010XU1l’'—e¢' Y’ e7Seel '+'1 ™
S—e', Z281S—e’, EH617>1 1 UlH>1™ @'s'YZ1S—e', 010Y|
0 010™ @’ e’ YZ1YSeZ2ZA1AWIVVle—1e—"e&—e(i01S—e10[U1"-
information.

According to aforementioned criteria, a total of 558 cases with HCC and 630 controls,
representing 97% of eligible cases and 94% of eligible controls, were interviewed and included
in the present study. All patients and controls gave informed consent for participation and
2521 —eZ>Y'Z Ze172—"9"5>—001<Z¢">Z21072>225C1<¢C1S1 Zes, e>S"-
used in the interview sought detailed information on general demographic data (including
sex, age, ethnicity, dietary and living history, medical history, and family disease history).
Demographic information and therapeutic data were collected from medical records in the
‘Te™'eSe®1¢¢1S1 "7*'S—el S—EZ>1 —cee’eze’ " —1@eS 1-Z—«<.
blood was obtained for serum analysis of microRNAs. Surgically removed tumor samples of
SeelES®Z®el Z>Z1E seZEsZele 51eZ—"EL1+"|"E'*¢1SeeStl’

2.2. Serum preparation

">10@Z2>2-1™57Z2™S5Se’" —31[,— 1™Z>"™75Se] ‘“eZlce""el Scx
HCC and control. Samples were centrifuged at 3000 r.p.m. for 10 min under the conditions
of 4°C, followed by an additional centrifugation at 12,000 r.p.m. for 15 min to completely
3Z—-"Y21Seel>72-S"— —e1 EZseeil ‘Z1®Z>72-1®@S-™eZ®l 7>
analysis.
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2.3. DNA detraction

Genomic DNA was extracted from HCC tumor tissues using Genomic DNA Prep K
0OES-U_ ,\,VVW\3d1 "1 See’'Ed1l —Eidl —S>’"81 S—S.Siu1
0 >7«"@E~+10 21281 "1 Se’Ed1 —Eid1 —S>’"81 S—S-Suil >
was transferred to a 1.5-mL microcentrifuge tube, and 300 pL of Cell Lysis Solutiorand 1.5 pL
of 20 mg/mL proteinase KL Z>Z1SeeZe1 ¢ 51e¢7Z™S>S —"£Se’" 1S —ele’e
until the tissue had dissolved. After that, 100 pL of Protein Precipitation Solutiomnvas added for
the cell lysate. The supernatant after centrifuge was transferred to another microcentrifuge
tube. Then, DNA was extracted by phenol-chloroform extraction and ethanol precipitation
S—el0ee™5Z¢1Se1°XVU 17—e’'e1See’e’"—_Sel1S—Setce’' i

2.4. Laboratory tests

See’—e1YZ—"701<e""e1®@S-™eZ®l Z>Z1E eeZEeZe1s>"-15-
ing complete blood picture, liver function tests, prothrombin concentration and prothrom -
—1"—eZ>5—Se’"—Sel—"5-Se'£7+155+°781 81S—e’, 81 o
available assays.

ZES7eZ1 1'el1S8S10eS<eZ1l WI1Zi™M @2>21<"=8>"7>81'21
71 WI1Zi™ @z>Z1«72Y7Z+& B AAAS levélsdr? theAEmmanvkse tested using the
comparative enzyme-linked immunosorbent assay as previously published. According to our
™SZY ' Tzel1>Z™ el 'e'1>Z@™ZEe L1l WI1Zi™ @®2>281YSe2
2>7+1S0e1™ " @’'e’'YZ31-3W.1e+Se7cely

Xi[il Z>z2-1-"E>" oelZi™>Zcee'"—1™>" «'—+«1S5—S+Cce’'ce

In this study, we screened the serum microRNAs using two methods: microRNA array analy -

®'elS—e1 S§ S—, 1S—Sete’'eil H>1-"E>" 1S>>S¢1S—S-¢
cases and six sex-, age-, and ethnicity-matched controls without any evidence of liver diseases
Zl®eZ—e10wZ>S1"1 ‘S—e'S’1 7, ', ZE'l Z'ES+1l "-™S—¢1
S>>SC1eZeZ@Ee'"—il >’Z ¢31e"eSel 1> —1W,— 1 ce PAXganéSRiaG(

RNAKit LOESU]J\XW]Z81 'SeZ—081 2Zcew@Zee 581 Z>-S—¢iid1S-
the analyses of RNA purity and concentration by NanoDrop spectrophotometer and RNA
"—eZe5’eC10  U1<C1 T —Se¢EZ>IXWVVil 10eS-™eZ@l “Zesl.
value was more than 7.2.RT? First Strand Kit (cat#330401, Qiagen) was used to synthesize ¢
corresponding cDNA. After that, the amounts of human microRNAs in the serum samples
Z>Z1eZ20eZele'> 7201 2Z1572Se,o’~721 10°—1S—1 ™M™ 701
System) using RP1 >~ «Z>1 1 >>S¢cel10E&S-01 L, VXA X831 'SeZ-
RT21 1 52Z—1 SceeZ>-"iZel10ES.U1YYV[VVALl 'SeZ—0iil ‘Z
S—Setf£Zelze’'—ele'Z1 155S¢1 SeS1 —Setoe’'eel Z<1™ >eSe
raydataanalysis.php). In the present study, a total of 10 candidate microRNAs were chosen
*“51 S§3 S—, 1S—Sete'®1ISEE s’ —ele 1e'Z1le"ee™ '—e]l E>
Z2e 7272—1ES®eZ72001S—e1E " —>"+®@I1E"Z E'Z—+1"1YS5>'Se""-
(CT 1AX 1ECEZoeil —1™Se'Z—e@l "1 i

average



7KH 6HUXP OLFUR51$ ([SUHVVLRQ ORGLILHG WKH *HQLF 7R[LFL
KWWS G[ GRL RUJ LQWHFKRSHQ

2.6. TagMan-PCR assay for candidate microRNAs

‘21 0wZ>2-1ZYZe®1 " +1WV1 ES—e'+SeZ71 -—"E>" @l 725721
1e>S—e@E>" ™o’ — 1 ’e'1 S§ S—1™>"«Z1eZ@E> d4-19pi1157%
total RNA was extracted from 400-uL serum with 0.2 nM of cel-miR-67 using PureLink®
RNAMiniKit 10 ES«UWXWAYVWA 81 —<'"—381 U01S—e1E ™ >>Zc
synthesized using '¢‘1 S™MSE’+¢1E 1 ZY7Z>0eZ(caitS43688, IMtitroges
Grand Island, NY)and $§ S—1 "E>~ 1 ZYZ>eZl > &attd3a@596Y Appliec

"eteeZ-®dl S>ee<Sed1l Uil eeZ>1'Sedl S§ S—, 1S—¢
*S>el ™5 e "E"ee1 " —1S1 ", Sel’ ¢EeZ>1 1 Z+ZE+'"—1 ¢«
date microRNAs were assessed using TagMan microRNA assaysgcat#4427975, Appliec
"eteeZ-eil "'l EZe,—' \]1SeleZ1Z—e"e7—"7w1E —

[, 1 —Se11Y «7-711E"S5S' 1~ ¥1ZWE %41 S ofcarna40Q4l, Appliec

"eteeZ-eidlWlYl S§ S—1-"E>" 1™ «Z®lS—e1l™>'-7>
and about 15 ng of cDNA. Cycling conditions were 30 s at 95°C for the initial denaturation,
and 50 cycles of 15 s at 95°C for denaturation and 1 min at 60°C for annealing. All reaction
were conducted in triplicate, and controls (including negative and positive control) were
performed for each gene. In this study, the relative amount of candidate microRNAs to cel-
miR-67 was calculatedas 2 1—-Z<'"«81 ‘Z>Z1 1%1T°1 ).

mitrol

2.7. Genic toxicity analysis of AFB1

—1e'Z1™>s7Z@Z—eloee2°¢81eZ—" EL1l+"|"E’*¢1"¢1 W1 ScelZY¥
adducts and the hot-spot mutation at the codon 249 of TP53 gene (TP53M) in the canceroL
ce®zZ®il ‘Z1S-"72—e1"¢1 W, 1See7Eeel —1 1ES—EZ>
petitive enzyme-linked immunosorbent assay as described by our previous report [ 33, 35-39].

>'Z 681 1.eS-™eZoel 72521S®eSeZe1Se1[V1I—e& Zee1S—
standard using monoclonal antibody 6A10. The percent of inhibition was calculated by com-
™S> e —1 'e'le'Z1l—"—-"¢" Ze1'72Se, 07 —Se757e1ESsele'C-7¢
~Z2S®z>Ze1 —1e> ™M’ ESeZ1 " —1e'Z1e' 52721’ 7Z572—1SeeStle!

“5>1 [Y 1SeeStdl [Y1IE «"—1XZ 1eZ—"e¢™Zcl Z>217—
" CEeZ>1’ 1>72Se,e'—71 1eZeZEe' " —1oetoeeZ-10' [01 ', S-1

Uil >’—Z>01S—e1™>"¢Za1+ 51 S§ S—, 1Sce®S¢17+1 [Y 1S

1 1 ,y1a O [YYX__ VVW3d1 ™M™e'7e1 '"mboeZ-cC

1 1 ,y1a 01 [YYX__ VVXd1 ™M™e'7e1 '"lcee’

1 , .Y 10 UZYW\VYYVW,VVW31 ™M™e’7e1 "¢t

1 ., .Y 10 UZYW\VYYVW,VVX3d1l ™ ™ 83734 PdakeROR «AS pef
“3—Z7e1’'—1S1e"eSel1 VY 77171 X[1le 1E " —S’'— —e1WI1¥%U1l >.
S S S1 "eZE'—"¢"e¢1l0 Se’S—i1 "id1l e+idl Se’S—81 "—Sud
each probe, and 50-100 ng of genomic DNA using the running conditions: 95°C for 2 min for
¢'Z71 —¢'Sele7—Se758¢' " 1S —e1[VIECEZe1 +1WVI1®l1S-1
each PCR run included negative and positive controls. Additionally, a random 10% samples
2>21S—SeCEZel7®@ —e1>Z™ZSeZeleZ—"e¢™'  —e1S—e1eZ327-
type were yielded.
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2.8. HCC patients following up

Patients with HCC were followed and underwent serial monitoring of chest radiograph, ultra -
®"—"e>S™ ¢d1 81S—elZ-"®E " —1E -™2zeZele"-"esS™¢]17
S—elwZ-—"S——7Seetle'Z>72ZSee7>1e 5107 7Z@Ee""—1"e1572E2>>27-
'—Se— el ZE ' —'3722010 —Esze'—e1E'Z@e1>Se’ " e>S™ 31l 700>
tomography), either intrahepatically or extrahepatically (distant metastases or lymph nodes).
1—27 1e2-"51 "¢'1"—E>ZS®’'—el 1cZe1 '¢'"7e1>Se’ e e’ ELZY
32— EZ12—'¢1E " — >—Z+1<¢1" —Se’—eil ‘Z1eSaele"ee”™ 7™1e§
e7>Y'YSeleeSe7el Sel1E" — >-Z+1Y'S1E+'— E1>ZE >+015-
®Z>Y'YSeleC™Zed1I>ZE2>>2—EZ,*>221®e2>Y’'YS+10 (1S—-1
™sZ@eZ—eloeeze¢il *Z1e725Se’"—17e1 1 SceleZ —Z+1Scel+'Z1
“ele7—"51>72E7%5>Z— EZ1">1eSeel"—" —1¢Se¢721S’YZ081 ‘Z>7ZS e
the date of primary treatment to the date of death or last known date alive [17, 40, 41].

2.9. Statistical analysis

All statistical analyses were done using the statistical package for social science versiol
WA10Q 1 —0ee’e2281 "ES"01 Uil ‘Z1le Z>Z2—EZe1™+1S+725
groups were compared using Studentt 1« Z ce « 1 S 2test ThHe henparametric Mann-Whitney
U test was used for comparison of microRNA data (2° ) from independent samples from two
groups as this type data were not normally distributed. Unconditional logistical regression
was conducted to estimate odds ratios (ORs) for the association between microRNAs anc
[Y 1Se™—e1 'e'1e'7Z1 [-1E " — ¢Z—EZ1'—+7Z>YSe10 cuil S°
e"e>S—"1e7Z0el Sel7@Ze1e"12YSe72Se21' 217 ZEs0e1 o1e"Z14
sis. Risk factors for HCC prognosis were selected using the Cox multivariate regression model
with stepwise forward selection based on a likelihood ratio test. Hazard ratios (HRs) and
95% Cls for risk factors were then calculated from a multivariate Cox regression model. All
statistical tests were two tailed, andaP,YS+2Z1"«1AViV[1l Sel1E " —a@’'+Z>7Z>

3. Results

3.1. The characteristics of HCC cases and controls

According to eligibility criteria, we collected 1188 serum samples from patients with HCC
and controls (Table 1 1711 ‘Z>Z21 Z>Z1—"1« 7>7Z—E&Zcel<Zs ZZ—1ES®
distribution of age, sex, race, and smoking and drinking status because these were individu-
SeeC1-Se@E Zeil ¢e1™Sse’E" ™S —ee1'Sel™ " @’'e’'YZ1-S>"7>1""
“>1 1T —eZ@Ee " —il <"ze1\V-1"e1 1ES®eZ®leZSe752+1S«—">

YiXil ' Z>Z—e'SelZij™>7Zce0e’'"—1"e1eZ>2-1-"E€>~ @leZYZee
and controls

—1e’eleez°¢d1 Z1 >eelZiS-"—Ze1'Z10Z>2-1-"E>~ 1™;
1E " —™S57ele¢e”"1E " —e>"e@]l '¢'1 ™M "@’e’YZ1 W1lcZzel "¢ "7
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Variable Controls (n = 630) HCCs (n = 558) p*
n % n %

Age (y) 0.68
3AZ_ 326 51.7 282 50.5
3AZ_ 304 48.3 276 49.5
Gender 0.90
3 72-S-7 192 30.5 172 30.8
3 S.7 438 69.5 386 69.2
Race 0.86
3 S— 331 525 296 53.0
3 —"seg 299 475 262 47.0
Smoking 0.81
3 7Z+8.'Yz 253 40.2 228 40.9
3 "e's'VZ 377 59.8 330 59.1
Drinking 0.29
3 Z2+Se'VY7Z 242 38.4 231 41.4
3 "e's'VZ 388 61.6 327 58.6

10—<& i .
3AXV 630 100.0 216 38.7
3AXV 0 0.0 342 61.3
AST .
3 Z+S'VYZ 630 100.0 236 42.3
3 "®’e'YZ 0 0.0 322 57.7
ALT .
3 Z+5'VYZ 630 100.0 328 58.8
3 "e'e'YZ 0 0.0 330 59.1

TheP1YSe77Z1'—e' ESeZoele'Zlm@eSe'ee' ESele's—' ES—EZ1e 5121 Z2>Z2—E?Z
<cHZYV'SA1—B81S0e™S>e5e71>85—8-"—SeZ7201 8188S—"—71>5—eS-"—S®?Z

Table 1. Clinic characteristics of study subjects.

Ze'—el-—"E>" 1 15>S¢1S—el'eZ—e" ZelWVie e—' ES—eel
miR-127-3p, miR-7-2-3p, miR-192-5p, miR-4651, miR-10b-5p, miR-382-5p, miR-16-5p, mi
532-3p, miR-4688, and miR-106b-5p) between cases and controld=igure 1). Next, we fur-
o' 751" —YZ@e'eSeZele'Z1@Z>2-1Z{™>7Z000’"—1™>" eZ@@l1 ele",

S§ S—, 1e«Z@E" Figsre 21l Mann-Whitney U test showed that only miR-4651 and
miR-382-5p were increased in HCCs compared to controls P1A 1V iV [ii
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Figure 1. ‘Z1E>Z27Z—"—el1"eleZ>72-1-"E>~ @1 >1S S+"j’—1 W1d Wi,™ " @’'s'Y
eE>Z27Z—"—1S5S—Sete' ®edleZ>S1eS-—™eZele>"-1e’'jl 1ESeZ®elS—eloe’jl!
exposure but without any evidence of liver tumors were collected, and serum microRNAs were tested using microRNA
S>>8¢1S5—Sete’eil Z—1ES—¢'eSeZ1-—"E>" ol Z>Z1E ' "@Z—1">1e7>¢'7>15—¢

YiYil ‘Z1eZ>2-1-" ,Z\[W1S—el1—" YAX,[M1™M"@'e'YZeC1E">>.

To investigate whether serum levels of miR-4651 and miR-382-5p were associated with genis
e Ti'E’'eC1¢1l WOL1l Z1 >0eelZi™e 371 Z1E >>28e'"—1<Ze 727
in the cancerous tissues and the serum levels of miR-4651 and miR-382-5p. The increasit
Z>7-172YZe1 e1—-" Z\[W1 7571 7—e1S-"—¢1 1ES®ZceI]
adducts in the cancerous tissues Figure 3A). The correlation analysis showed serum miR-
Z\[W1eZVZe¢1l Soele’—7ZS>e¢1E">>25e7e¢1 o1 721e72YZc171-
tion formula:

y 743.35+9.7% (1)

‘7>21¢1>72™>7Z0ZZ—eele'Z1w@Z572-1-" ,Z\[W1eZYZe¢31S—e1>1
adducts in the cancerous tissues (mmoL/moL DNA). Similar results were also found in the
E">>7Z¢Se’YZ1S—Set®@’'el™el-" ,YAX,[M1S—e1 W, 1SwheEy
»Z™sZeZ—eele'Z1leZ>2-1-" ,YAX,[M1eZYZe1S—e1>15Z2™57 .
the cancerous tissues) Figure 3B). Taken together, our data suggested that serum miR-465.
S—el—" YAX,[™M1Zi™>Zem@'~ —1—"0'e1<Z1E >>72¢SeZ¢1 '¢'1 W

3.4. The serum miR-4651 and miR-382-5p increased risk of TP53M

ZES70Z1 [Y 1’le'Z1-"0el —-™ 3¢S o1 _"eZE7+S>10’+—S
[1,42p81 Z1—Zje1’—YZoee'eSeZel ‘Ze'Z51e'Z1@Z572-12YZ1"
this mutation in the 558 cancer cases. To analyze, the serum levels of miR-4651 and miR-382-
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Figure 2. * Z>7Z—e'See¢17Zi™>7Z@@Zel1-—"E>" ol —1+'Z1@®@Z>72-10S-™eZ®il ‘Z1:
screening analysis, including miR-7-2-3p (A), miR-4651 B), miR-127-3p (C), miR-192-5p D), miR-382-5p E), miR-
10b-5p (F), miR-532-3p G), miR-16-5p H), miR-106b-5p (), and miR-4688 Qiid1 Z>7Z1¢%>¢'7Z>18—Se¢£717
—Ze' "ol —1[["1ES®eZel '+'1S Se7j’—1 W10d Wi, ™ @'« YZ1'Z™Se " EZee7+551¢(

W1Z{™ “@7>5Z21cZel '¢' 772018 —¢1ZY eZ—EZ1 e1le’YZ51e7-"50071 'Z15Z2Z¢Se’YZ1s
accordingto 2° method (see Section 2). The microRNA data are shown as box plots, with horizontal lines representing
0'71-20'8—081'21¢47"—1S—ele'Z1e"™1"el1e' 21 j{Z®@1>Z™>72@Z—e —ele'Z1X[e'1
expression data between groups using the Mann-Whitney U test.

Z>721¢'Y' eZel ' —e"1e "1 EeSee’ ES+'"—®fle” 10>Z+S'YZ1-
'YZ1Zi™>Z0ee’"—1YSe2Z1AXVUle"51—" ,Z\[W1eZYZe1lS—¢
“et10>ZeSe'YZ1Zi™>7Z@e’" —1YSezZ1AYUleT>1 - YAX,[™M&1>
relative expression levels. Increasing serum levels of miR-4651 and miR-382-5p increase
«'71>7877— E ¢ 1Talle 2)vthé Gorresponding risk values were 2.52 (1.65-3.84) an
4.06 (2.72—-6.07) for miR-4651 and miR-382-5p, respectivelyiéble 2).

Yi[il ‘Z1eZ>z2-1-" ,Z\[W1S—el—" YAX,[M™M1-"6" Zele'Z1™5 e
“"loeezeCle'Z17Z2 ZEel el Z1Z52-1~" ,Z\[W1S—el-" Y7

W, ™M e’'e’'YZ1 81 Z1S—SeCE£Ze1e'Z1@z>Y'YSeleTee™ 7™]
Results from the Kaplan-Meier survival analysis showed that increasing serum miR-4651
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Figure3. ‘Z1@E">>Z2¢Se'"—1<Ze 727 —1'Z17Z>2-172Y720001%¢1-" ,Z\[W1S—el-" Y~X
1See7Eerl —1ES—EZ> 7200l ce7Z@1S—"—el MSe’'7Z _el '¢'1 W, ™M 0’
W, 1See7E®eel1S—el1-—"E>" o0l Z>Z1eZoeeZel?0e’'—e1«'Z1E -™S>8«'YZ17Z-
S§ S—, 1eZE' —'8§772031>Z2™ZE+'YZ¢il 'ZA)aidhmniR136Z-% Bpavkfe lnedrly A5§0¥iatéd
017218 —"7—e1"e1 W, 1SeeizEecei

eZYZele'e—' ES—eeC1lE >>Z¢SeZe¢1 'l " >eFiguretSandB 11"
Cox regression analysis Figure 4A and B), we showed that the miR-4651 is correlated with
™MTT5 ] ™y Ye e’ elTel 107 1—" [ Z\[W,eZ VY Ze1>PRWHIVI ZHHIBART
S—elXiXMN1S—3NFTYX1BIWNe ™MZE'YZeCUil 2>Y'YSe1S—Se¢-
'—el@Zy7-1ZYZe1 el =" YAX,[M1' —E>ZS0eZ+172S+'1>'"1(
7> >ZE7>>7Z—EZ1>'®”"10 1%1Xi\Z1S—+1_ FHigure 4C/aAMDi)" Taker
together, these results indicated that the serum miR-4651 and miR-382-5p are independent ¢
other clinical covariates and suggested its potential as an independent prognostic factor for
15Z¢SeZele™1 Wi

2>2-172Y7Z- [Y 10°G10—1%1WPB3M (+) (n = 384) OR (95% ChH P
n % n %

miR-4651
3 - 58 33.3 64 16.7 Reference
3 e 116 66.7 320 83.3 2.52 (1.65-3.84) Wi]V 1'% 1 W)\
miR-382-5p
37 86 49.4 75 195 Reference
3 e 90 51.7 309 80.5 4.06 (2.72-6.07) N[ Z 1 X W V

aAdjusted by age, race, and gender.

Table 2. The serum miR-4651 and miR-382-5p levels and TP53M risk.
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Figure4. ‘Z1Scee " E'Se'"—1<«Ze 272—1'72107Z572-1-" ,Z\[W1S—el1—" YAX,[™M1S—-1
™M e’ YZ1ESeZel '+ 1'Z™MSe"EZee2+S>1ES>E ' —"=-S10 Uil ‘Z1loeZ>72-1+72Y7Z
U1 Z>Z21¢"72—e1e 1 E ™ >>2¢Se¢71 "1 2Z1°YZ>Seelez>Y'YSe10 1S—el G17>12-"
7708 YZ71'SES>ele7—Ee'"—1 Scel™e"471¢¢1 S™ «BSvalyeivas cateulated aiith Two-sidadd
log-rank tests. <<>Z Y’ S s MST,ahe median overall survival time; MRT, the median tumor recurrence-free survival
time; LmiRN1, low miR-4651 expression; HMIRN1, high miR-4651 expression; LmiRN2, low miR-382-5p expression;
HmMIiRN2, high miR-382-5p; and HR, hazard ratio.

4. Discussion

ZiIWil ‘Z1ZYSe2Se’ " —1"ele”("E e "' ESe1Z ZEex1 1 W

1-S'—1eZ—"E1+"{"E "+ "« ES+1Z ZE+*1"+1 WIl'eles "1l —e7EZ1
adducts and the hot-spot mutation of tumor suppressor gene p53 at codon 249 (TP53M) [, 12].
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WIES—1™>"eZEZ1eZYZ>S*1l 1SeezEeele™>—Se'"—01l'—E-Z
YOZ,o ' Ces " ™Cs "o [,Cele™>—S—"eZ0, ,'Ce>~j¢, W10 W, ¢ul$
7S —¢Ce, ‘Ces7jC, WIT() Z3M1See7ZEed1S—el1e™"1"—il —"—ele‘7Z
See7@E+1'®1S1" —e17el@eSceZ1 ' ='eSE o715 —s," ™7 __ZG0ar Addutt
and may display an important role in HCC progress [ 12pil1 Zz>¢‘'Z>-">7281'Z1SE

W, ¢1'1l—"—Z—£¢-Se’ EL1S—ele’'—Z,0Z™7Z—e7 —e1S—ele'(
S—el™ e7 _o’Sel ' "e" e’ ESel' =™ eSS __(E 71’ ]l Thua, mawSestarthéls
'—1e'Z1>Z2Se’YZ1 Zese1>Z+S>e1 W, ¢1See7E+1S®1S1YSe’
[1]. Increasing evidences have exhibited that theamount1 "«1 W, addlct in the liver
">1™eSEZ—eSle'e®@zZ01S>721«'—Z2SesC1E >>ZSeZe1 'o'1 W
'—ele''@1SeeiEele"Zee1<Z1>Z2S>071Se1S1e7 ' E" " & OUr
™ZY ' "zeloesze'Z®@1'SYZ1l®e'T —1e'Sele'Z1S-"7—e17e1 W,
leukocytes were positively and linearly related to HCC cancerous tissue [ 3]. These data implied
¢'Sel W, 1SeezEeel —1e'Z1™Z5 ™'75Selce™"0leZ7" " ECeZ0e:

W1Zi™ " @®z2521S0el Z++1Sel1See7Eerl' —1+'Z1ES—EZ>" 720
~"521S-"72—e1"01 W, 1See7Eerl —1ES—EZ> 2kl ®®z’lo

W, 1SeezEel —1ez-">1c'®ezZ0l Z>21%25+'25>-">21S5—S+

“31e'Z1—7eSe’ " — @171 ™[Y1eZ—781 WI1-S' —e¢1’ —Teind@Re& iherdl
position at codon 249 of this gene, also called hot-spot mutation at the codon 249 (TP53M). Th
>72877Z—EC¢171 [Y 1’1-">Z1™Z>e’'®eZ—1<"=S>"7>1S—-1
Z ZEe@1E"-™S>57¢1 ’¢'1 W1, 17 Our 5ty @sbyshowed more than 68.8%
AYAZ&[[MUL17e1l™Se’7Z—eel 'e'1 W, ™ "@’'e’YZ1 1'Se1 [Y 1'—
©'Z1Se" 572 -7—""—7+1572S®@" — @81 Z1eZ—" EL"{ ELlZ ZE 21
ofZ1e7ee” '—ele "1 "=S5"7Z>fA1l W, 1SeeiEewl1S-"7—e1"—1
>7877Z—E¢17e1 [Y 1'—1e¢"’celeezetil 7251>Z00Z%2e°e1Se@™1c"

W1Zi™M @221 —e >-8e'"—1S—e157Z™s70Z—eZele'Z1e"{"E":

4.2. The serum microRNAs and AFB1-induced genic toxicity

MicroRNAs are a type of small noncoding RNAs and can regulate the translation of pro -
tein-coding genes through enhancing protein-coding mRNA degradation or repressing

>SS — eS¢’ T —1"el ™My o7 (E"e’—el— i1 ‘Z’>1e¢0e>Ze7eSe’"—
ferentiation, ultimately resulting to a variety of disorders [ 43—-43. To date, more than 200(
~Se7521-"E>" ®©1'SYZ1<ZZ—1S——"eSeZel’'—1'7Z1" E'S-1

Increasing studies have proved that microRNAs have a crucial role in human carcinogenesis,
including hepatocarcinogenesis, via acting as oncogenes or tumor suppressor genes43-45]
Recent evidence has shown that serum microRNAs are remarkably stable and expressiol
™S475—cel-S¢1<Z1 20 @17 24, &Y™8& @0, 46, thus, they may be important
potential candidates for carcinogens and corresponding non-invasive cancer testing. It has
been hypothesized that serum microRNAs might correlate with toxicity of carcinogen such as

Wil ‘Z>Z¢ 5281 —1¢'Z1™>7Z@Z—e10*72+¢81 Z1E " —+2E+Z+1-
eCEZ1™ 7 —e'SeleZ>7-1-"E>" @le>1eZ—"ELle"j"E ' s¢tleZ0e
area, Guangxi area of China B, 48. Our results proved that serum microRNAs such as miR-
Z\[W1S—el1—" YAX,[™M1 Z>Z10e’'e—' ES—e1S—el1e’—7S5¢¢1S0e



7KH 6HUXP OLFUR51$ ([SUHVVLRQ ORGLILHG WKH *HQLF 7R[LFL
KWWS G[ GRL RUJ LQWHFKRSHQ

adducts in the cancerous tissues; moreover, increasing serum levels of these two microRNA:

—"e’ Zele'Z15’"17e1l [Y il “eeZEe'VYZeCO1le'ZeZ1l>Z @7 @1l

(Z1'=™75eS 01" =S5"Zs@1eH>1 ™7’ Ee' —eleZ " EL1e"j"E’sC1
1'—e2EZ+1<t1 Wi

—le’@leeze¢dl—" ,Z\[W1S—el1—" YAX,[™M1 Z>Z1™S>¢'E7+S
Zi™MsZoeoe'"—1<Ze ZZ—1™Se'Z—eel '+'1™ ®’'e'YZ, W1 1S

Wil ‘Z¢1S>71 7 —aR-4&>Derel(located at chr7: 75915197-75915269) and m
382-5p gene (located at chrl4: 101520643-101520718), respectively. Until now, it has been
clear whether they act as tumor suppressors or oncogenes. However, we observed that miR
Z\[W1S—el—" YAX,[M1:Sele'Z517Zi™s7Z@e’"—1" —1'Z1 W
HCC-harboring individuals, and this increasing expression was further positively associated
Tet1T™MTT, 1M Ye "' lTel  15ZeSeZele”1l Wil el -™e'Zeel
have a similar role of oncogenes through decreasing detoxication and genomic DNA damage
>Z™MS H1IES™MSE'«C1<ZESz2@Z1e'21S-"72—e@17e1 W, 1Sesz
52571 "1 1>'0"1S—el™>"e_"'elS—+1ES—1>7Z ZE+1+‘Z
DNA damage repair capacity. Taken together, these results implied that miR-4651 and miR-
YAX, [M1—"e‘el<Z170Ze21¢"=S5"Z501 51 1'—ezEZ+1<C1 \

Celeezetl1'SeleZYZ>SeleerZ—ee‘eil '>eedl Z1 —'e‘Ze1l!
w©Z>72-1-"E>" le'SelZi < eZele’ 7Z57Z—e'SeleZYZelcZe 27
S—e1'ZSee'¢C1E " —e>"0o0el '¢'1™"’«'YZ1 Wil > "Ze¢‘'le‘’l1-7
' Z1E'S—EZ1e " 1'eZ—e'0tleZ>72-1<"=S>"7Z>01<2e1Se@™" 1" ¢S
il ZE~"—ed1 —e¢1l ,1S—e1 |, —7¢Se'YZ1ESeZel 72521'—
51 ™M e'e'YZ1'—e'Y'e72Secel Z5217ZiEezeZi1l "elZ E'Z—
ES>E" —"eZ—7+EL1+SE+*">ed1lezE'1Se1 1S—¢1 51S—-1
—"E>" ©@1S—eleZ—"ELle"j"E’e¢1"¢1 Wi

4.3. Limitation

“eloeezet1'Se10ZYZ>Sele’—"eSe’ " — @il >®edle'Z1l'—E>ZSo
'—1e’eloesZetl Sl ™>"«Sce¢l17—eZ>7Ze’'—SeZ31<ZES7®”Z
—ZeSc"e’@—-1"e1 WI1S—el-"e'e¢le'Z1eZYZe17+1 W, 1Sesz
ent study is a hospital-based study, potential selection bias might have occurred. Third, in
e™’'eZ]1 ele'7Z1eSEele'Sele'ZlweSe701”*1 [Y 1 Sl —YZce:«’
—7eSe’ " — 1 el Z1 [Y1eZ—71 725721 —"017YSe7Se7eil '—Seeg-
tional analysis. Therefore, more functional analyses should be performed based on large sam
™MeZ@1S—e1S1IE " -« —Se’"—17e1¢'"=85"75015—¢1 WI1Z™" e

5. Conclusions

—1E —Ee7@ " —81le"1e'Z1<Z0el 017 251" —" eZee781e¢ '@l 1
<Ze 27—1'72Z1w07Z>2-1-"E>" @1S—ele'Z1e " {’E "¢ o' ESe17Z Z(E-
e’ 1571811 W,Zj™ 0257215572871 7Z1 —el1e‘'SeloeZ>72-1-
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—'e'e]l ' —(E>ZS®Z1+'Z1S-"72—e1"7¢1 W, 1See7EeelS—el+'Z
eCe>Ze7eSe’ " —1 0 " ZeelE " —e>'<z2e71e 1 Z1e"{"E "' ESe17Z 7
— ™M™ eS—eleZ—"EL1SeZ—e1S—e1S1" —e17el 1e¢™Z1ES>E —
implications through identifying population with high serum levels of these two microRNAs,

"—EZ1e'Z®eZ1l —e' —ee1S>Z157Z™ e’ ESeZe1cC17e Z>1 0007 200 1<¢S

T "EeelTel’ —eZ>700¢1S—el1@"Z>EZL el —o'—o

‘Z1S7¢' "> 1eZE*S>Z1—"1E" -™Ze'—e]1 —S—E'Sel’ —eZsZ@C
Se’"—Sel Se7>5Sel EB'Z—EZ1 "72—eSe’"—17¢1 " —S10 "eil W]
and 81460423), the Innovation Program of Guangxi Municipal Education Department
0 il XVWXVZ \]Z1S—«1XVWXVZ YXZidle+'Z1 Sez2>S1 E
XV W\ YAVVVYOS1IXVW] WY _ XXYB3LIXVWY VW_X[W
S—e1 XVWZ WWAWZZiid1l ——"YSe'"—1 >7e5S—-1"e1 28
XVWY]*"WiUdl ZeZS>E*L >7e>S—-1"e1 72S—ej’1l o —" €1 ZeZS>
(No. 2016-11), and Open Research Program from Molecular Immunity Study Room Involving
'—1 ®2+721i1 2ZYZ>21 'eZSeZel’ —1 72S—ej'l “eeZeZ®1S—-
"$eXVWAIVVIY DT
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