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EX AN R L S T S
1. PO BEAE B 5 — B R e R R R, BRVE P54 710077; 2. @fc[g% o &ﬁ@@r@nmmﬂ @@ Fiz 710077,

WE: B SRR (PPIX) 76 AT & B AN R By B (F 4 IR AL BP9 il IR & L. Ak EE
2022 4F 1 2 2022 4% 12 A2 TR EE2= B — M m BB 41 B8 M ITF 52 3 (IR R A1) (33 Bl TR £k 8 35
CFREALAL) (19 B9 3 (SR L) |, D5 2R R 40 44 (8 Fe ARG 25 1 o fE e X MR A o WSO 4% 2 il A 5. L il 3
FFDiRE BEMLTIRE . G 8 1 (AFP) | Z T 3 DNA 5 it (HBV-DNA) \%%fwﬁfsiﬁt(CAP) P A8
(LSM) -7+ k% Kt/ i/ LU B ( GPR) HAs A 4 48 b5 5 PP IX W AR G, iE— 25408 PPIX R DI REAH G
FEPR A PR TN, S5 5R FFR AL IR i 2S5 %0 FR A 51 Eﬂ?” PPIX Lb B2 F A G #E XL
(P<0.05) ;JFR A I REAL2H 9 20 9 B IHZL R (TBIL) 42 M £ 3 (DBIL) | [A]4% B 20 % (1BIL) 2 I R
(TBA) JHG&ERRE (CHE) KI'1A& AR TE (AST) GRIEBERREE (ALP) - A E LI (y-GT) LB HEH (TP) |

H#H (ALB) AFP CAP LSM .GPR I8 RH G it E L (P<0.05); PPIX5 AFP TBIL DBIL IBIL TBA

AST ALP LSM .GPR £ iF4H¢(r=0.359,0.350.0.400,0.299 ,0.238 ,0.238 ,0.396.0.235.0.296, P<0.05) ; PPIX 5
RBC HB .PLT .CHE ALB 2 A5 (r=-0.242,-0.219 ,-0.261 ,—0.341 ,-0.206, P<0.05) , PPIX .TBIL DBIL ALP
o I A58 2 ) T30 A (B, AUC 435312 0.623.,0.728.,0.797 ,0.660, #5i R EFH PPIXUK T TR ARE,

AR R U D et W BB R br o 3G PP IXOKSE 5 R IAER A B 35 UIAR DG , X 0 14 JFF 9 a2 B ot
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Correlation between protoporphyrin IX and hepatitis, cirrhosis, and liver cancer
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Abstract: Objective To investigate the clinical significance of protoporphyrin [X (PPIX) in different stages of liver
disease development, including hepatitis, cirrhosis, and liver cancer. Methods A total of 41 patients with chronic
hepatitis (hepatitis group) , 33 patients with liver cirrhosis ( cirrhosis group), and 19 patients with liver cancer (liver
cancer group) who visited the First Affiliated Hospital of Xi’an Medical University from January 2022 to December 2022
were selected as study object. Additionally, 40 healthy examinees during the same period were selected as the health
control group. The basic information, blood routine, liver function, coagulation function, alpha-fetoprotein ( AFP)
controlled attenuation parameter ( CAP) ,liver stiffness measurement (LSM) ,y-glutamyl transpeptidase-to-platelet ratio
(GPR) from each group were collected and compared. The correlation between various indicators and PP IX was
analyzed. And the predictive value of PP ]X and liver function related indicators on liver stiffness was analyzed.
Results There were significant differences in gender, age, and PP IX between the hepatitis group, liver cirrhosis
group, and liver cancer group compared to the control group (P<0.05). There were significant differences in total

bilirubin ( TBIL) , direct bilirubin ( DBIL) , indirect bilirubin ( IBIL) , total bile acid ( TBA ), cholinesterase ( CHE) ,
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aspartate aminotransferase ( AST) ,alkaline phosphatase ( ALP) ,vy-glutamyl transpeptidase (y-GT) ,total protein (TP) ,

albumin (ALB) AFP, CAP, LSM and GPR between the hepatitis group, liver cirrhosis group, and liver cancer group
(P<0.05). PPIX was positively correlated with AFP, TBIL, DBIL, IBIL, TBA, AST, ALP, LSM, GPR (r=0.359,
0.350, 0.400, 0.299, 0.238, 0.238, 0.396, 0.235, 0.296, P<0.05). PPIX was negatively correlated with RBC, HB,
PLT, CHE, ALB (r=-0.242, -0.219, -0.261, -0.341, -0.206, P<0.05). PPIX (AUC=0.623), TBIL (AUC=
0.728), DBIL (AUC=0.797), and ALP (AUC=0.660) were valuable for predicting liver stiffness. Conclusion The

level of PPIX in hepatitis patients is higher than that in healthy individuals, which can serve as a warning indicator for

early liver function damage. The serum PPIX level is closely related to cholestasis and liver hardness, which is of great

significance for clinical evaluation of the progression and prognosis of chronic liver disease.

Keywords: Chronic hepatitis B; Liver cirrhosis; Liver cancer; Protoporphyrin [X ; Cholestasis; Liver function damage

Fund program: Shaanxi Province Key Research and Development Plan Project (2022SF-577); Shaanxi Provincial
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bRk =, PSR D) SE AT AT A9 40 1M i 248 br B
AHEEE L, WP ABEINKIX (protoporphyrin IX,
PPIX) BA st , vl i 4 i AR 4 i . PPIX
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FH ELISA J7 ¥ # M B Jig 48 B ( alpha-fetoprotein ,
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DNA) . I 32108 47 B R AURS 21 4L 4 4
[ ST G D5 B : 5245 S 4 ( controlled at-
tenuation parameter, CAP, db/m) , i i i )& {8 ( liver
stiffness measurement, LSM,kPa) |, 1115 v-2+ & Bt
T RK T/ 1 /S A b (B ( y-glutamyl  transpeptidase-to-
platelet ratio, GPR) ,,

1.2.2 iy PPIXAG 3 RS R4 5 mL Sh e
JKIMGEEE S, 33T 1.5 mL it EP
-80 C VRffo >R RCMAH 3% (high performance
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1.4 itk RA SPSS 22.0 ki 140112
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TEILE PP IXKF B 22 5 A it 73 L (P<
0.05) . BEZE R 1E e, PP IX 7K Bk i e, (H - hef
fdl S i 22 oGt L Wk 1,

2.2 Kz 4. AFP HBV-DNA CAP {4 LSM {4 .GPR
{Evbd R4 HREALZE s 4 ) S IR ZT 2R (total
bilirubin, TBIL) . H 3241 2 (direct bilirubin, DBIL) |
[a)3 04T & (indirect bilirubin, IBIL) | & H 7/ ( total
bile acid, TBA) . iH 8BS fiff ( cholinesterase, CHE ) | K
[T R BRE4 4 ifi ( aspartate aminotransferase , AST) |
PR (alkaline phosphatase, ALP) | y-75 2 Bi54 %
fiff ( y-glutamyl transpeptidase, y-GT ) | & 25 1 ( total
protein, TP ) . 42 [H (albumin, ALB) , AFP  CAP {f .
LSM i .GPR {H [ 8% 22 5 A Ge it 2% 7 L (P<0.05)

JfH Wt %5 %% 1% fin @, TBIL , DBIL ., IBIL, TBA , CHE ,
AST ., ALP y-GT . CAP {fi .LSM {88k ¥k = , TP . ALB
TV ARG, B R 45 AL 2 9 41 5 )98
B 2E A G2 S LA 5 I 4K A8
o AR AFP ZK-F- B 5 T 98 2 AR Ak 20
(P<0.05), GPREHVIFF R —MIEILL] — gl >
JFFtE . 41 ALT HBV-DNA 3, 22 R 41+
B (P>0.05), WL#k2,

2.3 PPIX5 AFP HBV-DNA A3 4% CAP 14  LSM
& .GPR {48948 % # 547 PPIX 5 HBV-DNA ALT v-
GT TP .CAP {H ¥ JeHH 61 (P>0.05) ;PPIX 5 AFP
BIL .DBIL  IBIL \ TBA (AST ALP ILSM {f . GPR {fi &
IEAHSG, 5 CHE ALB 245, Wk 3,

2.4 PPIX BT 2 4848 % 38 A7 x¢ T AT 45 4 4L 84 T
ROC £k 7, PP IX 12 W i 45 4 4k i iih 2 1 R
(AUC){iX-F TBIL,DBIL il ALP, {H HBURE 5,
RS BRI, 2B FR B . WK 4,

FT1 — BRI PPIXUKFE  [M(Py,Prs) ]
Tab. 1 General data and PPIX level [M(P,s,P55) ]

wi o ow R PPIX (ng/dL)
fHEXTHRZE 40 18/22 38.00(30.00,55.50)  15.43(10.86,20.16)
JFRA 41 29/12°  36.00(30.50,43.50)° 49.21(26.58,93.81)"
JFffbal 33 22/11*  56.00(45.00,65.00)* 73.54(43.98,90.53)*
iR 19 15/ 4% 57.50(53.00,62.00)% 84.01(69.15,124.30)*
X2/H {f 9.968 35.050 64.916

P 0.019 <0.001 <0.001

G BRAT AR, P<0.05; TR AL AL, P P<0.05 5 55 iRl
LA L4, “P<0.05,

%2 HIIFIAE AFP HBV-DNA CAP { .LSM {5 .GPR (5L [ M(Py.Ps) ]
Tab. 2 Comparison of liver function, AFP, HBV-DNA, CAP, LSM and GPR between three groups [ M(P,s,P;5) ]

£zt JFARH (n=41) JFEAEZH (n=33) I (n=19) H/F A PH
TBIL ( umol/L) 14.99(11.61,21.28) 41.14(16.52,55.33)" 39.70(26.22,57.68)* 30.542 <0.001
DBIL( pmol/L) 3.19(2.28,4.13) 16.17(3.98,19.92)* 14.39(6.38,21.09) 45.032 <0.001
IBIL( pmol/L) 10.87(8.84,16.02) 25.48(13.80,34.94)° 24.00(16.69,36.54)* 30.264 <0.001
TBA ( umol/L) 4.10(2.25,6.95) 19.10(7.40,33.89)° 25.25(18.15,51.76)° 35.833 <0.001
CHE(uw/L) 974(7983,10 411) 3431(3 011,5 545)° 3205(1 893,4 091)* 52.839 <0.001
AST(u/L) 28.00(22.00,36.00) 39.00(26.50,53.00) * 43.00(35.00,63.25)* 10.762 0.050
ALT(u/L) 29.00(22.00,51.50) 31.00(21.50,50.50) 37.50(25.75,49.25) 0.646 0.724
ALP(u/L) 95.00(72.50,112.00) 105.00( 71.00,128.00) 202.50(102.50,314.50) 13.567 <0.001
~y-GT(u/L) 24.00(15.50,40.50) 37.00(21.00,117.50) 154.50(36.75,354.25) 14.554 0.001
TP(g/L) 75.30(71.15,78.85) 66.20(57.05,77.35)* 67.80(57.85,69.43)* 13.475 0.001
ALB(g/L) 45.80(42.50,47.70) 33.20(29.10,37.70)* 31.65(30.18,43.80)* 43.976 <0.001
AFP(1U/mL) 3.23(2.03,5.53) 5.35(2.06,61.60) 627.19(9.24,1 984.24) 21.390 <0.001
i EL')DNA (1o 500(100,3 810) 1570(100,56 150) 14 500( 100,59 425) 1.455 0.483
CAP('db/m) 234.56+58.64 284.30+£51.19* 293.80+36.76" 11.716 <0.001
LSM(kPa) 5.70(4.66,7.25) 13.40(10.60,18.25) 18.80(12.08,22.38)* 63.274 <0.001
GPR 0.13(0.09,0.25) 0.63(0.25,1.09)* 1.79(0.63,2.65) 42.651 <0.001

T SR AL, P<0.05; S IFREfL 4L LA,

»P<0.05,
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%3 PPIX'5 AFP HBV-DNA JiFIifig .CAP .
LSM {# .GPR {A i AH &
Tab. 3 Correlation between PPIX and AFP, HBV-DNA,
liver function, CAP, LSM, GPR

EfL 7N r{H PAE || 8b5 r{H Pl

HBV-DNA 0.193 0.067 ALT 0.115 0.274
AFP 0.359 <0.001 || ALP 0.396 <0.001
TBIL 0.350 0.001 v-GT 0.202 0.052
DBIL 0.400 <0.001 || TP —-0.115 0.274
IBIL 0.299 0.004 ALB -0.206 0.048
TBA 0.238 0.022 CAP 0.101 0.339
CHE -0.341 0.001 LSM 0.235 0.024
AST 0.238 0.022 GPR 0.296 0.004

&4 PPIX TBIL DBIL ALP i [k A B () Fii i)
Tab. 4 Prediction of liver hardness by PPIX,
TBIL, DBIL, and ALP

U FRRE ZER

i 8 (B o
5iH i AUC 95%CT (%) (%) (%)

PPIX 61.88 ng/dL 0.623 0.505~0.704 0.766  0.545 0.311
TBIL 24.98 pmol/L 0.728 0.623~0.832 0.617  0.773 0.390
DBIL 5.20 pmol/L 0.797 0.706~0.889 0.702  0.864 0.566
ALP 119.50 w/L 0.660 0.544~0.776 0.553  0.864 0.417

3.4t 8

TS T A 20 U4 ) 2030 4F 4 1T 0 2 M AT
2B EBTA 138 B A S T ARG & &
JiFo MAMTE AR FZES 5 IMARWE ., K PP
DX FRE 35 T A4 B R JIEL 7 00 L, 5| ke AR R M IR 7
ZE , fASFEXT PP IX 9 BR AR IS , 13 PP IX K
FRRLEF R . IR ST & B HBY B 40 A
PP IXARFRIIAT 4 AL
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PR LU A, FE IR I Bl i PP IXOE 5 % BRATY 3 4%,
2 - 40T AT RE R IE G M bk 22, BRI 1l 4
I, — AU DR3P PR LR B . BE A s 17 1 1 g
IM3F PP IX KV Bk ey, {8 I Ak 4 K 98 20 22
TGt 8 X, B RAF I i s DA G 5 ]
i % B9 = 40 = [A] TBIL, DBIL  IBIL ,TBA , CHE |
AST ALP . y-GT ,AFP _CAP {f .LSM {i .GPR & 5 Ifi.
TH TNk i 722 Ak e SR [R] , {H TP ALB 7K Bk A1
5 PPIXZSAb @ # At i o H S HEI — 5 T A bk
AN TE A A T A A S S R 53— T
NI A5 Ak a2 5 I REPERG I0 JH-200 B 35 B IR
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PR R T RS A, S s A — e AR TR, 7 D Pk
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13 PP IX Ths s, Hsbk 4y o e SRR
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ok PO R B S WL 15 7™ R, 8 R A IR A A
JE IR 2 3 PP IXAE N rh A FR 3R ol 40 i
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5, AT B I 1A 9 20 I 5 B, I A I e s AR ik
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Il FEAKF-, AR ek S L HT B AL 5 3 2, S SO
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e, X S0 22 H s — 3 . S — IR SE A
H9,ATP 45556128 H G(ABCG2) iy PP IX ) iHiH
RGN 2R 4 2E Kl i PP IX Tty , S O
PRI o PRI A PP IX T 2 T A 1
PRz, B 00 JR | T 20 R 82 2 40, JHF 400 el
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