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# # 5974064630 : MAJOR MEDICINE

KEYWORDS: ANGIOTENSIN II / DIRECT-ACTING ANTIVIRAL / HEPATITIS C / FIBROGENESIS
NICHA TEERATORN: Changing of Serum Angiotensin Il Level in Chronic Hepatitis
C Patients Who Achieved Sustained Virologic Response after Direct-acting

Antiviral Agent Therapy. ADVISOR: ASST. PROF. PIYAWAT KOMOLMIT, Ph.D., pp.

Introduction: Animal models revealed systemic angiotensin Il (Ang II)
augmented hepatic fibrosis via renin-angiotensin system, but Ang ll/angiotensin (1-
7)/Mas receptor axis resulting in hepatic fibrolysis. Eradication of hepatitis C (HCV)
results in regression of hepatic fibrosis demonstrated by histology, imaging modalities,
and serum cytokines. We hypothesize that Ang Il might involve in a molecular pathway

influencing hepatic fibrosis improvement after HCV eradication.

Methods: Chronic hepatitis C (CHC) patients with compensated liver disease
were prospectively enrolled for direct-acting antiviral agents (DAA) between July 2016
and September 2017. Baseline characteristics, HCV viral load, HCV genotypes, liver
enzymes and liver stiffness measurement (LSM) were assessed before treatment. Blood
samples were collected at baseline and 24 weeks (SVR12) then evaluated for Ang I

levels using enzyme-linked immunosorbent assay. LSM were repeated at 48 weeks.

Results: Forty patients were eligible for analysis. Mean+SD of age was 57+10.4
years and 52% were male. Median LSM were significantly decreased from 14.3 kPa at
baseline to 8.6 kPa at 48 weeks. As compared to the baseline level, at SVR12, Ang II
level was significantly increased from 149.0 (interquartile range or IQR 115.4) to 286.9
(IQR 191.1) pg/mL (p<0.001).

Discussion: After curative treatment of CHC by DAA, the improvement of LSM

and increase in serum Ang Il were demonstrated.

Department: ~ Medicine Student's Signature

Field of Study: Medicine Advisor's Signature
Academic Year: 2017
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Alpha-SMA
ACE
ACE2
Ang |l
Ang-(1-7)
AT1R
BAMBI
CHC

CTP

DAA
eGFR
ELISA
ET-1

HCV

IFN

IL

JAK/STAT

kPa

AMsUNEFyANUAlLAALD

Alpha smooth muscle actin
Angiotensin converting enzyme
Angiotensin converting enzyme 2
Angiotensin |l

Angiotensin-(1-7)

Angiotensin Il receptor type 1

Bone morphogenetic protein and activin membrane-bound inhibitor
Chronic hepatitis C
Child-Turcotte-Pugh score
Direct-acting antiviral agent
estimated glomerular filtration rate
Enzyme-linked immunosorbent assay
Endothelin 1

Hepatitis C virus

Interferon

Interleukin

Janus-activated kinase/Signal transducers and activators of

transcription pathway

Kilopascals



LSM
MCP-1
MELD
MMP
NF-kB
PDGF
Peg-IFN
PRRs
RAS
SVR
TGF 3
TIMP-1
TLR4

TNF-alpha

Liver stiffness measurement
Monocyte chemotactic protein type 1
Model for end-stage liver disease
Matrix metalloproteinases

Nuclear factor kappa B
Platelet-derived growth factor
Pegylated interferon

Pattern recognition receptors
Renin-angiotensin system

Sustained virologic response
Transforming growth factor beta
Tissue inhibitor of metalloproteinase type 1
Toll-like receptor 4

Tumor necrosis factor alpha
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Patient’s factors
influence All level

- Drugs: renin-angiotensin-

- Malignant hypertension

- Congestive heart failure

aldosterone system,
Chronic hepatitis C - -» eram e diuretic agent, oral
(start of treatment) Y
contraceptive therapy
- Renin secreting tumor
DAA
- Renal hypertension
SVR ., Serum All level
(SVR) .
Techniques
influence All level
- blood collection,
extraction, recovery
and calculation
Y
Angiotensin IILT > TGF 31 lT TIMP-llT
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WU 13 kilopascals

M5 INTBBILe (estimated glomerular filtration rate) quﬁwmm Thai

estimated GFR equation #4il

(-0.848 -0.364

eGFR = 375.5 x serum creatinine ' x 018 0369 % 0.712 (5%{114;3’1/1@@\‘1)
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AUBNLEUT (pattemn recognition receptors, PRRs) inlmianisnsgdunseuiunsdntaulag
mavdslalalen] W interleukin (L) - 1 beta, IL-18 Wagnsgfun1saine pro IL-1 uag pro IL-
18 {IUNTEUIUNITVOS nuclear factor kappa B (NF-kB) *

Sloiiansindevomssniauluiiu awaaniead (stellate cel) azgnnszdulif
Wasuuwladluduwadifidnvasadelilolilusuaias (myofibroblast-like cell) waznds
a19619 9 WY platelet-derived growth factor (PDGF), transforming growth factor beta
(TGF 3), monocyte chemotactic protein type 1 (MCP-1), endothelin 1 (ET-1), Ang Il Lag
leptin sausuITuresEsInadeead dmaliinisuduazavanasuen
\waa (extracellular matrix) 1N uaﬂmﬂﬁamammL%ﬁﬁgﬂﬂizﬁué’wéﬁ tumor necrosis
factor alpha (TNF-alpha), TGF j3, tissue inhibitor of metalloproteinase type 1 (TIMP-1),
collagen type 1 &g integrins %aé’ué'jy’aﬂizmumsmasumal,maLam%aa‘ wag TIMP-1 E"JJUE?Q
N1591197UT09 matrix metalloproteinases (MMPs) danalynszurun1syinaneninanas 2

msfnwluszduad wudn Ang Il Adufu ATIR nseAu toll-like receptor 4 (TLR4)
LLaSETUEng bone morphogenetic protein and activin membrane-bound inhibitor (BAMBI)
vhlsinnsvhanees TGF 61 luamaaneadifiuinniu  dwansedu Smad cascade vilvid
n13dvau collagen type 1, procollagen I, procollagen Il &g fibronectin mm%u 1n1s
ns¥AU TIMPs Ui MMPs wazNIEAUNITasIe TGF A1 wonand Ang I danseAu Janus-
activated kinase/Signal transducers and activators of transcription (JAK/STAT) pathway
Tnemse vileadadns collagen type 1 3ntu 1 duwalviuiifrinunniy

dfunares Ang |l sensiinieiaiy e Ang Il gnuasTlamudu AaulsnR
ulydy (angiotensin  converting enzyme 2, ACE2) Waswduweadlowmudu-(1-7)
[angiotensin-(1-7), Ang-(1-7)] w%a%’uﬁuﬁa%’maﬁiamu%um;uﬁmﬁam (angiotensin I
receptor type ll, AT2R) aziinnsasuuvadlummsetudny Aeazdudimsiauves TGF

A1 Ml luduanag 41
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v W
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v o
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NMINTINEANINN 12 Weundssnwatehdadusniauseswngdumeiiiieseu (IFN)

U

wuinulleduiinsdniavanasuagiidnuinanalanwadignnszduanasegeiitudAynig

q

aha Loy IFN Anadudinisuusdivesainalanieas uagan expression 1049 alpha-SMA Tagly

(% v 6

Fuusnsnovaussnanssnwlsa

' [ = V1 LY Y ad oA
atdlsfinnn msfinwdelsadudniaudisesai
Snwy IFN wud dUreiinmalinulifaludondUnvn 24 wdamgansine awnsaan

Waraludula 2.69 wih WewlSeueuiugirenasaanuhsadludendUnvin 24 ndameans

Shwn egralifeddgvneadid 2 warlugthelhdadudniaudiiess 3,010 518 wud JUaei

! Y a v A U 1 4 oY oA v A U 1 b4 !
G]EJ‘UZ“{‘L!ENG]EJﬂ’]iiﬂ‘H’]iJWleﬂiuﬁULLf—Jaﬂu@‘EJﬂ'J’]E:lU’JEJﬂE}@JEJU (WQN@IU@‘ULLU@\‘] I08RY 7 IUﬂQM
a 1 ) o oA o & o Y oA !
NADUAUDIABNITINYY FB8aY 17 IUﬂ@MWﬂaULUu%W LAz Iuay 21 IUﬂQNVIIMG]@UﬂUQQG]@
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=
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an3il 1: Peg-IFN Saidntulaiavils dUnnviay 1 As3 wag ribavirin SuUsemuiuay 2

Y

[y

A% 330U sofosbuvir SUUsEML YUR 400 Tadndy Juay 1 A% Wunawu 12 &Ua

ansfl 2: sofosbuvir futszyurun 400 TaAndu Tuay 1 A%y S0y daclatasvir
SuUsEvuvLn 60 fadndy Juay 1 ase Wunan iy 12 dUa

ansfl 3: e1gRIHANTENING sofosbuvir ¥R 400 TaAn3a uay ledipasvir YuIA 90
faanfuduussnuiuay 1 ae Wunawnu 12 &av ansadnwiunuiios 8 duasily
Adeaneiug 1b 78 Uunalhdadluden (HOV RNA) Aeunisshen tesnin 6,000,000
IU/mL

ansfl 4: sofosbuvir $uUsEMUIUIR 400 fiadn3u Yuaz 1 afa S2ufU simeprevir
fuUsemuaun 150 fadnda Suss 1 ade Wunan w12 den

WUNULAR): simeprevir 1ﬁ1msﬂuaﬁﬂﬁuﬁ: 1a i Q80k variant

qmﬁ 5: 9IGATWALTEIIN paritaprevir vUA 150 HadnTH Wag ritonavir 319 100
fladn%u way ombitasvir Yun 25 faansa Juas 1 aSe Saufu dasabuvir vuim 250 Jadn3uy
fuUsenu Suss 2 ade Wuneuny 12 de

vanewe: 197 ribavirin Suussniuiuay 2 ade Sauseluaeius 1a

dheidnnzsiuud

ansfl 1: Peg-IFN Anuinduldifanils dUnwias 1 ads wae ribavirin SuUsenmutuas 2
A% 590U sofosbuvir SUUSEMY YUNR 400 Tadndy Juar 1 A% Wunawnu 12 &Ua

ansfl 2: sofosbuvir FuUszyuIUIA 400 Tafndu Fuay 1 A%y S2ufU daclatasvir
FuUseuug 60 fadndu Suas 1 aSe Faufv ribavirin SuUsymuuay 2 A% Wunaiunu
12 &Upnsi e itlianansalden ribavirin I8l#Enwuutud 24 dUai

ans?l 3: sofosbuvir SUUsEMIUILIA 400 Tadn3u Juay 1 p%s ity ledipasvir
FuUsemuaue 90 fadndu Juay 1 A $au AU ribavirin Suusevutuas 2 afe Wunaiunu
12 Ui Iuﬁﬂwmﬂawmimﬁm ribavirin T8l%Eneuududy 24 dUavi

ansil 4: sofosbuvir fuUsEmIuvUIe 400 fadniu Yuay 1 A%y $2ufy simeprevir
fuUsenuaun 150 Hadndy Susr 1 A% Saufy ribavirin Sulsemnuduas 2 ade {Ju
NaUIY 12 §Uan Iuﬁﬂwﬁlﬂaﬁmiaﬁm ribavirin M@lFsnwuuTwdy 24 dUa

qmﬁ 5: 91gATHANTEWINS paritaprevir YA 150 daan3u Uag ritonavir ¥u1A 100
fladn%y waz ombitasvir Yua 25 Jadndy SuUsevutuas 1 A%e $9uU dasabuvir Tu
250 fiadndu YuusEmuiuay 2 afe uay ribavirin SuUssyutuas 2 ads Tdngnwiuu 12

dUasi dmTuaneiiug 1b uazunu 24 damidmTuaneiug 1a
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F18nUS 2

giheidvseluiinisiuuds

ansfl 1: PegIFN Aauinduldifanils dUavias 1 ads waw ribavirin Sutssmutuas 2
A% $2ufy sofosbuvir §U Usemuauna 400 adndu Yuas 1 ada Wunau 12 e

ansfl 2: sofosbuvir futszyuruIn 400 TaAndu Tuay 1 A%y $2ufU daclatasvir
fuUsenmuun 60 faanda Yuas 1 ade Wunan w 12 &Uai

ansil 3 sofosbuvir JuUsEMUYLIA 400 fiadnfu Suay 1 p%s $20/U ribavirin
fuusemuiuay 2 afe Wunaiuu 12 &ev Tugfthelaifisuuds uazuu 16 fe 24 §Uansh

L7 Aa o <@
E;JU’JEJ‘V]@JQT]%WULL‘UQ

s -4

A18NUS 3
AIUNUG 3

D) Ao 1P o =

Hhengaladnnesuuts

40591 1: Peg-IFN Aaindulafavits dUaviaz 1 AT wag ribavirin Suusenuiuag 2
ASY AU sofosbuvir SUUTEIU VLR 400 Haansu Juaz 1 ase Wuwatuiu 12 e

gnsil 2: sofosbuvir SuUsEMUIUIA 400 Tadndu Tuaz 1 A3 SAY ribavirn
Suusyuwiuas 2 ase Wunatuiu 24 e

gn31 3: sofosbuvir SuUsEMUIUIA 400 Tadndu Tuaz 1 AT 53UV daclatasvir
SuUsemuaunn 60 Taansy Yuay 1 asuduaiuiu 12 dUam

PR Ao o <

HUIENIN1IAUUDY

an591 1: Peg-IFN athdulafavitls dUaviag 1 AT wag ribavirin Suusenuiuag 2
A$I AU sofosbuvir SUUTEIU VLR 400 Haansu Juaz 1 ase 1Wuwnaiuiu 12 e

an31 2: sofosbuvir SuUsENMUIUIA 400 TadnTu Tuaz 1 A3 SV daclatasvir
SUUSEMUIUIA 60 Hadnsy duar 1 ASY SIUNU ribavirin SUUSEMIULEIE 1,000-1,200
faansu Tnsuussuusemuiuay 2 ase Wunaiuiu 16 89 24 dUasi

e Shendunany 12 d&ansilunsdiiiluies bridging fibrosis

A1uWug 4
R o 1 o IS
Hhengalaidnneduuts
an391 1: Peg-IFN Aaintulafiavits dUaviag 1 AT way ribavirin Suusenuiuag 2

ASI AU sofosbuvir SUUTENIU VU9 400 Haansu Juar 1 ase 1Wuwnaiuiu 12 e
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ans?l 2: sofosbuvir 3UUsEyUILIN 400 Tadndy Tuag 1 p¥s 970U daclatasvir
FuUsenmuun 60 faanda Yuas 1 afe Wunan w 12 &Ua

ansfl 3: sofosbuvir SUUsEMIULUIA 400 Tadndu Susz 1 A $1ufy ledipasvir
SUUsEvurLIn90 dadnduiuas 1 ass Wunauu 12 Uaw

ans?l 4: sofosbuvir YuUsEmiuvuIe 400 fadndu Yuay 1 A1 $2ufy simeprevir
fuUsemuun 150 fadnda Suas 1 A% WHunan w12 dan

deiinmeduuds

ansfl 1: PegIFN Bauinduldifanils dUawias 1 ads wag ribavirin Sutsemutuas 2
A% 33U sofosbuvir SuUsYMIL YUnR 400 Sadndy Juay 1 ads Wunawu 12 e

ansfl 2: sofosbuvir futszmuun 400 faAndu Tuay 1 A%1 $2ufU daclatasvir
FuUsenuaun 60 fadndu Suaz 1 aSs Saufu ribaviin SuUsymuiuay 2 A%e Wunaiunu
12 Ui Tuﬁﬂwﬁiﬁimmiﬂ%’m ribavirin T8l¥Enwuududy 24 dUavi

anfl 3: sofosbuvir SUUsEVMUIUIN 400 Tadndy Susz 1 A $2ufy ledipasvir
FuUsEnuaun 90 fadndu Suss 1 ASs Saufv ribaviin SuUsymuiuay 2 A% Wunaiunu
12 &Upnsi Tugeitlianansalden ribavirin WWliEnwuutudu 24 duai

ansfl 4: sofosbuvir $UUsEMILIUIN 400 fadn3u Yuaz 1 a%a S2ufU simeprevir
fuUsenuaua 150 Hadndu Suss 1 A% aufu ribavirin Sulsemuduss 2 ade Ju

nauu 12 dat Tugthenlianunsalden ribavirn leldsnwunududu 24 dav

A18WUS 5 uas 6

A o 1 o <

HaendalsiiingIeauuty

an591 1: Peg-IFN Aaintulafavis dUaviag 1 AT wag ribavirin Suuseniuiuag 2
AS9 9 sofosbuvir SuUsEnIU YR 400 Tadnsu Tuae 1 A% Wunaiuiu 12 dUani

ans1 2: sofosbuvir SuUsENMUIUIA 400 TadnTu Tuaz 1 A3 SV daclatasvir
Sudszmurun 60 Jadnsu fuae 1 39 1unan wiu 12 dUani

gn3fl 3: sofosbuvir FUUsEMUYWIA 400 Tadndu Juay 1 A%s 9uAU ledipasvir
Sudsemurun 908aansu Juas 1 A5 wWunaiw 12 dani

N a o/ <

HUIENIN1IZAUUDY

40391 1: Peg-IFN Aaintulafavits dUaviag 1 AT way ribavirin Suusenuiuag 2

ASI AU sofosbuvir SUUTENIU VU9 400 Haansu Juaz 1 ase 1Wuwnaiuiu 12 e
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ans?l 2: sofosbuvir 3UUsEyUILIA 400 Tadndy Fuag 1 p¥s 970U daclatasvir
$Sutssnuua 60 fadniu Juag 1 ads Sy ribavirin SuusEuiuas 2 ads Bunaiu
12 &Upn9i Tugeitlianansalden ribavirin I8liEnwuutud 24 duai

ans?l 3: sofosbuvir SUtsEmuILIN 400 Tadn3u Juay 1 p%s ity ledipasvir
$uusEmuLun 90 Tadndu Tuar 1 Aa $2u ribavirin Futssniutuar 2 afadunaiuy
12 &psilugtefilaianunsn 14e1 ribavirin Talinssnwuutud 24 dUai

astuumamssnwhfadusnaudiesilaslalld PegIFN fveasiBondinnsed 1
ey 2
M3 1 wwanansinundtaslafadusnaudiGesidassduidelafafieanguilasase

TugUaeilifinaziuuds

awﬂ’uﬁ: Sofosbuvir / | Sofosbuvir / | Sofosbuvir / | AbbVie’s Sofosbuvir /
Ribavirin Ledipasvir Daclatasvir Simeprevir
la - 8- 12 12 dUai | 12 dUai + | 12 dUai
dUmm Ribavirin
1b - 8-12 12dUa | 128Uet | 12 dUad
dUa
2 12 dUa - 12 dUani - -
3 24 dUans - 12 dUai - -
4 - 12 d8Uat | 12 dUanvi 12 dUo
5/6 - 12 dat | 12 dUanvi - -




15

”uy

d. %3 1 %3 % 3 = = d’l % dl Q‘
M13199 2 wuwsmsinungiaelifaiudniaudizeSeiisenduelifaneangrslaense

TugUaeftinnisaunds

3

maﬁuq Sofosbuvir / | Sofosbuvir / | Sofosbuvir / | AbbVie’s Sofosbuvir /
Ribavirin Ledipasvir Daclatasvir Simeprevir
1a - 26 @pi | 20 dUa i | 24 dUai | 24 danii
VD! D) + Ribavirin D!
12 dUawh + | 12 dUmi + 12 dani +
Ribavirin Ribavirin Ribavirin
1b - 24 dpi | 20 dUat | 12dUai | 24 danii
YD) ER) + Ribavirin D!
12 dUavi + | 12 dUnt + 12 dani +
Ribavirin Ribavirin Ribavirin
2 16 - 20 / 12 dUan - -
dUan
3 - - 16 - 24 - -
dUani
+ Ribavirin
4 - 24 et | 24 dami - 24 §Uan
D) 30 %30
12 §Uavi + | 12 dUmh + 12 §Uadi +
Ribavirin Ribavirin Ribavirin
5/6 - 24 et | 24 dUaii - -
D) 39
12 §Uanvh + | 12 dUmii +
Ribavirin Ribavirin
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luiligdu ms¥nwnde DAA Tweengqrddudinmaiuduuuaznsinidelneiinadi
h¥alaense  lifinasionsusugliduiuvesiume  Wunsshvineasguiiiinadenisme
(SVR) g3 finsfnwuuy prospective lunangantu wuimdsnssnun fiieiimeanlsaa
1A19839 Model for end-stage liver disease (MELD) tiaz Child-Turcotte-Pugh (CTP) scores
anasmeluszezialifidoundimanuing Ssehmsvinuvesiuity 2
dosmnmsanuludainaass wuin Ang Il duiusiunisiiedeielusiu  uas
msfnwlufthelhdasusnauiiosdasTienegimaihanures ACE wuiwdanineiinig

Mures ACE anas widslaiiinsfinwssavves Ang I Tugthelhdadudniaudnlasuns

v 1%
Y o =

Snwy DAA MsAnwiREnTuitefigauinseau Ang Il 9199giimsiUdeulUamainin
SnwUaglimeanhifadudniaudisesaing DAA Tneliladunanisainmssnwmesiee

duwasysau
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Ui 3

AT HUNTSIVY

3.1 gUuuunsIvY

nsAnwIBIATIEALUULUTMTN (prospective cohort, observational analytic

study)

3.2 s2iauion19798
3.2.1 Y5e¥1ns (population)
inain1sAnLEanUszYINsII139ulAIN15398 (Inclusion criteria)
1. engsaust 18 Tauly
2. Andslhdaiudnauditess Ineldfinmedunderidunnn (chronic hepatitis
C with compensated liver disease)
3. Wsumssnndeedudishdafieanguslaense

NAINSANLABNUYSEYINTDBNAINIATINISIAY (Exclusion criteria)

1. Anelhisasudnauivay/vsawevle?

2. Fseduananvedu Lok @351 N19A%UeLA FUBNEUIINYTAIUNIUALLDS
a d’lj < 1y a a 1 o a = 1y

N3Ane ugse lsaiila anuRaUnAvdndavsenugnssy

3. Tdeniloangvisdeszuulsiu wosdlawmudy woalaawalsy wu ACE

. . . . U A -3 o a

inhibitor, angiotensin receptor blocker, g1vutaaniy NIDYUAAUNUA

4. flspuzisa

5. ﬁmmﬁu‘laﬁmqqmmdﬂ 220/120 fadunsuson

6. Hn1zlanesesiianisyinueedatesnii < 60 TaaansAauinen1s1e

LIRS

WNAUNNITNBUUTZYINTIINATINTSIVY (Withdrawal criteria)

1. 97181@ASUBNDUAIINNNITANEN

2. lil¢ sustained virologic response



3.2.2 @01u L5ane1u183wnadnsal 1873 auu wigs1udl 4 lauvuiu ngawmne 10330

3.2.3 wailalun13guiaagng (Sampling techniques)
Uszmnsilmune (Target population) gUrehisadusnauiiseslulssmnalne
Uszynsiieens (Sample population) {theUaeliFadusnauiisesaniisu

nssnwlulsaneuiagunansal

3.2.4 YUIAA29819 (Sample size)
dll 1 a = Y qu:l ¥ U £ £ a d’lj [ Q"q./ 1%
Wesnnliedinsfinusedu Ang Il luasugiglifadusniaudisesaninueie
DAA MniiansanIsAnwlnalAes §93n ACE activity Tudsugtheldadusniaudisessen

$nwene Peg-IFN 7

(Z1-a/2 +21-p)°0°

n =

MCD?
n = YUIAAIDEN
z = sefuATNEoY 95% 91nM1319 Z Aty 1.96
(04 = ANURANEInYRINTETUANYEUSEVINTINNAETRYDIAIBENS
Avunlidu 0.05
B - AAnuanLadeuiseniuly adlviviitu 0.1
o’ - AIMULUTUTIU = (3.25)7 1U/L
MCD = Minimal clinical difference (expert opinion = 2.5 IU/L)
n = (1.96 + 1.28)(3.257 / (2.5F = 18 AU

18

fnsunudegrsiin 20% Ju 23 au dwsunsdiieianisinany viesandain

AN
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3.2.5 NMMSEWNALAZAISIN (Observation and Measurement)

NsduNYalUTEIALAZR IR INENNATINNUEU Y

Toyanugu town e1g we lsausednd eniild UseTanmsinulifasudniaud

nsnsIaaiBaUuRnisneunsinwkazranvensnel 12 dUan (SVR) 1ok
mmauuﬁa}uauﬁwﬁa@ (complete blood count) msudsiveadon (coagulogram) N3
791uvedle (blood urea nitrogen wag creatinine) tnasus (electrolyte) N1SYINUUBIAU

(liver biochemical test) angwiugvashidadiudniaud wasUsunalifadlubeon

TAnudavguvesiiu (liver stiffness measurement, LSM) fousnwILaenaanin
$hw 48 FUaMighedT transient elastosraphy (TE) tnewp3asinlusauny [Fibroscan® 502
Touch (Echosens, Paris)] Anansauanguvasduldlsegiuvenisindnsa 10 as Tneil
ImsMsIngusauInnindesay 70 (success rate > 70%) wardndiufidusyninemiolng
setisegutieuninfesas 30 (interquartile range/median liver stiffness ratio <30%) &vin
nsasalasunsussmedednsiusesuasiivsyaunsalnsnsivednetios 100 A% N150519
Tdvmsraauinnans (M probe) asaidunduenn Tasdthssathuazawnsegnados 2 dalus

ADUANTIV LATATITUYINUBUMINLENWIUINTUN LD AT BY 2

[y N = & fal Y =2 ' [ @
N39539520U Ang Il Tudsy adulalalaundesnisfinu feushwiuasndmeanis

Snwn 12 &Uana

1. \fushegradenvesithennauiigumgdl -70 ssriwaldea
2. a9asEiU Ang Il TudSuvesiirennaundendufeds ELISA Tagld
ELISA kit for human Ang Il (CEA005HuU, Cloud-Clone Corp., Katy, TX)

Tneiisneazlden fad
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2.1 %u’umauﬂ'1'5Lm%ma'ﬁm%lﬂuéhmzﬁ’mﬁﬁ%m (Reagent preparation)
2.1.1  msyasazaneuInsgd (standard solution)

2.1.1.1 dwviagaeunnsgu (standard diluent) 1 fiadans
NeliTigamniivies (18 - 25 ssmiealdea) um 10 w1l
wenansiun 9 laglivilmnanes

2.1.1.2 msazmammgméﬁy’qﬁu (vaoad 1) Sanududiu 20,000
po/mL  Wieeuansazanevaensi 2 Wilaududy
2,000 pg/mL

2.1.1.3 wisuasazaneviaenil 3-6 lagldansazatounnsgiu 0.6
HadanT  dazlleaglillanuuty  666.67  peg/mL,
222.22 pg/mL, 74.07 pg/mL, 25.69 pg/mL MuS6U

2.1.1.4 viaead 7 lildasazansunsgiu Wideundutudu o

pg/mL (Al 2)

AN 2 NTATBUETALAENINTFIY

300pL 300pL 300uL 300pL

Y4

S S Sy Sy Sy &=

Stock ' 0. smi
Standard ' » B M 1
—_ - - 0. 1mi
Tube 1 2 3 4 5 6
pg/mL 2,000 666.67 22222 74.07 2469 0

(n1a1n CEAOOSHU 96 Test ELISA Kit for Angiotensin Il Instruction manual)

2.1.2 a’liﬁwtﬂuﬁaﬁﬁﬂﬁﬁ%m ¥1im A (Detection reagent A)
2.1.2.1 Juansdeuld (1wl 3)

2.1.2.2 139919 100 ¥
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A 3 nstuansnauld arewaSaenIuansazane (stirrer) lagAd1uts9 2,500 saUAD

=
UM

213 a’lﬁmﬁﬂuﬁ?ﬁ’lﬂﬁﬁ%m %1in B (Detection reagent B)
2.1.3.1 Juarsnould
2.1.3.2 138919 100 "1
2.1.4  @1savaled1nsuany (Wash solution)
2.1.4.1 w3guansaza1sdmsuaaUuUy (wash  solution
concentrate) USind 20 fiadans mautnauUIuIng

580 daaams  sIuUSuImsANTaratgdmsuUaANe 600

D)

L GRIZE

L4

2.2 JURDUNITIATIZI

¥ <

221  yanegeuililuviin 96 Yoq (96-microwell plate) Timmun
901 (well) dwiuasazatsinnsgu uazvesdmivansi
ABINTNAFDU

222 whsuasidesnsaaeuyiung 50 llasdns/des

223 ldensilddudniniisen via A Usuns 50 lulasans/ded

224  wanasatiulaely microplate shaker

225 9u (incubate) gavadeuluaamgil 37 esmwaidua Junm

1 4las (Al 5)



22

il 4 Yanageauvlia 96 dae Muuadaus (column) 71 1 waz 2 Wuasazany
NINTFIU wazAANAT 3 -12 59w 80 Yo Wuarshidesmmadey (F5uvasiiae 40 Au

ADUKATNAITNYY 12 dUANY 57U 80 A29814)

1

weme Tutiansnueen1sieszd @159z liild @unew 2.2.1 - 2.2.10) iy

MNVRIIINAATIERAITATUNNVUA DU

226 vdingnamdeu dauvesasilidusyuiizer via A
wguiudntos Wdeyaneasulifigamgivesauniiansly
wiazdoszsruduiedsiumiiowdy (nwdl 5)

227 TdUWesnuunastes (multi-channel pipette) 8198135078
asazanedmiuaasums 350 llasans Al 1wl
Fureuvafindslutosiensyay &ansietunou
Fandnsam 3 ads

228 Tldasiiliidudnigiter e B Usinas 100 lilasdns/
%09

229 ouyanaaoulugamnll 37 sarwaldea Wuan 30 Wil

2.2.10 é’ﬂamwﬁy’umau 227335 ﬂ’%l’ﬂ
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0¥ 5 Incubate YanaaauTugangil 37 asanwaides Wua 1 Falug

2211 Tdansaiu (substrate) U3uns 90 lalasans/ves sugn
naaeulugamgll 37 ssrwaidoa Wuan 15wl nasen
dusililugangiviedluuinnilignuas asdanaiansitls)
{13 azdswdudd (i 6)

2.2.12 Tdansavanedmsungnufiisen (stop solution) Usuins 50
lulasans/doe sedunainansai avwdeududmies (nmw
A7)

2213 aswadeuiildflonevionaduans  dilutarfinnnue

AAUWLAT 450 UNTULUAT



AT 6 FvaeansuaaNaNasnedu aziasuanlid

a & =]

ddud

1
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3.2.6 JUNDUNITNIIVY

1 uainguszasa

1%

TJupauNTITeiug e

2. fUheaswelinsbuseniluanednvaldnys (informed consent)

25

3. gUrgnesndemunisinuifusungUlisuenyn  2-4 dUami wuunndiive

dunualUseiiuarasiasame  JUieSumsianzifend miunsisnnuanysaives

LﬁﬂL?ﬁ@ﬂ MMIUY0ILS LAaTNSINMUVDIRULNBRAMINAIISNY Lard1nsunTIa

[y

8AU

naangan1sinw lnelsigagidendanini 8

] A o ' = ' o < v v ¢ o
ATNN 8 FLYSLIATNNUNIDLADN LLU\‘lﬂ']’JZGIULL‘U\‘i‘UENE‘\jIU’JEJLLﬁ%ﬁ’]ﬂwuﬁﬂlaﬂ‘lQ’i’d

dUnnvin

s W 2 v
Laifisuuds nnaneug

'
&

MIoAULTY anenusn

q

124uaz 6

o W < v o
HEIULLU awwuq‘w 3

0 12 24 36
| 1 ! ]
I I I 1
Susnwn #@uaenisinsn  SVR
1 1 1
I T |
Susnw duaan1siner  SVR

4. FIUTIWMBE1NEAINENTIATEIU Ang I TudSumeds ELISA MvieaujuRns

s [ a v Y
QUHWQWMLIJUL@WW’NWWUIiﬁWU

3.3 M539UTIMTRYa

d01ui velIASTUUNIBALEIMIS ISINEIUIagRIaINTal

giiudoya Ao fandunside

Ang Il MABUSUNSINWY wagndannisusnwnn 12 danviauds 12 dUam
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3.4 9231NA N5

M5n529598U Ang I Tud%y onalallduusfumuiusesiu Ang Il ludeidodu uins
aetuieduludtish¥adusnauifierfunisinude DaA Tudgiufierudssminnd,
Ustlovidlésu uenandl lumsfinwineunth uansisedu Ang Il Tufthelsnfugsninund
waz Ang I figstuludeniinaronisifasinlufuresdninnassads dafu msinszdu ANG

I TwAsuveaUaeunazdusiustunu (surrogate marker) iy

3.5 9aNA1SUINIUIIYSITY

nanAMAsnluyaea (respect for person)

granadasnnauiidnTnaddelaglasunistnrulindrslaeaingla wazdl

JUABUANLUINTFIY 85U IR AN NSIMANANNIYD99IUIE SAIUAUUTTENITA15HN

<9 9

]
va o al

PuLarnTUfIRMEnIdsTmnuide wazdudesdnsinudinay Navsnazaouiiain
MAdelalnglideswnldandemes viiegnaviaenisguasne lasinsidelauanaaansn
lumnuudiufnazmssneinudu  (privacy and  confidentiality)  laennsidnsau
Tasimsidoadsiidululnemnuadindla  mnenmadashiatasloasdiin viowdeulaf
annsnufasnausldnaania Tnsnsvenausheenanlassnmsifedazlifinaronmsnua
$nwnlsavesoranasinsluounan fimsfnwiteyannuduveseianaing lnsdoyafienaiilig
nsUawmeiienanadasazlasunisuntauasldilnme oansn sy

yannsiuselewy inaliinsunsie (beneficence/non-maleficence)

Va v

aranadasarlasunisinwbifadusnaudniuunsgiy wavIduinsesiiiegns
Honiiofigatanufgiuinseiuves Ang Il Waguwlawdnshwlhiadsusniavavie e

Duiugulumsitmunnssnedloe sl enanadasdedideyanisnisunndvesvinuisly

Y o LY 2 o LY

afnuarlaiuunyinidemeanudndasuasudslviginddensuanuiauniniindu

Y

seninedsilulasenisivy
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NANANLEFATITU (justice)

A diiinainisfninuazeenagatnlaunuse e uiside wagLitoAIy
Unoadevesenanadns  o1anadasnnvituaslasunisquanuuinsgiuegrainileuiu win
NnduUATIENITENIEENINGaUIINMTITE  oaalinsaglasunisquastamneganlaglidide

Aldarguaroraadinsynvidivingiarinsdniiiiofnderidelanasn 24 43lud

3.6 NM19AATzdaya

myaszvideyaldlusunsy IBM SPSS Statistics for Windows, Version 22.0 (IBM
Corp., Armonk, NY) IW&JLiJ'%EJULﬁsJUizé’ULLaﬁT,amu%umﬂu%%’mauLLawé’ams%’ﬂwﬂmﬂ%
repeated measure quantitative pre-post observational study (paired sample t-test)

dmsudayadanssauuanulumiuduasiesay feyaleUSinauanadudiade (mean)

[y

wazdudetuuNInggIu (standard deviation, SD) v3eA1iseg1U (median) wazide

° v aa

| s 4. . o 1 a o
531198104 (interquartile range) MuuAAI p <0.05 Hdvd1AENEDA
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4.1 fidnsaun1sinen

¥ '
a A v Ao

Atrehfadudniaudisesinshuvimnevinmesdinuelisaneengnslnensadisy
5398 40 Au FUrenmualiidinaninisandendszvinseanainlasiniside wazlaigUae
o = Y . = Jay a o o
00UMBBNIINNTANYY NquitegtlunsAnwlidiengade 57 + 10.4 U \WunAreTosas
52.5 lesunisitiadelsadudniaudaneniug 1 fevay 64.1 areiug 3 Seuaz 23.1 wavans
Wug 6 Sevay 12.8 Ysunalifanausnwuady 6.2 + 0.6 log IU/mL (3,080,636.2 1U/mL)

T8aLBUANUF UV UIUNBUNTINYILEAININITIN 3

v & v A £ P~ = vy Lo )
anserduelifanieengnslagnsenldlunisfnudl laun sofosbuvir saufu
daclatasvir Seuag 75 way sofosbuvir 531U ledipasvir Segay 25 uaridUiviesay 70

195U ribavirin S48

4.2 HAN1TAIATIZINITONEULAZANNE AN UVDIAY

ANLTsEgIUTEAUBYANTY NI UFREIUE (alanine transaminase, ALT) Ny Nousnw

o |

57.0 IU/mL (&851119a790I0a 31.0 — 118.5 IU/mL) anaadu 18.5 IU/mL (dsseninem

°o aa

10nd 120 - 30.7 1U/mL) 7 24 dUavinasnissne upnansiueg1slidudAgyniseia

(p<0.001)

AnadssEdu ALT M5$hwn 83.1 + 79.5 IU/mL anaadu 22.4 + 13.9 IU/mL # 24

o w a

FUAMUAINITINYT wanAsi e dAYNINERRA (p<0.001) AshanslunIng 9

AladgLavdsegIuAmNEavgurasiunauInwIWIAY 17.4 Uay 14.3 kPa WAEVAS

Y

SnwdUanin 48 Wiy 10.5 waz 8.6 kPa muaInu anasedsiliudAynsana (p<0.001)

AawanslunIng 10



M13199 3 TEazBEaNuguYaUIEnauN1TINE

918 (Anade + dudenuunnsgiu), U 57 + 10.4
WALy, 31U (Seuay) 21 (52.5)
aneuguatlisasusniaud
1, 91U (Fovay) 25 (64.1)
3, 91U (Fouaz) 9(23.1)
6, 31U (5e8ay) 5(12.8)
Usunadhda (Aady + damﬁmwummgm), log 1U/ml 6.2 + 0.6
anseinuidoliaioangudlasnss
Sofosbuvir/Daclatasvir, 31u3U (5088%) 30 (75%)
Sofosbuvir/Ledipasvir, 914U (5o8ay) 10 (25%)
Ashdenlsurlisy, a1uu Gevay) 28 (70%)
Mvhauesiu (Aady + dudsauunass)
woaU e nsudoziliug, U/L 66.7 + 49.9
(g, WdysenIemslug) 57.0, 59.0
yaiiu N udesiiug, U/L 83.1 + 79.5
(Tsegnu, AdvsznIemslng) 57.0, 87.5
danlail Weavwma, U/L 88.3 + 37.0
payily, g/dl 4.0 +0.3
Inaydu g/dl 3.9+0.8
ﬁﬁgﬁuﬁy’mm, me/dl 1.0+ 04
NAATIIDU 9 (Alade + daudssuuinsgl)
USanaundniden, 10%/L 181.5 + 70.8
gn3Insa9vadln, ml/min/1.73m? 91.7 + 14.0
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Alanine transaminase (U/L)
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Liver Stiffness Measurement (kPa)
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p<0.001
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4.3 nansAATIRENIsIUABULUasva e lamuTuY ludsy

APliaInnIsInsiiinaraeInsgINYesiesUURnsAudauluaaI s

TsAfulUSauiouAUA1I91999 WUIAMUFUNUS (RP) AU 1 A9AIWA 10

AITsEgIUvRITEAULDIRlaMUBUYIWETY  Asushwwiiu  149.0 ng/mL  (de

sewinemelnd 115.4 pe/ml) wasdintudu 286.88 pe/ml (dusewinemieolvd 191.1

o o a [

pg/mL) nasanveasnwIFUAYN 12 egraiitudAgnieada fwanddunmi 11

o w

ALRRevatTEAukaRlamuTuy lug S INTueg 1 alTud Agynvadiiain 1624  +

S =

110.2 pg/mL Aousnwidu 309.0 + 220.4 pg/mL Mé’amﬂwqﬂ%’ﬂmé’ﬂmﬁﬁ 12 (p<0.001)
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2AUTIHa d5UNAN1IY LaztalauauuL

5.1 aausieua

hafasusniaunnulufirenguiogeiiuniunisinwilulsmeviagmasnsal
Tutisd na. 2559-2560 Luanetug 1 3 uay 6 fowas 64.1 23.1 uay 12.8 MuaWU Faany
ftugsanuduaeiusiinumnniiaslulssmdlnowasussimalugfinneiedens Tusanidedld
oeslsfinny Tulsswenunaguiasnsaifeiseglunianansvesussmalnewylfagusnand
aewudi 1 mnnitaneiudi 3 Judumeiusinumniaslusemealng usiwuinnluniald
vosUsema® gaseriulidafieangslnensedildlunisinwifaosges 1w sofosbuvir
21U daclatasvir wag sofosbuvir 33U ledipasvir Lilosa1nifusndulafaiieonguns

1R8I INe9E LD NANUITIAMI LA L UYIIIAFINETD

nsanasesiafialufy  waznistlestumainisiinazauluduifistudulsslovdi
Fsunnmssnwihfasusnaudizesdimenn Bsinenudanguvesiufenios
IlusuanuanansoudsssiuvesBinaisialuduld  wandufivensulumsussiiuieiolu
fusheiinsmsatiliiing?  msdnwiuansnsanasuesisegiuaudavguaiuain
Aeun1s3nen 14.3 kPa 1u 8.6 kPa waanmssny 48 dUni donrdesiunisAneilu
Ussimaaiawosiaudinuindsogiuvesnnudavguuesiuanaiain 143 kPa (Wdesening
melngd 10.35 - 21.15 kPa) 1 9.1 kPa (daszwinemelngd 6.1 - 13.9 kPa) ndsmganIs
SnwhfasudniaudiFesuheeuidehsafioangvilasnss 40 §Unti (p<0.001) wag
#0AARBINUNITANAIYBY FIB-4 score (Fibrosis-4 score) waw APRI (AST to Platelet Ratio

Index) Fadunisussiiiuianalusulagldnisianznsiadon

msfinwludainaasnandliiuiuedlomuduyyhliinilaazauluduinay

lnguasdlawmuguyduiusifunelowmuduyviinivils (angiotensin Il type 1 recepton’

[

a v a 1% A a ¢ a ¢ a A o Y] X v
dveidngusvasd  iefigaunmsiasuwlameslalaledudetindsainsnunidaelimeann

hiadusniaudizesimsssuelfanesngnslaenssdeienluiinananszuiunisiin 15e
AANIRALUFUAATUNITINYINEBUNEIETIU  NaNIIANINUINTEAUTBIBIRLaIUTUTY

'
o

= X a X A Y] ¢ @ o A a 1 v =t = o A
GU?NSU@W‘JJU’JEJLWNGUUV] 24 aﬂﬂ’]%ﬁaﬂﬂqiiﬂﬂqiusﬂZUS‘V]ﬂ’]ﬂ'J']ﬂJEJ@Mqu‘YJ@QG]UGUQLLa@\TﬂQW\TNGﬂ,u
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Auanad  HatiintuiienaesunelaannssuuweRlamuduy-wadlowudu-(1-7)-fSuluads

ANannANIHaluAU? AanInd 13

AT 13 UARIUNUIMYBLRSR lainuduy lunywd

Angiotensin Il

Angiotensin converting enzyme 2

l

Angiotensin-(1-7)

h 4

Angiotensin Il receptor type 1 Mas receptor
v l
T Fibrosis | Fibrosis
(hepatic fibrogenesis) (hepatic fibrolysis)

Y

AIduaaintugUaglhifadudnaudise Sy ndwinsnwmemeeiuiielialiean
Vislagnse Waralusiuanasrlenalnuaeddlamugunuand 19 nludninaass SmAuny
PNNSANKY ovesugwnrannisidenduguesilomuiu Aowisnds toulesiluuywdly

a o A U Y v < £ = ¥ b4 =
anansaann1siansinludule dazmiuldannisnyinuulddmtives 3a wasauy (2012)
Mlvendudanesdlamuau audsnde teulullugUlsievleinfngelSadudniaudsiueiie

Wunan 3 U lufinadudmseannisiinwainludu?® wazfdamaluluniamssiusnudnse?

5.2 agUnanisAne
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o w
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5.3 W3guigunuN1IsANEINBUNLINNLAEFANE

£% '
A v a

= 1 )~ = o a a N Y v v o =
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5.4 92AUINISANEIU

v '
v

HunsfnuuuuluiamhluitehiasusnaudiFesiinuieedutolhad
ponguidlasnssdeelifinadomaiutuvioanamesisinlufulasnss  {idemsivaey
Hadeiifnaoszuuuasdlomuiundussey q pooamsfny uaskauasNIsANYILULANANS
nludnivenes enailfeiueauvaiieduduesilomuiu aoudseis Louluiviosn

[
LYY v v v

fuganisiuiisuketlomuduysinnvislilinaaniainluiuveuyud

5.5 YaRB8VINISANWYIU

n15t1zAsIITuLloAuLiayssiliuisialuduilunisnsianinsgiugean (gold
standard) TuafnIa1nn1sAn¥NUS s U UNANINAINNI5I1ET UL DA UNDULAL RIS N
hSasudniaudisesimneduwasiilesey nuin NaReluduanasnasannsnuihisadusnaud

3031 Arsanun TlulaUs sl uNHalaeN1519718ASIATULBFAU SeAURLaItU NS 1uday

WU
fwaonadmaneprudangurasiiula® agslsiniu ludagdu FBnsesvmudanguves
sumgllusawnuluneeusu uwaglumaiRnsusnuddeludagiulifinsieizasiaiu
X o A a o v A o v U @ ad o do Y 1 o A
\eduieAnnussavvesisinlugUislifadusniauiisesaninwimeie enduidelasad
99NaNBlAEAIY LHBIINTANEs NN IUTE e 9zlasU uanand FalinsfAnwinans
TANuBavguvIiuaINsaNeINTAlenTINNTIeRTInN 5 Uvewithelhiadudnaudisesald
TaefNulans vl receive operating characteristic LYy 0.82 (Y3AIULTDIUTOEAE 95

Wity 0.68 - 0.90) Tedmoglutnasia

5.6 UBLAUDLUY

msiinsAnvisAnnelfuszuukedlomuduy  weRlawnudu-(1-7)  Miuuue

[ '
A v Ao

[angiotensin  Il/angiotensin-(1-7)/Mas receptor axis] lugthelfasudniaudizesansnm
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(angiotensin converting enzyme 2, ACE2)
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AMARNUIN

ASeiifudiuniweinsinunilasunsmeusuan European Association for
the Study of the Liver (EASL) Tinausidu poster presentation 1u International Liver
Congress 2018 a1 nyeUi3a Usemerama Yuil 13 wwieu wa 2561 luhdoiies
Involvement of angiotensin ll/angiotensin-(1-7) fibrinolytic pathway in improvement of
liver fibrosis in chronic hepatitis C patients who had sustained virological response by

direct-acting antiviral therapy: a prospective trial lngfiunangs Al

Abstract

Background and Aims: There is growing evidence that angiotensin Il (Ang
Il)/angiotensin-(1-7) [Ang-(1-7)]/Mas receptor axis, a counter regulatory arm of renin
angiotensin system (RAS), involves in fibrinolysis in vitro/animal models. Eradication of
hepatitis C (HCV) results in improvement of liver fibrosis by multi-mechanisms,
including viral factors and stellate cells deactivation through the reduction of TGF-beta
1 stimulation and matrix enzymes changes toward the fibrinolytic stage. We
hypothesize that this newly established pathway, to some extent, might involve in the
improvement of liver fibrosis in chronic hepatitis C (CHC) patients who had sustained

virological response (SVR) by direct acting antiviral drugs (DAA).

Method: After exclusion of factors that might affect RAS, forty CHC patients with
compensated liver disease (mean age: 57+1.7 years; 52% male) were enrolled
prospectively for 12-week DAA therapy and achieved SVR between July 2016 and
September 2017. Baseline characteristics, HCV viral load (mean 6.2+0.1log IU/mL), HCV
genotypes [1 (64.1%), 3 (23.1%) and 6 (12.8%)], liver enzymes and liver stiffness
measurement (LSM) using Fibroscan® were assessed before starting the therapy. Blood

samples for Ang II/Ang-(1-7) levels were collected at baseline, 12 and 24 weeks (SVR



aq

12 weeks). LSM were repeated at 48 weeks. All patient samples (-70C storage) were

evaluated simultaneously. Standard ELISA methods were used for the assays.

Results: The alanine aminotransaminase (ALT) levels were significantly decreased from
83+12.6 IU/mL at baseline to 22+2.2 IU/mL (p<0.001) at 24 weeks. Mean and median
LSM were significantly decreased from 17.4 and 14.3 kPa at baseline to 10.5 and 8.6
kPa at 48 weeks, respectively (Fig. 1A). Baseline mean of Ang Il level was 162.4+17.4
pg/mL. The level at 24 weeks (SVR 12 weeks) was significantly increased to 309.0+34.9
pg/mL (p<0.001) (Fig. 1B). By the same period, the mean Ang-(1-7) levels were

significantly increased from 329.6+22.2 pg/ml to 422.1+21.4 pg/mL (p<0.001) (Fig. 1C).

Conclusion: Supporting the in vitro and vivo evidences, increased Ang Il and Ang-(1-7)
serum levels are demonstrated in CHC patients who achieved SVR from DAA therapy
along with the improvement of liver fibrosis. This RAS counter regulatory axis pathway

might, in part, involve in the promotion of hepatic fibrosis regression in this scenario.
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Liver stiffness
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B
Ang Il levels
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C
Ang-(1-7) levels
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p<0.001
Week 24 414.3 (348.3-502.3)

Fig. 1. Changes of liver stiffness, serum Ang Il and Ang-(1-7) levels in CHC patients

at baseline and after having SVR (A) Median LSM (kPa) at baseline (0 week) and 48

weeks, (B) and (C) Box plot graphs of serum Ang Il and Ang-(1-7) levels (pg/mL) at

baseline (0 week) and 24 weeks (SVR 12 weeks), respectively.
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Abstract

Background and aim: Angiotensin Il (Ang Il)/angiotensin-(1-7) [Ang-(1-7)]/Mas receptor
axis, a counter-regulatory pathway of the classical renin angiotensin system (RAS),
recently has been proven to play a critical role in hepatic fibrosis degradation both in
vitro and in vivo. Eradication of hepatitis C viral (HCV) infection is associated with
regression of hepatic fibrosis. Indeed, shifting balance from the profibrotic to fibrolytic
stages could also be demonstrated by upregulation of fibrolytic enzymes, matrix
metalloproteinases (MMPs) and down regulation of its inhibitor, tissue inhibitor of
MMPs (TIMPs), in local tissues and serum. We hypothesize that Ang II/Ang-(1-7) might
involve in the improvement of hepatic fibrosis in chronic hepatitis C (CHC) patients

who had sustained virologic response (SVR) by direct-acting antiviral drugs (DAA).

Method: CHC patients with compensated liver disease were prospectively enrolled for
12-week DAA treatment between July 2016 and September 2017. After exclusion of
factors that might affect RAS, forty patients who achieved SVR were eligible for analysis.
Baseline characteristics, HCV RNA, HCV genotypes, liver enzymes and liver stiffness
measurement (LSM) using Fibroscan® were assessed before treatment. Blood samples
were collected at baseline and 24 weeks (SVR12). LSM were repeated at 48 weeks. All
blood samples (-70C storage) were evaluated for Ang Il, Ang-(1-7), TIMP-1, and MMP-9

levels simultaneously using standard ELISA methods.
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Results: Mean + SEM of age was 57+1.7 years and 52% were male. HCV genotypes
were 1 (64.1%), 3 (23.1%) and 6 (12.8%), mean HCV RNA was 6.2+0.1 log IU/mL. Serum
alanine aminotransferase (ALT) levels were 83+12.6 IU/mL at baseline and significantly
decreased to 22+2.2 IU/mL (p<0.001) at 24 weeks. Mean and median LSM were
significantly decreased from 17.4 and 14.3 kPa at baseline to 10.5 and 8.6 kPa at 48
weeks, respectively. As compared to the baseline levels, at 24 weeks (SVR12), in favour
of fibrolytic side, the mean MMP-9 levels were increased from 365.7+33.9 to
681.6+67.6 ng/mL, and the mean TIMP-1 levels were significantly decreased from
268.8+11.3 to 241.9+10.2 ng/mL (p=0.006). By the same period, both Ang Il and Ang-
(1-7) levels were significantly increased from 162.4+17.4 to 309.0+34.9 pg/mL (p<0.001)
and from 329.6+22.2 to 422.1+21.4 pg/mL (p<0.001), respectively (Figure 1, Table 1).

Conclusions: After curative treatment of CHC by DAA, the improvement of liver
stiffness was demonstrated as early as 12 months. In addition, the dynamic changes
indicating fibrolytic status occur earlier as demonstrated by the changes of serum MMP-
9 and TIMP-1 levels. Importantly, the driving signals of these processes, to a certain
degree, might be the Ang II/Ang-(1-7) fibrolytic axis, as shown by the increased levels

of both proteins, supporting the previous in vitro and animal models.
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Figure 1. Box plot graphs showed changes of liver stiffness, serum TIMP-1, MMP-
9, Ang Il, and Ang-(1-7) levels in CHC patients at baseline and after having SVR.
A, LSM at baseline (0 week) and 48 weeks. B-E, serum TIMP-1, MMP-9, Ang Il and Ang-

(1-7) levels at baseline (0 week) and 24 weeks, respectively.

83.13 79.75 12.61 57.00 31.00 118.50
ALT (1U/mL) <0.001
24 22.43 13.93 2.20 18.50 12.00 30.75
0 17.36 14.3 2.27 14.3 7.3 218
LSM (kPa) <0.001
48 10.47 8.6 1.19 8.6 53 11.8
0 268.78 24424 11.27 24424 224.31 310.82
TIMP-1 (ng/mL) 0.006
24 241.88 219.30 10.19 219.30 200.96 272.18
0 365.66 320.71 33.85 320.71 218.57 47415
MMP-9 (ng/mL) <0.001
24 681.63 534.42 67.57 534.42 372.11 995.73
0 162.42 110.20 17.42 148.99 94.59 209.99
Ang Il (pg/mL) <0.001
24 309.04 220.42 34.85 286.88 181.33 372.39
0 329.58 140.45 22.21 315.61 236.08 435.86
Ang-(1-7) (pg/mL) <0.001
24 422.14 13547 2142 414.35 348.27 502.26

Table 1. Mean, standard deviation (SD), standard error of the mean (SEM), median,
the first quartile (Qy), the third quartile (Qs), and p-value in the paired samples t-test
of ALT, LSM, TIMP-1, MMP-9, Ang Il and Ang-(1-7) levels at baseline and having SVR,

respectively.



Case Record Form

Changing of Serum Angiotensin Il Level in Chronic Hepatitis C Patients

Who Achieved Sustained Virologic Response

after Direct-acting Antiviral Agent Therapy

Patient characteristics
Age
Gender
Blood pressure
Alcohol consumption
Hepatic encephalopathy
Ascites
Obstructive jaundice
Active malignancy
Other known liver diseases
HBV infection
HIV infection
Drugs
Spironolactone
Furosemide
HCTZ
ARB
ACE!
OCP
Liver function test
Albumin
Total bilirubin
AST
ALP

L0
L] 1 Male ] 2 Female
Y L mmHg

a9

L)1 Yes .12 No

L]1Yes L] 2No

L1 1 Yes L] 2No

L)1 Yes (12 No

L)1 Yes (]2 No Specify

(11 Yes 12 No Specify

(11 Yes L] 2No

[ 1Yes []2No

L] 1 Yes L] 2No

L] 1Yes L] 2No

L1 1 Yes 12 No

L1 1 Yes 12 No

L] 1 Yes ] 2 No

L] 1 Yes ] 2 No

1.0 me/dl Globutin L mesat
(1.1 me/dl  Direct bilirubin L mesat
T ue AT L u

IR/
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INR .0 Platelet count [ LILILILILT / cu.mm.
Creatinine 1 mgral eGFR L mUy/min/m?
Transient elastography OO0 kra  cap LITE] dB/m

Hepatitis C

Genotype njl

Previous treatment L] 1 Yes (experienced) 1 2 No (naive)

Viral load 1 (start treatment) O 0000 D0 usml

Viral load 2 (end of treatment) L1[] DDDDDDD IU/ml

Viral load 3 (post treatment 12 weeks) (1] D,DDD,DDD IU/ml

Direct-acting antivirals

Sofosbuvir L] 1 Yes L1 2No
Daclatasvir L] 1 Yes L] 2No
Ledipasvir L] 1 Yes L] 2'No
Velpatasvir [ 1 Yes 12 No
Ribavirin L)1 Yes L] 2No

Fibrogenic cytokines

Start treatment SVR12
Angiotensin | D000 perml OO0 00000 pe/mt
TGF B1 D000 perml J0 00000 pemt
TIMP- D000 ne/mt OO0 0000 ne/mt
MMPY O0000.00 ne/ml O00000H nemt

Remark
Withdraw due to L] Subject’s decision

| Sustained virologic response is not achieved
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