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Epidemiological studies have indicated that the prevalence of non-alcoholic fatty liver
disease (NAFLD) is rising in both Western countries and other regions of the world. A subset
of NAFLD patients, which are considered to have non-alcoholic steatohepatitis (NASH), are
at increased risk of liver cirrhosis, hepatocellular carcinoma, and liver-related mortality.
Therefore, the early identification of NASH is very important for preventing liver
complications. Disease progression in NAFLD is a complex process involving several factors,
including lipid metabolism. Despite extensive investigation of the molecular mechanisms
responsible for lipid-related liver damage in NAFLD, the available quantitative data about the
use of lipid profiles for differentiating steatohepatitis from simple steatosis are still
inconclusive. So far, lipidomic studies have suggested that at least 500 lipid species are present
in plasma, and over 1,000 lipid species are found within cells. Hence, we hypothesized that
there might be other lipid species that are pathologically related to NAFLD, and some of them
might be useful for differentiating steatohepatitis from simple steatosis. Thus, our aim is to

identify novel links between lipid species and the progression of NAFLD.

In this study, we first examined the lipid profiles of genetically obese db/db mice and
used a choline deficient-L-amino acid defined-high fat diet (CDAHFD) to induce
steatohepatitis in the mice. The CDAHFD induced hepatic steatohepatitis and fibrosis, which
are comparable to the pathology of human NASH, in db/db mice. CDAHFD-fed db/db mice
also showed obesity and hypercholesterolemia, two metabolic features commonly found in
human NAFLD. The mRNA expression level of ACOX1 (peroxisomal beta-oxidation) was
decreased in CDAHFD-fed db/db mice and there were no significant changes in mRNA
expression of CYP2E] and CYP4A 14 (microsomal omega oxidation) compared to standard
diet (SD)-fed db/db mice. The mRNA expression level of FAS (de novo lipogenesis), FATP2,
FATPS (fatty acid uptake) were also decreased but no significant changes in mRNA levels of
MCAD, LCAD (mitochondria beta oxidation) and MTTP (triglyceride export). The mRNA
levels of GPx1 (antioxidative enzyme) was decreased, while UCP2 (mitochondria uncoupling
protein) increased. Overall, these data suggest that liver steatosis in our steatohepatitis mode]
could be due to impaired peroxisomal beta-oxidation while liver injury in part related to

reactive oxidative stress (ROS).

Lipid analysis was performed using liquid chromatography/mass spectrometry
(LC/MS). LC/MS can profile lipid species accurately from a small minimally pre-treated
sample within a short period of time. Based on LC/MS analysis, CDAHFD-fed db/db mice
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showed significantly higher hepatic and plasma levels of free adrenic acid (p<0.05). Because
adrenic acid is less examined in NAFLD, we next focused on elucidating its potential role in
the progression of the disease. The higher free adrenic acid was not related to higher intake
because the diet did not contain adrenic acid. Therefore, we analyzed mRNA expression of
ELOVL2 and 5, two enzymes responsible for elongation of arachidonic acid to adrenic acid.
Basal expressions of ELOVL2 and 5 were lower in SD-fed db/db mice but increased in
CDAHFD-fed db/db mice. Combining these results with gene expression analysis of steatosis-
related genes, we concluded that increased level of free adrenic acid in CDAHFD-fed db/db
mice was due to impaired peroxisomal beta-oxidation and enhanced elongation of arachidonic

acid.

The mRNA level of CD68, a marker for monocyte/macrophage, was increased in livers
of CDAHFD-fed db/db mice. This suggests that there is a recruitment of inflammatory cells.
Chemokines can attract immune cells to inflammatory sites. Therefore, we hypothesized that
adrenic acid could influence disease progression by enhancing chemokine gene expressions.
Using HepG?2 as a hepatocyte model we found that under treatment with recombinant human
(rh) TNFa, adrenic acid-pretreated HepG2 cells expressed higher mRNA levels of TNFa, ILS,
MIP1p and MCP1. The similar findings were observed after treatment with rhIL1B, except for
MCP1I. Therefore, the upregulating effect of adrenic acid on MCP1 mRNA expression during
inflammation is cytokine-specific. The inflammatory activities of TNFa and IL1J are mediated
by type 1 TNF receptors (TNFR-1) and type 1 IL-1 receptors (IL1R-1), respectively. On the
other hand, type 2 IL-1 receptors (IL1R-2) act as “decoy receptors™ and inhibit IL1B activity
The mRNA levels of TNFR-1 in adrenic acid-pretreated HepG2 cells was not upregulated,
while mRNA levels of ILIR-1 were significantly decreased under cytokine stimulation. On the
other hand, mRNA levels of IL1R-2 were increased. These results indicated that: (i) negative
regulation by ILIR-2 inhibits IL1B-induced inflammation, and (ii) adrenic acid might modify
TNFa or IL1p signaling pathways at the post-receptor level. Overall, from invitro experiment,

we concluded that adrenic acid could enhance chemokine gene expressions.

We next confirmed our experimental findings in the setting of human NAFLD. The
previous study showed that changes in the serum ALT levels of NASH patients were correlated
with liver inflammation. Therefore, we divided our patients into three groups based on their
ALT levels (different cut-off values were employed for males and females). In our data analysis,

we found that the mean plasma adrenic acid level was higher in group 3 (ALT >60 IU/L for
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males, >40 IU/L for females) than in group 1 (ALT <30 IU/L for males, <20 1U/L for females)
and group 2 (30 IU/L < ALT < 60 IU/L for males, 20 IU/L < ALT < 40 IU/L for females).
These intergroup differences and the associated linear trend were statistically significant.
Overall, these findings support our in vitro results. We also obtained a similar finding with
regard to the plasma level of docosapentaenoic acid (22:5n6) in our human data set. Since the
formation of docosapentaenoic acid (22:5n6) involves B-oxidation in peroxisomes, this might
indicate that our patients had mild disease that did not involve significant changes in
peroxisome B-oxidation, as shown by the mouse model. The limitations of our human sample
analysis include the small number of patients, the lack of histological examinations, and the

fact that it only included patients from one medical center.

In conclusion, the combination of increased polyunsaturated fatty acids and elongase
expression and impaired peroxisomal p-oxidation cause the accumulation of adrenic acid in
experimental steatohepatitis, but not in simple steatosis. Under inflammatory conditions,
adrenic acid might exacerbate inflammation by enhancing the expression of chemokine genes
in hepatocytes. Increased plasma adrenic acid levels are associated with high ALT levels in
NAFLD patients. Taken together, adrenic acid accumulation contributes to disease progression
in NAFLD. A further study is needed to determine whether adrenic acid measurements could

be used as a diagnostic biomarker of steatohepatitis in NAFLD.
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ARSI, NAFLD OSECHETICEE T ARORELZENLLEbDTH S, FHF T,
B#EFNIORATHS do/db YT RIZIY PRIAT X VEHIRTEIEN R (CDAHFD) Z#EERX
%7 &T. NASH 2357 & ¥/, CDAHFD 8K db/db X VA M. BiZEL. BaLAFO—
IVIIEZFIE LTz 3 F L XNV TORITETo /245, CDAHFD 81X db/db ¥ A Tid. ~RJLF
F3Y— A BEEICEDH D ACOX1 @ mRNA L-UVOREMRD LA, I 70V—4 o Bibiz
Bl 5 CYP2E1 & CYP4A14 ) mRNA L~JLDFEL, CDAHFD # db/db =7 X L EEHE£rid
I db/db ™7 A & DRIT, HTEREN LD o7, de novo [EHISRIZEH 2 FAS RIEIEEI D A
BHIZEH 2 FATP2, FATP5 ® mRNA RELHEHALEMN. I har KUY 7 8 BLicEb3
MCAD. LCAD. #{:fsl5HEHIcbH 2 MTTP © mRNA EREIZRRELEMIA NN S
7o FIRB{LEERTH S GPx1 O mRNA ORBERIIMD LD S a2 R 7 ORMKESY I8
T{TH2UCP2i3mL /=,

RIZViEE Y 07 b5 7 4 —BESF (LCMS) 17X D IEBRMO44F74THhh, CDAHFD
B db/db w0 A DIFIEF St OWEEY R L B L XNVHS RN A E db/db Y A &b L
T, MEEMITHERLBEMERLZ. TIFRVEMS T RLOBAOER (RESMFER) TR
T35 2 DMFE¥ ELOVL2 & ELOVLS ® mRNA RH L X)L 947 L #55, 38 C57BL/6 =17
R EHEL T, EE AR db/db < ™7 20 ELOVL2 & ELOVLS ¢ mRNA HH L AVIETF L7
#¢. CDAHFD {81 db/db ¥ X Tidtfinlrz, B\ XD, CDAHFD {8IR db/db ¥ AIZ 15
7 RUZELNVOBMME. RNV FFY—LBBEDOELET TF R OBRORFESHEITTICX
5b0DEHEALNE,

CD68 @ mRNA LX), CDAHFD £ db/db < 7 A ORFlE T4 L . CDAHFD {85 db/db
IYZADFRI BT KIEMROHBRICES bDELZ L 5Nk, £7-. HepG2 M3z AWEER
DR, 7RV BEEROIEL HepG2 MBIz 2 EF > b b TNFa Z2{ERE B2 &T,
TNFa. IL8, MIP18. MCP1 ® mRNA L~V Uiz, /=, 7 RL VEE 251 L 7= HepG2
HIIZ BT, TNFR-1 O mRNA LAV S, Y4 bAoA 2FM T TO IL1IR-1 ® mRNA
LARIWIEFIZRD L, — AT, ILIR-2 @ mRNA L~Jbiaiml i, ThooiRid. Kz
SRTAFEEZRT. 1) ILIR-2ICKZE DKL, ILI8 BNFERTHRERSZIHEIL, 2) 7RV
CERZAKRIDTRIZBWT, TNFa. 503, IL1IBEBITES 7 IV E2HHT 3,

E:i%iz b b NAFLD BFIzx§2EZRMN ThIz., ALT IEIREINWT, BE% 320/ )—
TG, Mlfsh7 RSBV VIR, Z)—7 3 (B4E ALT 260 IU/L, &t =40 IU/L)
DHB. FN—T1 (B ALT<301IU/L, &2t <20IUL) ¥ N—72 (BiE 30 IU/L<ALT
<60TU/L, &t 20IUL<ALT <401U/L) &ML T, Bfi%ERLEZ. BL&WE, £ Ko
CHITUEE (22:5n6) OIEELRIVIZHEWT HROBERNEG S,

AHRIE NASH RIEICBTSIEHEOBREN LML, 7 RV BORKEBEIIBIT2RHERL
ZHDTHb. Zhid, ERBHMEINTI BN ok7 R 2B E NASH RBIE & ORRIEERZT
SHMREL TS DEHTHDERDH D, Lo T, SHARHIL. L (B ORI BIIHE
MHDHOERD B,






