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NAFLDとは？

脂肪肝

アルコール性肝障害 非アルコール性脂肪性肝疾患
（NAFLD：nonalcoholic fatty liver disease）

非アルコール性脂肪肝
（NAFL：nonalcoholic fatty liver）

非アルコール性脂肪肝炎
（NASH：nonalcoholic 

steatohepatitis）

NAFLD/NASH診療ガイドライン 2020.



NAFLDの定義

• 組織診断あるいは画像診断で脂肪肝を認め，アルコー
ル性肝障害など他の肝疾患を除外した病態である

＜NASHの定義＞
肝細胞の5％以上に脂肪蓄積を認め，肝細胞傷害（肝細胞の
風船様変性）および炎症を伴うもの

NAFLD/NASH診療ガイドライン 2020.



NAFLDの経過（成人）

NAFLDの一部は，NASHから肝硬変・肝癌へと進展するリスクがある

肝癌
（1〜2人）

角田 圭雄. 明日の臨床 2019.



小児NAFLDの有病率は？

一般小児おけるNAFLDの有病率

4〜10％前後

肥満小児おけるNAFLDの有病率

15〜55％まで増加

NAFLD/NASH診療ガイドライン 2020.

小児NASHの有病率は明らかになっていない



小児NAFLDの予後は？

• 米国では小児の慢性肝疾患の中でNAFLDが最も有病率が高く，若
年成人の肝移植の適応として最も多い疾患である

• 小児NAFLDは，糖尿病，腎障害，高血圧，脂質異常，動脈硬化など
複数の疾患と関連し，小児期にNAFLDと診断された患者の短命も報
告されている

小児脂肪肝（NAFLD）
肝硬変・肝癌

糖尿病，腎障害，高血圧
脂質異常，動脈硬化 etc.

Yodoshi T, et al. Pediatrics. 2021.

小児期からの介入が必要である



NAFLD（NASH）の診断は？

肝生検 腹部超音波検査

血液検査

診断の精度
侵襲の高さ

ゴールドスタンダード！

小児に肝生検を行うのはなかなか難しい
侵襲が低く，診断精度の高い検査が必要である

腹部CT・MRI

NAFLD/NASH診療ガイドライン 2020.



フィブロスキャン検査とは？
プローべを体の外から押し当てて
ボタンを押して2種類の波を発信

せん断波超音波

肝臓の脂肪量
（CAP値）

肝臓の硬さ
（LSM値）

• 痛みをともなわない
• 繰り返し検査ができる
• 経時的な評価が可能

小児にも有用である



日本の成人NAFLD患者529名と健常者932名において
PNPLA3 遺伝子多型のアレル頻度を比較

Kawaguchi T, et al. PLoS One 2012.

NAFLD患者は健常者よりもPNPLA3 rs738409のGアレル頻度が高い

病理組織所見（Matteoni分類）とも強い相関がある

PLT, Brunt grade and iron deposition showed p-values smaller
than 0.05. The level of serum triglyceride was not significant in
the initial analysis, but became significant after being adjusted for
Matteoni’s type (p = 0.013). Among them, only three traits,
namely, hyaluronic acid, HbA1c and iron deposition, remained
significant (p,0.0021) after Bonferroni’s correction for multiple
testing (Table 3).

Associations of Previously Reported SNPs with NAFLD
Previous genetic studies identified four chromosomal loci,

namely, LYPLAL1 at 1q41, GCKR at 2p23, NCAN at 19p12 and
PPP1R3B at 8p23.1, associated with NAFLD in populations of

European descent [14]. We examined whether or not the
associations were reproduced in the Japanese population by
extracting genotype information of SNP markers corresponding to
these four loci. As shown in Table 4, the association of rs780094 in
GCKR with NAFLD was at the border of significance (p = 0.011,
OR = 0.82, 95%CI: 0.70–0.91) in the case/control analysis.
However, the association was lost when examined between
rs780094 genotypes and Matteoni types. There were no associ-
ations of rs2228603 in NCAN and rs12137855 in LYPLAL1 with
either NAFLD or Matteoni types. Rs4240624 in PPP1R3B was not
in the SNP array used for this study, and this marker was not
polymorphic or at a very low frequency in the Japanese (0 in 90

Figure 1. Manhattan plot of the GWA study. Association p-values are calculated by exact trend test and plotted along the chromosome in
2log10 scale. The horizontal line indicates Bonferroni-adjusted significance threshold (p = 1.0361027).
doi:10.1371/journal.pone.0038322.g001

Table 2. List of the SNP markers in the PNPLA3 locus at chromosome 22q showing genome wide significance.

Genotyping Result and Allele Frequency of A2 Statistics

NAFLD NAFLD vs. Control Matteoni

dbSNPID A1/A2 Control Total Type 1 Type 2 Type 3 Type 4 p-value{ OR (95%CI) p-value{

rs738407 T/C 124/447/361 46/200/283 12/51/37 10/28/35 4/14/11 20/107/200 1.061027 1.56(1.32–1.83) 3.461025

(0.627) (0.724) (0.625) (0.671) (0.621) (0.775)

rs738409 C/G* 247/468/217 88/236/203 20/59/21 21/30/22 8/11/9 39/136/151 1.4610210 1.66(1.43–1.94) 3.661026

(0.484) (0.609) (0.505) (0.507) (0.518) (0.672)

rs2076211 C/T* 248/473/211 92/242/195 21/58/21 21/30/22 8/11/10 42/143/142 1.461029 1.61(1.38–1.87) 3.261025

(0.480) (0.597) (0.500) (0.507) (0.534) (0.653)

rs2896019 T/G* 246/473/213 91/234/204 20/57/23 22/29/22 7/12/10 42/136/149 1.5610210 1.66(1.42–1.93) 2.661025

(0.482) (0.607) (0.515) (0.500) (0.552) (0.664)

rs1010023 T/C* 249/473/210 94/239/196 21/57/22 22/29/22 7/12/10 44/141/142 1.561029 1.61(1.38–1.87) 6.561025

(0.479) (0.596) (0.505) (0.500) (0.552) (0.650)

rs926633 G/A* 247/474/211 93/237/199 21/56/23 22/29/22 7/12/10 43/140/144 7.5610210 1.62(1.39–1.89) 5.861025

(0.481) (0.600) (0.510) (0.500) (0.552) (0.654)

rs3810622 T*/C 330/445/157 263/208/58 40/48/12 28/29/16 14/12/3 181/119/27 1.061027 0.64(0.55–0.75) 0.0017

(0.407) (0.306) (0.360) (0.418) (0.310) (0.265)

Reference (A1) and non-reference (A2) alleles refer to NCBI Reference Sequence Build 36.3 with the effective allele marked by an asterisk. Genotyping results are shown
by genotype count of A1A1/A1A2/A2A2 with allele frequency of A2 in parenthesis.
{P-values are calculated by exact trend test with odds ratios (OR) calculated for A2 with 95% confidence interval (CI).
{P-values are calculated by Jonckheere-Terpstra test in NAFLD patients for Matteoni type and additive model of genotype. SNPs are ordered by chromosomal location.
doi:10.1371/journal.pone.0038322.t002
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NAFLD（NASH）と遺伝子多型

Table 2.



Kawaguchi T, et al. PLoS One 2012.

PNPLA3 rs738409のGアレルは
肝線維化（Type 4）と強い相関あり

Matteoni分類（NAFLDの病理分類）

Type 1：単純性脂肪肝

Type 2：脂肪肝＋炎症細胞浸潤

Type 3：炎症細胞浸潤＋肝細胞空胞化

Type 4：肝線維化

identified on chromosome 1p (rs11206226) and chromosome 4p
(rs1390096) neither of which has been reported as being associated
with NAFLD in Caucasians (Table S1). Statistical calculation by
taking their allele frequencies and effect sizes into account showed
that approximately three times as many case and control samples
are required to obtain sufficient statistical power (.0.8) for
genome wide significance. Hence, further confirmation is required
using a larger collection of patients and controls although they
may be potential candidates of low-penetrance genes for
susceptibility to NAFLD in Japanese.

Subsequent analyses through comparison of genotype distribu-
tion among four subgroups of NAFLD (type1 to type4) categorized
by Matteoni’s classification revealed that the seven NAFLD-
associated SNPs in the PNPLA3 gene were also significantly
associated with the pathogenic status of NAFLD. There were also
marked differences in genotype distribution of rs738409 between
type4 subgroup and the other three groups (p = 4.861026,
OR = 1.96, 95%CI: 1.47–2.62 between type4 and pooled geno-
types of type1 to type3). Moreover, a case/control analysis of
rs738409 between Matteoni type4 and controls returned a
surprisingly strong association (p = 1.7610216) which was much
stronger than the initial analysis using all NAFLD cases
(p = 1.4610210), whereas the analysis using Matteoni type1 to
type3 as cases didn’t show significance (p = 0.41). There were
differences in the score of HOMA-IR and hs-CRP, indicators of
insulin resistance and inflammation, respectively, between Mat-
teoni type1 to type3 and type4 subgroups (Table 1). Our results
provide compelling evidence that NASH corresponding to
Matteoni type4 is both a clinically and genetically different disease
subset from other spectrums of NAFLD. Previous studies showed
association between PNPLA3 and fatty liver, inflammation, fibrosis
grade and NASH [13]. In our result, strong association between
rs738409 and fatty liver was not observed by comparing control
and Matteoni type1. In addition, strong association between
rs738409 and lobular inflammation was not observed by
comparing Matteoni Type1 and Type2. In contrast, a strong
association between rs738409 and NASH was observed. Although

we could not observe the strong association between rs738409 and
fibrosis stage, strong association between rs738409 and Hyaluronic
acid suggests that an association exists between PNPLA3 and
fibrosis.

We have also undertaken association analyses of rs738409 and
clinical traits in the patients. The multivariable regression analysis
adjusted for age, sex, BMI and Matteoni type followed by the
correction for multiple testing revealed hyaluronic acid and
HbA1c as being significantly associated with rs738409. Hyaluronic
acid is one of the principle components of the extracellular matrix
and its involvement in fibrosis has been previously suggested [20].
This may indicate another possible functional involvement of
PNPLA3 in the progression of liver fibrosis by influencing the
circulating hyaluronic acid levels. A weak association of rs738409
and HbA1c levels was observed in our study population. However,
there are no reports to date indicating such an association, and
confirmation with different sample sets is needed for definitive
conclusion. Also, the association between rs738409 and iron
deposition was demonstrated by an ordinal logistic regression
analysis. Since the association still remained after the results were
adjusted with Matteoni type, rs738409 may play a functional role
in the oxidative stress through iron absorption in the liver.

Recently, a genetic analysis of Japanese NAFLD patients was
reported demonstrating a significant association in the increase of
AST, ALT, ferritin levels and fibrosis stage (Brunt stage) and in the
decrease of serum triglyceride with the risk allele (G) of rs738409
[12]. In our study, the association of rs738409 with AST
(p = 1.261024) and ALT (p = 0.0016) was reproduced and that
of AST still remained after the results were adjusted for Matteoni
type (p = 0.038). No association was observed for ferritin level.
Brunt stage was available for Matteoni type4 patients only in our
study. Although the odds ratio was slightly high (OR = 1.28,
95%CI: 0.95–1.72), it was not possible to examine the association.
In addition, the inverse association of the risk allele of rs738409
with decrease of serum triglyceride was confirmed in our study
(p = 0.013 after being adjusted for Matteoni type). For all of these

Figure 3. Histogram of odds ratios for genotype distribution of rs738409 between Matteoni types. Each box denotes the odds ratio (OR)
comparing the corresponding Matteoni types on the horizontal axes. N represents the number of samples. Odds ratios and p-values are calculated for
the higher Matteoni type per risk allele (G) on additive model by multivariable logistic regression adjusted for age, sex and BMI, and are shown with
95% CI above each box.
doi:10.1371/journal.pone.0038322.g003
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Figure 2 (a) Cumulative hepatocarci-
nogenesis rate in 238 Japanese patients
with non-alcoholic fatty liver disease.
(b) Cumulative hepatocarcinogenesis
rate according to PNPLA3 genotype. (c)
Cumulative hepatocarcinogenesis rate
according to the presence of advanced fi-
brosis. [Color figure can be viewed at
wileyonlinelibrary.com]

Table 1 Characteristics of 238 Japanese patients with non-alcoholic fatty liver disease at initial biopsy (cohort 1)

Total (n= 238) NAFL (n= 71) NASH (n =167) P-value

Sex, female 124 (52.1%) 25 (35.2%) 99 (59.3%) <0.001
Age, years 60 (14–92) 57 (17–82) 62 (14–92) <0.001
Diabetes mellitus, yes 107 (45.0%) 17 (23.9%) 90 (53.9%) 0.001
Body mass index, kg/m2 26.5 (16.4–49.5) 25.9(18.5–43.4) 27.3 (16.4–49.5) 0.002
Albumin, g/dL 4.4 (2.8–5.2) 4.4 (3.4–5.2) 4.3 (2.8–5.1) 0.004
Serum aspartate aminotransferase, IU/L 49 (16–193) 37 (16–151) 55 (18–193) <0.001
Serum alanine aminotransferase, IU/L 74 (12–358) 67 (15–358) 75 (12–302) 0.006
γ-GTP, IU/L 66 (14–877) 61.5 (14–380) 67 (16–877) 0.531
Platelet count, ×103/μL 213 (46–785) 237 (68–785) 207 (46–454) <0.001
Fasting plasma glucose, mg/dL 94 (59–260) 91 (60–170) 96 (59–260) 0.124
Total cholesterol, mg/dL 207 (77–436) 214 (105–436) 204 (77–350) 0.011
Triglyceride, mg/dL 153 (49–659) 150 (60–546) 153 (49–659) 0.795
LDL cholesterol, mg/dL 126 (44–280) 147 (51–231) 119 (44–280) 0.008
HDL cholesterol, mg/dL 52 (23–290) 49 (23–77) 53 (23–290) 0.151
Insulin, μU/mL 11.0 (0.53–91.2) 7.4 (1.59–91.2) 13.4 (0.53–49.5) <0.001
HOMA-IR 2.5 (0.2–28.6) 1.8 (0.6–28.6) 2.9 (0.2–13.9) <0.001
Ferritin, ng/mL 170 (4.7–1590) 118 (10.1–1100) 210 (4.7–1590) <0.001
Hyaluronic acid, ng/mL 42 (5–763) 5 (5–763) 21 (5–192) 0.001
Type IV collagen 7 s, ng/mL 4.5 (2.5–13) 3.9 (2.5–9.2) 5.1 (2.7–13) <0.001
PNPLA3 genotype, CC / CG / GG 18/60/52 8/12/4 10/48/48 0.002
Fibrosis stage, 0 / 1 / 2 / 3 / 4 ― 2/85/38/27/15

Results are presented as n (%) for qualitative data or as median (range) for quantitative data.
γ-GTP, γ-glutamyl transpeptidase; HDL, high-density lipoprotein; HOMA-IR, homeostasis model of assessment – insulin resistance; LDL, low-
density lipoprotein; NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis.
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PNPLA3 GGホモ変異患者では
累積肝発癌率が高い

日本のNAFLD患者238名（14-92歳）における累積肝発癌率

Seko Y, et al. Hepatol Res 2017.
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NAFLD（NASH）と遺伝子多型

小児NAFLDと遺伝子多型の関連
性に関する報告はまだ少ない

Fig 2. (b)



【研究の目的】

• 小児NAFLD患者におけるフィブロスキャンの有用性を明らかにすること

• 小児NAFLDと遺伝子多型との関連性を明らかにすること

【研究を行う意義】

• フィブロスキャンの有用性が証明できれば，小児NAFLD患者の病態を非
侵襲的に評価することが可能となる

• 遺伝子多型との関連性を明らかにすることによって，小児NAFLDにおけ
る遺伝的素因の関与や将来的な病態進展リスクの評価にもつながる

小児NAFLDにおけるフィブロスキャンの有用性および遺伝子多型に関する研究



【研究対象者】

6〜18歳のNAFLD患者を対象とする

「肝機能異常を認め，組織診断あるいは画像診断で脂肪肝を指摘され，

他の肝疾患が除外されたものをNAFLDと定義する」

【研究期間】

2021年4月22日（愛知医科大学倫理委員会承認日）〜2026年3月31日まで

小児NAFLDにおけるフィブロスキャンの有用性および遺伝子多型に関する研究



【研究方法】

• 対象患者に愛知医科大学小児科外来を受診いただく。

• 問診、身体計測、診察、血液検査、腹部超音波検査、フィブロスキャン
検査を行う。肝障害が遷延している症例においては、同意が得られれ
ば肝生検も実施する。

• 血液検体（EDTA血 2mL）を用いてNAFLDに関連する遺伝子多型解析
（PNPLA3, TM6SF2, HSD17B13 ）も行う。遺伝子多型解析は共同研究
機関である株式会社特殊免疫研究所で行う。

• フィブロスキャン結果および遺伝子多型解析結果とその他の臨床データ
を比較検討し、関連性の有無を評価する。

小児NAFLDにおけるフィブロスキャンの有用性および遺伝子多型に関する研究



6〜18歳のNAFLD患者

血液検査，腹部超音波検査，フィブロスキャン検査
（必要に応じて肝生検も実施）

問診，計測（身長・体重・血圧・腹囲），診察

遺伝子多型解析 (PNPLA3, TM6SF2, HSD17B13 ） 

フィブロスキャン結果および遺伝子多型解析結果と
その他の臨床データを比較検討，関連性の有無を評価

小児NAFLDにおけるフィブロスキャンの有用性および遺伝子多型に関する研究


