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RESULTS

Table 5. Enriched toxicity (Panel Bfunctions elucidated by the differentially regulated miRs associated
with the necrotic liver disease category (Panel A) or PCB exposures ) in ACHS-I. Range for P-value is
shown if more than one pathway is enriched for a given category.

(A) Necrotic liver disease-associated miRNAs

BACKGROUND

Figure 2. Ingenuity Pathway Analysis (IPA) network of the highly-expressed serum miRs associated with
categorical liver disease in ACHS-I. Red scale (from light to deep red) indicates decreasing p-value associated
with liver disease. Arrows between nodes represent direct (solid lines) and indirect (dashed lines) interactions.

« PCB exposures have been associated with liver disease in cohort studies and steatohepatitis with
liver necrosis in animal models.

 MicroRNAs (miRs) are non-coding RNAs that are critical regulators of gene expression.

« MiRs are responsive to environmental exposures and alterations may indicate perturbed cellular

Table 2. Relationships between the differentially regulated, highly-expressed serum miRs and liver disease
categories (vs. without liver disease) as well as the serum hepatocyte death biomarker, keratin 18, in a PCB-
exposed residential cohort (ACHS-I, n=738).
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miR24-3p 0.92  0.02 0.003 0.95 0.40 0.23 |-0.07+0.03 0.01 | -0.02+0.03  0.38 Liver Tissue _ . _ _ _
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living near a former PCB production facility in Alabama.
* In ACHS-I, we previously reported a high prevalence of necrotic liver disease associated with

Table 3. Associations between other differentially regulated highly-expressed serum miRs which were

significantly associated with the serum hepatocyte death biomarker, keratin 18 in ACHS-I. 3.41E-06 - 3.41E-06

2.51E-04 - 2.51E-04

Liver Inflammation/Hepatitis

Liver Cirrhosis

exposures to specific PCB congeners, insulin resistance, and pro-inflammatory cytokines -

consistent with PCB-related toxicant-associated steatohepatitis (TASH) (PMID:29684222). Keratin 18
« The hepatocyte death biomarker, keratin 18 (K18 M30 and M65, ELISA, DiaPharma); and 35 ortho- (n=738) — : : — : : :
bstituted PCBs (GC/MS) were measured in de-identified, archived serum (n=738) _ Table 6. Associations between miRs and Biomarkers of Dioxin-like Molecule Exposures and Other Disease Biomarkers in ACHS-ll (n=345)
Su o o ) _ ' _ _ MIRNA K18 M65 K18 M30 microRNA Toxic Equivalency Biomarkers | Selected 2PCB Liver Injury Intermediary Metabolism Adipocytokine and Intestinal NFATCY SUC7A1 i

« |n addition, we measured a panel of 68 hepatotoxicity and fatty liver disease-associated miRs B+SE P_value B+SE P_value Biomarkers Biomarkers Biomarkers Permeability Biomarkers miR-197-3p (and other MIRNAs w/seed UCACCAC)
FirePlex, Abcam). . miR-29a-3p Total Dioxin TEQ (B=-0.16%£0.05) | ZPCB (B=-0.07+0.04) | K18 M30 (8=0.09+0.05) | Total Protein (=0.95+0.35) Adiponectin (=-0.11+0.04)

. (Raw mean fluorgscent intensities (MFIs) of 30 highly expressed miRs (>LOD in 90+% of the miR-181a-5p -0.19+0.04 <0.0001 -0.18+0.04 <0.0001 MO-PCB TEQ (B=-0.08+0.03) 2DL (p=-0.0720.03) Albumin (B=0.62+0.30) =ndotoxin (B=0.11£0.03)
sample) were quantile-normalized and log10-transformed miR-148a-3p 0.15+0.03 <0.0001 0.13£0.03 0.0002 NO-PCB TEQ (B=-0.08+0.03) YNDL(B=-0.07+0.04) Total Cholesterol (8=-0.67+0.25)

- - : . ) _ i Triglycerides (f=0.18+0.08)

« Categorical liver disease variables were created using K18 as follows: no liver disease (K18 m!R 30c-5p 0.14+0.03 <0.0001 0.150.03 <0.0001 HOMA-IR (B=0.07+0.03)

M65<300 U/L & M30<200 U/L, n=294); necrotic liver disease (K18 M65>300 U/L & M30<200 UIL, miR-18a-5p -0.19+0.05 <0.0001 | -0.17%0.05 0.0002 miR-1855p | Total Dioxin TEQ (p=-0.07%0.04) Direct Bil (3=0.45%0.09) TNFa (B=-0.06£0.03) CO N C L U S | O N S
_ : SR - _ mmu-miR-199a-5 -0.20+0.05 <0.0001 -0.21+0.05 <0.0001 PAI-1 (8=-0.14+0.06)
n_359.)’ ‘f’md other (apoptot.lc) liver disease (K18 M30>200 U/L, n=85). miR-27b-3 5 -0.17+0.04 0.0001 -0.09+0.04 0.04 miR-451a PCDD TEQ (B=-0.11+£0.05) K18 M30 (B=-0.09+0.04) | HOMA-B (=0.08+0.02) Resistin (B=-0.10+0.05)

« Associations between miRs and log-transformed values of K18 and summed PCBs were _ P Sk - PO = - PCDF TEQ (B=-0.11+0.05) Alk Phos (B=-0.2+0.08) . The prevalence of necrotic liver disease was 48.6% in ACHS-I and
determined using generalized, confounder-adjusted linear models. m!R-199a-3p -0.13+0.04 0.0008 -0.11+0.04 0.004 p _ -070

. Statistical significance was set at a p-value <0.05 and/or a false discovery rate (FDR) of <0.20. miR-15b-5p -0.06+0.02 0.001 -0.07+0.02 0.0001 miR-320a PCDD TEQ (8=0.080.04) K18 M30 (B=0.06£0.03) | Total Cholesterol (8=-0.4320.16) | Resistin (8=0.12+0.03) 45.8% In ACHS-II.

« Likewise, preliminary data are presented for the ACHS-II re-contact study (n=345). In addition to mIR-29a-3p 0.10+0.03 0.002 0.10+0.03 0.001 Eadl S . Lgﬁ;gi;i(g 39141(? 32)06) égépigiﬁt‘?Bf.zooaiﬁoog‘;’) *  INACHS-I, necrotic liver disease, serum K18 and PCB congeners
the 35 ortho-substituted PCBs measured in ACHS-I, ACHS-II measured non-ortho PCBs (n=3), MIR-194-5p 0.12+0.05 0.006 0.11+0.04 0.01 miR-27b-3p | PCDD TEQ (B=-0.18+0.08) were associated with 9, 22 and 11 circulating miRs previously
PCDDs (n=7), and PCDFs (n=10) along with additional liver injury biomarkers. Using the WHO miR-130a-3p -0.07%0.03 0.008 -0.08+0.03 0.002 let7d-5p PCDF TEQ (B=-0.13£0.06) K18 M30 (B=-0.140.05) | Total Protein (=-0.82+0.38) Resistin (B=0.17+0.06) associated with liver toxicity, respectively.

TEFs, the toxic equiyalencies (TEQS) were d.et_ermined for PCBS, PCDDs, PCDFS and summed to |et-7l-5p -0.07+0.03 0.02 -0.06+0.03 0.04 miR-134-5p PCDF TEQ (B=0.19:0.08) ig?rc(tsilg(zﬁgzi%%ﬁiioog) égﬁ;giﬁ?égg?;j&%ﬁf) INn ACHS_L three m|RS were positively associated W|th Categorica'
create the total dioxin TEQ. Adjusted B coefficients were determined for these biomarkers of AhR m!R-486-5p -0.07+0.03 0.03 -0.06+0.03 0.03 miR-197-3p | PCDF TEQ (=0.1520.07) | liver disease, continuous K18 and PCB exposures. These miRs
activation with the miR and other disease biomarkers. miR-146a-5p -0.07+0.03 0.04 -0.05+0.03 0.10 miR-146b-5p | PCDF TEQ (B=-0.21+0.07) Endotoxin (f=-0.10+0.04) included: miR-122-5p, miR-192-5p, and miR-99a-5p. The

Table 1. Study demographics and liver disease characterization in ACHS-I (n=738)
Note: Data are n (%) or meanSD.

associations were most significant for the liver-specific miR-122-5p.

T ————— o Not all percents add to 100% due to 'el'ztbrloeg:r.]i?;sg;iigﬁgsenbeerg/\?ie'g\lcr:%h:y(—ne>;p3r8e)ssed serum miRs with whole weight polychlorinated biphenyls (PCBs) as thirty-five summed ortho-substituted congeners and as selected individual The associations between miR-122-5p and the necrotic liver disease

Characteristi i rounding. P-value is one-way B B - - -
aracteristic {nu:29e4] I{-I::ranﬁs; {::thgl RNOVA (rears) o pearson e category and K18 biomarkers was confirmed in ACHS-II (data not

Age (years) 5414157 56041632 51 5+15 1 004 | Cotoqorics.  ach mes0 05 i o Selected estrogenic PCB congeners shown).

BMI (kg/m?) 31.5:7.8 30.9+7.7 32.127.7 0.34 | wise comparison of Necrosis vs. | >PCBs SCB28 SCBA4 PCB49 PCB52 PCB101 PCB110 * INACHS-I, several liver toxicity miIRS were associated with estrogenic PCB congeners. |

Keratin 18 M65 (U/dl) 2336426 43062122120 7025+584.0¢  <0.001 | ST HEr CIe0ned Soe0oTs. Ok MIRNA -« The enriched hepatotoxicity functions by IPA for the miRNAs associated with the necrotic liver disease

o, o Mag (o) 97220 (24 heeb2nh AOTORaA OF <1 | None vs. Necrosis lver disease PSE VaFl)[Je PSE V&IIZI)L-Je pSE VaFl)l-Je BSE V;{’Je B+SE VaFl)l-Je p£SE VaFl)l_Je BESE  P-value category, continuous K18 (not shown) and the PCB exposures were identical. These functions included:

+ + + L C -p<=0. - . . . - . . . . . .

1E'c:tal I;E‘; Fmeg:;i'f :' 111s1317  643ee1es e 6500s1onds D1 | wise comparison of None vs. Other S liver inflammation/hepatitis, cirrhosis, hyperplasia/hyperproliferation and hepatocellular carcinoma.

Sex 0.03 gve?]foféssegfveafﬁegfggg Bold font mliDRN,%\ « P53 was central to the networks enriched by the miRs associated with the necrotic liver disease category
'Ij'ﬁ'e | ;;;f;:g} Lﬁ“{fg%ﬁ gg Egi Abbreviation: ACHS 1, Anniston miR-122-5p -0.04+0.05 0.47 | 0.12+0.05 0.01 | 0.36x0.1 0.0002 | 0.29+0.08 0.001 | 0.21+0.06 0.0002 | 0.12+0.05 0.01 | 0.11+0.06 0.04 (not shown), continuous K18 (not shown), and PCB exposures.

emale _ ) _ ommunity Hea urvey I; , R _ - - - - . ‘D _ ‘D _

Racelethnicity <0.001 | body mass index; PCB, MiR-192-5p 0.02+0.03 048 | 0.06+0.03 007 | 0.11+0.06 007 | 0.06+0.05 028 | 005:004 020 | 0.09+0.03 0.003 | 0.06:0.03  0.07 In AC'_"? Icli’ tOtIa' d_'t?]x'”_;i% Wgs aSécgl'DatTegQW'th two m'RSt(r;"R_tf;‘ 3PRaS”? rT‘F'{R4E1_)815 5p)_.RP§§OTEdeaS
Non-Hispanic White 117 (398) 2230 (62.1) 53¢ (62.4) Candard doviation. - 0.01+0.01 0.61 | -0.01+0.01 0.66 | 0.01+0.03 084 | 0.00:+0.03 099 | 002002 036 | 0.02+001 020 | 0.004002  0.79 assoclated on'y With mit-<Ja-ap. 7= e Was assoclated With s mirs (mik-4o-a, mir-ssJa an
Nonwhite 177 (60.2) 136 (37.9) 32 (37.7) standard deviation. MREEZ0E D ' T ' D ' D ' o ' B ' DR ' miR-27b-3p). PCDF TEQ was associated with six miRs (miR-451a, miR-320a, let7d-5p, miR-194-5p,

miR-99a-5p 0.01+0.03 0.73 | 0.06+0.03 0.02 | 0.08+0.05 0.13 0.08+0.05 0.09 0.07+0.03 0.04 0.03+0.03  0.31 | 0.03+0.03 0.28 miR-197-3p, and miR146b-5p.
- Down-regulated « Toxic equivalency-associated miRs were also associated with additional biomarkers of liver injury,
M I C ro R NA A SSO C IAT I O N S mIRI\'IA 0.02+0.02 0.34 0.01+0.02 0.45 0.05+0.03 0.16 0.02+0.03  0.58 0.01+0.02 0.69 0.00£0.02  0.93 0.02+0.02 0.24 intermediary metabolism, intestinal permeability and adipocytokines.
miR-24-3p e | e | R ' e ' e | R | e | «  The results broadly support the K18-based liver disease categorization procedures (in PMID29684222).
P P
Cel death marler ver disease PeB assocated Figure 1. Venn diagram let-7d-5p -0.01+0.02 0.71 | 0.00+0.02 >0.99 | -0.01+0.04 0.86 -0.03+0.03 0.36 | -0.01+0.02 0.59 0.00+0.02 >0.99 | 0.02+0.02 0.45 fibrosis, HCC, endocrine disruption and systemic inflammation warrant further investigation.
associated mi S associated mi S mi S . . . . . . . . . . . .
— — of h'gh'yi§Xp{ﬁSfed miR-221-3p -0.01+0.02 0.51 | -0.03+0.02 0.12 | -0.02#0.04 0.63 | 0.04+0.03 0.21 | -0.01+0.02  0.68 | -0.03+0.02 0.10 | -0.01+0.02 0.63 « Likewise, estrogenic PCBs, P53 and the AhR require further investigation in environmental liver diseases.
miR-122-5p mMIR-122-5p miR-122-5p serum miRs that were . : - -
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