SUPPLEMENTAL METHODS
Sex as a biologic variable.

Our study is unable to assess the effect of sex because the Obese-IS and Obese-IR
groups did not include males because it is difficult to find males with obesity that are insulin
sensitive. The Lean-IS group included 5 men and 5 women. In the weight loss study, more
women (n=10) participated than men (n=5). As a result, we are underpowered to determine

whether responses differed between men and women in this study.

Study Participants

The samples analyzed in Studies 1 and 2 were obtained from a subset of participants
as part of their participation in two other studies (1, 2). Both studies were approved by the
Human Research Protection Office at Washington University School of Medicine in St. Louis,
MO and registered in ClinicalTrials.gov (NCT02706262 and NCT02207777). Written, informed
consent was obtained from all participants before they started the study, which were
conducted in the Clinical Translational Research Unit (CTRU) at Washington University School
of Medicine in St. Louis, MO.

Study 1 involved 30 men and women who were Lean-IS (n=10; 5 men and 5 women; 5
White, 1 Black, and 4 Asian people), Obese-IS (n=10; all women; 6 White and 4 Black people)
or Obese-IR (n=10; all women; 7 White and 2 Black people, and 1 person from the Pacific
Islands), and was conducted from May 2016 to August 2019. The following inclusion criteria
were required for each cohort: i) Lean-IS defined as BMI 18.5-24.9 kg/m?2, fasting plasma
glucose concentration <100 mg/dL, 2-hr oral glucose tolerance test (OGTT) plasma glucose

concentration €140 mg/dL, HbAlc <5.6% and normal whole-body insulin sensitivity, defined



as the glucose infusion rate (GIR) per kg fat-free mass (FFM) divided by the plasma insulin
concentration (GIR/Insulin) during the final 20 minutes of the hyperinsulinemic-euglycemic
clamp procedure >40 (pug/kg FFM/min)/(uU/mL); ii) Obese-IS had BMI 30-49.9 kg/m2, fasting
plasma glucose concentration <100 mg/dL, 2-hr OGTT plasma glucose concentration <140
mg/dL, HbA1lc <5.6% and normal whole-body insulin sensitivity; and iii) Obese-IR had BMI
30-49.9 kg/m2, HbA1lc 5.7%-6.4% or fasting plasma glucose concentration 100-125 mg/dL or
2-hr OGTT plasma glucose concentration 140-199 mg/dL and impaired whole-body insulin
sensitivity, defined as a GIR/Insulin <40 (ug/kg FFM/min)/(uU/mL). Potential participants
who had a history of diabetes or liver disease other than metabolic dysfunction-associated
steatotic liver disease (MASLD), were taking medications that can affect metabolism, had
metal implants that precluded magnetic resonance imaging or consumed excessive amounts
of alcohol (>21 units of alcohol per week for men and >14 units of alcohol per week for
women) were excluded.

Study 2 involved 15 people with obesity and type 2 diabetes (T2D) (age 52+2 years; 5
men and 10 women; 11 White and 3 Black people and 1 Asian person), and was conducted
from November 2014 to April 2018. Participants were included if they achieved marked
(>15%) weight loss, induced by either Roux-en-Y gastric bypass surgery (n=6) or low-calorie
diet therapy (n=9). This weight loss target was chosen because it is associated with a high
rate of remission of T2D (3). Potential participants who had evidence of significant organ
system dysfunction or disease other than MASLD and T2D, previous intestinal resection, or
consumed excessive amounts of alcohol (>21 oz of alcohol per week for men and >14 oz of

alcohol per week for women) were excluded.



Body composition analyses

Body fat mass and FFM were determined by using dual-energy x-ray absorptiometry
(Lunar iDXA; GE, Madison, WI) and IHTG content was determined by using magnetic
resonance imaging-proton density fat fraction (analyzed by AMRA Medical AB, Linkdping,
Sweden) in Study 1 and by magnetic resonance spectroscopy as previously described (4) in

Study 2.

Serial 24-h blood sampling and hyperinsulinemic-euglycemic clamp procedure in Study 1
Participants were admitted to the CTRU at 1700 h on day 1 for ~48 hours. Subjects
were given standard meals (50% carbohydrate, 35% fat, 15% protein), each containing one-
third of their estimated energy requirements (5), at 1900 h on the day of admission and at
0700 h, 1300 h, and 1900 h on day 2. At 0630 h on day 2, a catheter was inserted into a
forearm or antecubital vein for 24-h serial blood sampling. Blood samples were obtained
hourly from 0700 h to 2300 h on day 2 and from 0500 h to 0700 h on day 3 with additional
blood samples obtained at 30 and 90 min after each meal. At 0715 h on day 3, a primed (8.0
umol/kg) continuous (0.08 umol/kg/min) infusion of [U-13C]glucose (Cambridge Isotope
Laboratories Inc., Andover, MA) was started through the existing intravenous catheter. An
additional catheter was inserted into a radial artery to obtain arterial blood samples. After
the infusion of glucose tracer for 210 min (basal period), insulin was infused for 210 min at a
rate of 50 mU/m2 body surface area (BSA)/min (initiated with a two-step priming dose of 200
mU/m2 BSA/min for 5 min followed by 100 mU/m2 BSA/min for 5 min). The infusion of
[U-13C]glucose was stopped during insulin infusion because of the expected decrease in

hepatic glucose production (6). Euglycemia (~¥100 mg/dl) was maintained by variable infusion



of 20% dextrose enriched to ~1% with [U-13C]glucose. Blood samples were obtained before
beginning the tracer infusion to assess plasma endotrophin concentration and every 6-7 min
during the final 20 min (total of 4 blood samples) of the basal period to assess hepatic insulin
sensitivity and during the final 20 min of insulin infusion to assess whole-body insulin

sensitivity.

Pancreatic hyperinsulinemic-euglycemic clamp procedure in Study 2

To assess insulin sensitivity, participants completed a 9-hour, three-stage pancreatic
hyperinsulinemic-euglycemic clamp procedure, as described previously (1). Glucagon-like
peptide-1 receptor agonists were discontinued two weeks before, oral diabetes
medications were discontinued three days before, and insulin was discontinued one day
before each metabolic study to eliminate their impact on insulin action. Participants were
admitted to the CTRU in the afternoon before the clamp procedure where they consumed a
standard dinner and then fasted overnight. The following morning, catheters were inserted
into an arm vein to infuse stable isotopically labeled glucose, 20% dextrose, insulin,
octreotide, glucagon, and growth hormone, and into a radial artery for blood sampling.
Blood samples were obtained immediately before starting the clamp procedure to assess
fasting plasma endotrophin concentration and during the last 20 minutes of the high insulin
infusion stage (50 mU insulin/m2 body surface area/min) to assess whole-body insulin

sensitivity.

Adipose tissue biopsies



In Study 1, subcutaneous abdominal adipose tissue (SAAT) was obtained from the
periumbilical area during the basal period of the clamp procedure. After anesthetizing the
skin by percutaneous injection of 1% lidocaine, a small skin incision (~0.5 cm) was made and
~0.5 grams of adipose tissue was aspirated through a 4-mm liposuction cannula (Tulip
Medical Products, San Diego, CA) connected to a 60 cc syringe. These samples were
immediately rinsed in ice-cold saline and frozen in liquid nitrogen before being stored at

-80°C until processed for RNA sequencing.

Insulin-stimulated glucose uptake in human skeletal muscle myotubes

Studies conducted in rodents have shown endotrophin affects whole-body insulin
sensitivity (7, 8). We therefore chose to examine the effect of endotrophin on insulin-
stimulated glucose uptake in primary human skeletal muscle myotubes because skeletal
muscle is the primary determinant of whole-body insulin stimulated glucose uptake (9-11).

Human Skeletal Muscle Myoblasts (HSMM cells; Lonza, CC-2580) were cultured in
skeletal muscle growth medium and incubated under 5% CO, at 37° C. After reaching 50%
confluence, the growth medium was removed and replaced with an equal volume of fusion
medium (DMEM-F12 supplemented with 2% horse serum). Cells were cultured until
multinucleated myotubes were detected at which point fusion medium was removed and horse
serum-free skeletal muscle growth medium added. Glucose uptake was assessed by using a
cell-based assay kit from Cayman Chemical (Cat # 600470). A 96-well plate was seeded with
5X104 HSMM cells/well in 100 pl culture medium. Cells were grown overnight. The next day,
cells were treated with endotrophin at 1 ug/ml, with endotrophin exposed to a neutralizing

antibody (5 pg/ml), or with the insulin receptor inhibitor apigenin (a 1:500 dilution from 50



mM stock), and insulin was added to some cells at 100 nM for 20 min in glucose-free culture
medium. Ten minutes before the end of the treatment, 2-NBDG was added to a final
concentration of 200 pug/ml in glucose-free medium. At the end of the treatment, the plate
was centrifuged for 5 min. The supernatant was aspirated, 200 pl of cell-based assay buffer
was added, centrifuged again, and the supernatant aspirated. Another 100 pl of cell-based
assay buffer was added, and the cells were analyzed. 2-NBDG uptake by cells was detected

by fluorescence (excitation/emission=485/535 nm).

Sample analyses and calculations

Plasma sample analysis and concentrations. Plasma glucose concentration was
determined by using an automated glucose analyzer (Yellow Spring Instruments Co, Yellow
Springs, OH). Plasma insulin and HbAlc were measured in the Washington University Core
Laboratory for Clinical Studies. Plasma endotrophin (12), adiponectin, and leptin (both
MilliporeSigma, Burlington, MA) concentrations were determined by using ELISAs. Plasma
endotrophin, glucose and insulin concentration 24-h AUC were calculated using the
trapezoidal method (13). Plasma glucose tracer-to-tracee ratio was determined by using gas
chromatography-mass spectrometry (14).. The hepatic insulin sensitivity index (HISI) was
calculated as the inverse of the product of plasma insulin concentration and the endogenous
glucose rate of appearance (Ra) into the systemic circulation, determined by dividing the
glucose tracer infusion rate by the average plasma glucose TTR during the last 20 min of the
basal period of the HECP (15). Total glucose rate of disappearance (Rd) during insulin infusion
was assumed to be equal to the sum of endogenous glucose rate of appearance into the

bloodstream and the rate of infused glucose during the last 20 min of the clamp procedure.



Whole-body insulin sensitivity was calculated as glucose Rd expressed per kg FFM divided by
the average plasma insulin concentration (glucose Ry/1) during the final 20 min of the clamp
procedure (15).

Adipose tissue RNA sequencing. Total RNA was isolated from frozen SAAT samples by
using QlAzol lysis reagent and a RNeasy mini kit (Qiagen, Valencia, CA) in combination with a
RNase-free DNase Set (Qiagen) as we previously described (16). Library preparation on the
remaining samples was performed with total RNA and cDNA fragments sequenced on an
Illumina NovaSeq 6000 (Illumina, San Diego, CA). Gene expression was initially calculated as
log,-transformed counts per million (CPM) reads before being transformed to Z-scores
calculated by normalizing values using the mean and standard deviation across all
participants. This normalization method allows for direct comparison of genes with varying
expression levels, where values of +1 or -1 indicate expression levels one standard deviation
above or below the mean, respectively. Composite collagen expression was calculated as the
mean Z-score of collagens 1A1, 1A2, 3A1, 5A1, 5A2, 5A3, 6A1, 6A2, 6A3, 12A1, 14A1 and
24A1, which we have found to be closely related to adipose tissue fibrogenesis (collagen 1al
fractional synthesis rates) and expression of genes that regulate extracellular matrix

formation (17).

Statistics

All non-RNA sequencing data were tested for homogeneity of variance by Levene’s
test and normality by using the Kolmogorov-Smirnov test with skewed data sets were log-
transformed for inferential statistical analysis and back transformed for presentation. One-

way ANOVA was used to compare participant characteristics and outcomes measured at a



single time point among Lean-IS, Obese-IS and Obese-IR groups and glucose uptake assessed
in human primary skeletal muscle myotubes with the Tukey’s honestly significant difference
or Games-Howell post-hoc procedures used to identify significant mean differences where
appropriate for datasets with equal and unequal variance, respectively. Plasma glucose,
insulin and endotrophin 24-h profiles were analyzed by using linear mixed model analysis
with time and group as fixed factors. Relationships among plasma endotrophin and other
outcomes were evaluated by using linear and nonlinear regression analysis with the best fit
to the data reported. Student’s t-tests for paired samples were used to compare outcomes
before and after weight loss in Study 2. A two-tailed P value <0.05 was considered
statistically significant. Data are reported as means + SEM unless otherwise noted. Statistical

analyses were conducted by using SPSS (version 28, IBM, Armonk, NY).

Study approval
Subjects provided written, informed consent before participating in these studies,
which were approved by the Human Research Protection Office at Washington University

School of Medicine in St. Louis.

Data availability
The RNA-sequencing data have been deposited in the Gene Expression Omnibus

database (https://www.ncbi.nlm.nih.gov/geo; accession no.:GSE244121). Raw data used to



generate the descriptive statistics presented in this manuscript can be found in

the Supporting Data Values file.



ACKNOWLEDGEMENTS

The authors thank Drs. Dawei Bu, Zhigiang An and Ningyan Zhang for analysis of
plasma endotrophin concentrations, the staff of the Center for Human Nutrition, the Clinical
and Translational Research Unit and the Center for Clinical Imaging Research for their help in
performing this study, and the study subjects for their participation. This study was
supported by National Institutes of Health grant P30DK56341 (Nutrition Obesity Research

Center), and support from the Foundation for Barnes-Jewish Hospital.

AUTHOR CONTRIBUTIONS

G.L.S. conducted the clinical studies. G.1.S. performed the sample analysis. G.1.S, and
S.K. analyzed and interpreted the data. G.1.S. and S.K. wrote the manuscript. S.K. designed
and supervised the studies and obtained funding for the work. S.K. is the guarantor of this
work and, as such, had full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. All authors critically reviewed and

edited the manuscript.

10



Supplemental Table 1. Body composition and metabolic outcomes

Lean-IS Obese-IS Obese-IR

(n=10) (n=10) (n=10)
Age (yr) 351+34 39525 39.2+2.0
Body mass index (kg/m?2) 228+05 389+1.62 386+1.72
Body mass (kg) 62.8+2.0 108.0+6.42 107.0+4.32
Fat-free mass (kg) 452+2.2 51.6+242 547+1.62
Body fat (%) 28 +2 51 + 2a 48 + 12
IHTG content (%) 1.7+0.2 26+0.2 16.5 £ 2.02b
HbAlc (%) 50+0.1 51+0.1 5.8 +0.32b
Fasting glucose (mg/dL) 84+1 88+1 97 + 3a
OGTT 2-h plasma glucose (mg/dL) 92+6 104+ 6 176 + 102
24-h glucose area under the curve (mg/dL x 24h) 2,286 +63 2,268+47 2,660+ 51ab
24-h insulin area under the curve (uU/mL x 24h) 585+ 111 840 + 73 2,090 +

348ab

Plasma leptin-adiponectin ratio: (ng/mL) / (ug/mL) 1.5+0.5 145+35 182+3.0°
Plasma endotrophin-adiponectin ratio: (ug/mL) / 1.8+0.4 2.1+0.3 45+05"
(ng/mL)
:ilze&z;tr:nl)njt(;ﬂz/sn(::)s;hwty index: 1,000/((umol/kg 115416 67107 20+ O.4ab
Insulin sensitivity: Glucose Rd (nmol/kg FFM/min) / 554 + 40 536 +53 202 + 103b

Insulin (uU/mL)

Data are expressed as mean + SEM. FFM, fat-free mass. Glucose Rd, glucose rate of

disappearance. IHTG, intrahepatic triglyceride. Two-tailed one-way ANOVAs and Tukey’s
honestly significant difference post-hoc procedures were used to identify significant differences
between groups for data with equal variance and Games-Howell post-hoc test for data with
unequal variance. @P <0.05 value significantly different from Lean-IS value. P <0.05 value

significantly different from Obese-IS value.
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Supplemental Table 2. Body composition and metabolic outcomes before and after ~18%

weight loss

Before After P-value
Body mass index (kg/m?2) 424+14 346+1.1 -
Body mass (kg) 11;.;’, + 96.4+2.9 )
Fat-free mass (kg) 60.7+3.0 55.5%2.6 <0.001
Body fat (%) 483+1.7 426+19 <0.001
IHTG content (%) 147+28 3.8+04 0.001
HbAlc (%) 78+05 5.7z10.2 <0.001

Insulin sensitivity: Glucose Rd (nmol/kg FFM/min) / 262+30 552 +45 <0.001
Insulin (uU/mL)

Data are expressed as mean + SEM. P-values by paired two-tailed t-test. Glucose Rd, glucose
rate of disappearance. IHTG, intrahepatic triglyceride.
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Supplemental Figure 1. Relationships among plasma endotrophin concentration and serial
24-h plasma glucose and insulin concentrations and insulin sensitivity. (A-E) Relationship
between plasma endotrophin concentration and 24-h plasma glucose (A) and insulin (B)
concentration areas-under-the curve (AUC), hepatic insulin sensitivity index (HISI) (C),
intrahepatic triglyceride (IHTG) content (D) and whole-body insulin sensitivity (glucose rate of
disappearance (Rd) divided by plasma insulin concentration during a hyperinsulinemic-
euglycemic clamp procedure) (E). (F-G) Relationship between whole-body insulin sensitivity
and plasma endotrophin-to-adiponectin ratio (F) and plasma leptin-adiponectin ratio (G)
White, black, and orange circles represent participants in the Lean-IS, Obese-IS, and Obese-IR
groups, respectively. All group sizes are n=10 Lean-IS, 10 Obese-IS and 10 Obese-IR except
panels F and G, which are n=9 Lean-IS, 10 Obese-IS and 10 Obese-IR. Relationships among
outcomes were evaluated by using linear and nonlinear regression analysis with the best fit
to the data reported.
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ANOVA  Association with plasma endotrophin

LeaniS ObeseiS Obese-R P value rvalue P value
HIF1A . . 0.073 039 0.035
CD86 <0001 079 <0001
™ . . <0001 072 <0001
ccLz . . <0001 063 <0001
COL1A1 0.345 022 0248
coL1A2 . 0012 052 0.004
COL3A1 . <001 062 <0001
COL5AT . 0009 040 0.030
coLsA2 .. <001 067 <0.001
COL5A3 <001 045 0012
COLGAT <0001 063 <0001
COoL6A2 J . <0.001 065 <0001
COLGA3 0.010 052 0.003
Mean COL6 . <0001 063 <0001
OOL12A1 . 0014 063 <0001
COL14A1 . . <001 071 <0.001
OCOL24A1 - <001 066 <0001
Composite collagen expression <0001 068 <0001
LoX . 0.006 058 <0001
GBI r <0001 065 <0001
AVt I . 0.003 071 <0001
MP2 0.136 047 0.008
MVIP9 . <0001 063 <0001
MVIP14 . 0.078 062 <0001
MVIP16 - 0.026 026 0172

[ . __Tham

3 2 -1 0 1 2 3

Supplemental Figure 2. Subcutaneous abdominal adipose tissue transcriptomics. Heatmap
representing gene expression of HF1A, markers of inflammation, individual collagen isoforms
and composite collagen gene expression and key regulators of extracellular matrix

remodeling and endotrophin production in Lean-IS (n=10), Obese-IS (n=10) and Obese-IR (n=10)
groups. The data were normalized by calculating log,-transformed counts per million reads for
each gene followed by Z-score transformation using the mean and standard deviation of all
values for each gene. Composite collagen gene expression values were calculated as the average
expression of 12 collagen isoforms (COL1A1, COL1A2, COL3A1, COL5A1, COL5A2, COL5A3,
COL6A1, COL6A2, COL6A3, COL12A1, COL14A1, and COL24A1). Red indicates higher relative
abundance, and blue indicates lower relative abundance. One-way ANOVA was used to compare
gene expression between groups. Relationships between plasma endotrophin concentration
and gene expression outcomes were evaluated by using linear and nonlinear regression analysis
with the best fit to the data reported.
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