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SUPPLEMENTARY RESULTS

Validation of mAb binding to native serum HSP70 or GRP78

Amino acid sequences of HSP70 and GRP78 are shown in the Supplementary Fig.S3A,B using the one
letter code and numbers indicating amino acid positions, where the part in light blue highlights the
amino acids sequence of the epitope recognized by the respective monoclonal antibodies (mADbs).
HSP70 (Clone 3A3) mAb recognizes the region located between amino acids 504-617 of HSP70, while
GRP78 (Clone 76-E6) mAb recognizes the region located between amino acids 497 and 581.

We aimed to ascertain whether commercial mAbs recognize native epitopes of HSP70 or GRP78 and
thus measured the affinity constants of these antibodies for the respective native serum proteins by a
combination of strategies including Surface Plasmon Resonance (SPR) and co-immunoprecipitation
assay. In fact, for physiological studies, it is imperative that mAbs recognize the target protein in its
native conformation.

We wanted to ascertain that mAbs used in our study recognized native epitopes of HSP70 or
GRP78 and thus we measured the affinity constant of these antibodies for the respective native serum
proteins by SPR using covalently attached mAbs to a dextran sensor surface.

Supplementary Fig.S3C,D shows the fitting curves from independent experiments where various
dilutions of HFD rat serum with known concentrations of native proteins by ELISA was titrated with a
fixed concentration of anti-HSP70 or anti-GRP78 mADbs.

The equilibrium dissociation constant, (KD=kd/ka) was 0.71x10~° M for anti-HSP70 and 0.58x10~° M
for anti-GRP78 mADbs. This indicates that antibodies are of high affinity with sensitivity in picomolar
range.

The interaction between mAbs and HSP70 or GRP78 was further confirmed by the

immunoprecipitation and immunoblotting assays.



To validate mADb specificity, each mAb was separately incubated with a serum sample
containing 13.42 ng of HSP70 and 3.08 ng of GRP78 enabling the antibody to bind the respective
serum protein. The antibody/antigen complex was then pulled out of the sample using magnetic beads
coated with anti-mouse 1gG antibody. Western blot SDS-PAGE shows that the mAbs tested were
highly specific (Supplementary Fig.S3E,F) since native HSPs were no more detectable after co-
immunoprecipitation.

The validation assay, carried out in triplicate, demonstrated, in fact, that Santa Cruz mAb detected
HSP70 at the 70+0.8 kDa and 70+4 kDa band position with recombinant and endogenous proteins,
respectively, and this conformed with the expected mass of 70 kDa, as indicated in the manufacturer’s
technical data sheet. Specific mAb from Santa Cruz detected GRP78 at molecular weight positions of
78+0.7 and 78+0.5 kDa for recombinant protein and serum protein, respectively. This is in close
agreement with the reported 78-kDa molecular mass.

To exclude that mAbs were able to bind similar antigenic sites on different proteins, we
performed cross-reactivity studies on a serum depleted of either HSP70 or GRP78. After
immunoprecipitating HSP70 from serum using its specific antibody, we found that mAb against
GRP78 did not cross-react with HSP70 in the precipitate (Supplementary Fig.S3G).

Similarly, after GRP78 immunoprecipitation, mAb against HSP70 was unable to detect GRP78 in the

immune precipitate (Supplementary Fig.S3H).
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Figure S1.

a, In vitro glucose uptake in rat primary myocytes stimulated with insulin (100 nM) and recombinant
proteins (n="5 biologically independent experiments; most effective concentration selected see Methods).
b, Flow cytometry-based analysis of intestinal mucosa cell death using propidium iodide staining (n=5
biologically independent animals). ¢,d In vitro study of the secretion of HSP70 (c) and GRP78 (d) in the
conditioned medium (CM) from duodenum, jejunum and ileum in rats fed chow (CD) or high fat diet
(HFD) (n= 5 biologically independent animals). e-h Intestinal (Jejunum) gene (e,f) and protein (g,h)
expression of HSP70 and GRP78 in rats fed a CD or HFD (n= 5 biologically independent animals). i,j,
Serum concentration of HSP70 (e) and GRP78 (f) in rats under HFD, CD and Zucker Diabetic Fatty
(ZDF) rats (n= 5 biologically independent animals). k,I Serum concentration of HSP70 (g) and GRP78
(h) in rats that underwent sham-operation (Sham-op) or Duodenal-jejunal Bypass (DJB) (n= 5
biologically independent animals). Data are presented as mean value = SEM. Statistical significances
were calculated by unpaired two-tailed t-test, two-tailed Mann—-Whitney test and One-way Anova with
Bonferroni’s correction for multiple comparisons, where appropriate. Source data are provided as a

Source Data file.
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Figure S2.

a,b, Representative image of post-sorting analysis (n=5 biologically independent animals). After sorting,
enteroendocrine cells (a) purity was >90% as shown by the high expression of Claudin-4 and marginal
expression of Integrin-4, while, intestinal epithelial cells (b) purity was >85% since the large majority

of cells expressed Integrin-p4.
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Figure S3.

a,b, Amino acid sequence of HSP70 (a) and GRP78 (b) using the one letter code and numbers indicating
amino acid positions; the part in light blue highlights the amino acids sequence of the epitope recognized
by the respective monoclonal antibodies (mAbs). HSP70 (Clone 3A3) mAb recognizes the region located
between amino acids 504-617 of HSP70, while GRP78 (Clone 76-E6) mAb recognizes the region located
between amino acids 497 and 581. c,d, Sensorgram of Surface Plasmon Resonance evaluating the
binding affinity between mAbs against HSP70 (c) or GRP78 (d) to serum HSP70 and GRP78. e-h,
Antibodies specificity (e,f) and cross- reactivity (g,h) validation by co-immunoprecipitation and Western

Blot. N=5 indipendent experiments.
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Figure S4.

Time-course of the Relative Fluorescent Units (RFU) of mAbs against HSP70 (a) and GRP78 (b). RFU
is represented by filled squares, while the model fitting is represented by a continuous line. The model
fitting provides the mAb concentration in pM. V (1) is the mAb distribution volume. P (pM) is the free
HSP serum concentration. K (pM 1) is a constant proportional to mAb total concentration. K (10712 M)
is the quasi-steady state dissociation constant of the mAb-HSP complex. The elimination of mAb from
serum is represented by k. (h'). Finally, the mAb internalization into tissues is represented by the

constant rate k;,,, (h2).
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Figure S5.

a-c, Representative ex vivo images of dissected organs 2 hours after the injection (1ug/ml) of fluorescent
Ab isotype (a) or mAbs against HSP70 (b) or GRP78 (c). c,d, Radiant efficiency of the tissues after the
infusion with Ab isotype (d) or mAbs against HSP70 (e) or GRP78 (f). Data are presented as mean value

+ SEM of n=5 biologically independent animals. Source data are provided as a Source Data file
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Figure S6.

a, Serum concentration of HSP70 and GRP78 in rats under chow diet in combination with continuous
infusion of recombinant HSP70 or GRP78. b, Average body weight time course; the dotted line
represents the time when the osmotic pumps were implanted to infuse recombinant HSP70 or GRP78 or
saline solution. c-e, Body composition; weight of visceral adipose tissue (VAT) (c), subcutaneous
adipose tissue (SAT) (d) and liver (e). f-1, Plasma levels of total Bile Acids (f), Alanine aminotransferase
(ALT) (g), Aspartate aminotransferase (AST) (h), Triglycerides (TG) (i), Cholesterol (CH) (j), Glucagon-
like peptide-1 (GLP-1) (k) and Peptide YY (PYY) (I) in rats fed a chow diet (CD) and infused with
recombinant HSP70 or GRP78 or saline solution. m, Time course of caloric intake; the dotted line
represents the time when the osmotic pumps were implanted to infuse recombinant HSP70 or GRP78 or
saline solution. Data are meantSEM from n=10 biologically independent animals. Statistical
significances were calculated by Kruskal-Wallis test with Dunnett’s correction for multiple comparisons.

Source data are provided as a Source Data file.
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Figure S7.

a,b, Intestinal (rat primary colon epithelial cells) phosphorylation of phospho-inhibitory subunit of NF-
kB alpha (pIkBa) on Ser32 and Nuclear factor NF-kappa-B p65 subunit (p65) on Ser276 in the presence
of recombinant heat-shock proteins (15 ng/ml of HSP70 and 3 ng/ml of GRP78) and in the presence or
absence of TLR4 inhibitor, TAK-242 (200nM). c, Gene expression of intestinal (rat primary colon
epithelial cells) inflammatory markers as well as key regulators of intestinal permeability. d-h, Nile red
staining of primary rat hepatocytes incubated with recombinant heat-shock proteins (15 ng/ml of HSP70
and 3 ng/ml of GRP78) and in the presence or absence of TAK-242 (200nM). i, Gene expression of free-
fatty acid transporter CD36 and key enzymes involved in hepatic de novo lipogenesis. j-n, Flow
cytometry of myofibroblastic differentiation of rat primary hepatic stellate cells treated with recombinant
heat-shock proteins (15 ng/ml of HSP70 and 3 ng/ml of GRP78) and in the presence or absence of TLR4
inhibitor, TAK- 242 (200nM). o, Gene expression of Tumor growth factor § (TGF-B) in rat primary
hepatic stellate cells treated with recombinant HSP70 (15 ng/ml) or GRP78 (3 ng/ml) and in the presence
or absence of TAK-242 (200nM). Magnification 40X. Scale bar: 50 um. Data are mean £ SEM of n=4
independent experiments. Statistical significances were calculated by paired two-tailed t-test. Source data

are provided as a Source Data file.



Q Ratprimary hepatocytes

PERK Thr980
PERK
IRE1 Ser724

PERK Thr980/PERK ( AU)

IRE1 Ser724/IRE (AU)

ATF6/BActin (AU)

o o P
° 7 9

=
0
1

=
=)
1

o
3
1

o
?

[ o= s we| 125 kDa
[ w=see= | 125kDa
[* = iiwa] 110kDa
[W=s=%ewe]| 110kDa
s st 2] 80kDa
[~==w] 42kDa

N
o
]
o
o
=y

n
=]
1
o
-+

=
&
I

Rat primary hepatic stellate cells

PERK Thr980 125 kDa

PERK [* % &= &= | 125 kDa

IRE1 Ser724 110 kDa

IRE1 [* = === 110 kDa
ATF6 [w=ewwsw]| 80kDa
BACtin s s we s 42 kDa

0.01

S 254 0.01
< P
z .| e
X 20
w
& 5
o
1]
Q@ 104
=
~ 05
o
& o.0-
O & O R
N LKL
X&@ & x@‘% &
& AT R
SR
4 _ 002
=) 0.008
s 7 -
w37
[
s
N 2
~
£
[}
@» 14
-l
w
o
€
2 O ®
éz’\ ng\ S Qi?«
F LI
;o
0.01
. 0.01
4 T

n
=}
1

=
o
1

ATF6/BActin (AU)
5

0.5
0.0-
Q % Q Q
& &L
& &0 \\2\ \0
X X ox Ox
S

C Rat primary myocytes

PERK Thr980 =— - - |
PERK [w v ww we]
IRELSer724 [~ — ~ |
IRE [5 s e e |

ATF6 = ——]

BActin

AU)
NN
g ¢

[
o
1
"y
e

=
o
1

PERK Thr980/PERK (

0.0-

0.005
0.04

o
(&2
1
O

125 kDa
125 kDa
110 kDa
110 kDa
80 kDa
42 kDa

A P\
L L L
E & ES
x x x
R
)(é )(e
__ 27 _ 003
=) 0.005
<
w +
< < .
I
& 1
~
E
(]
(7]
-
w
o
=N
AT
VR R R
y &£ ‘o‘* x«\%@ &
o
xe?‘ Xé?‘
0.03
15- 0.008
- PR
: - .
<
= 1.0
(=
£
($)
a
@ 0.5
[(-]
=
<
0.0-
Q Q Q Q
g & &L
RSV O S )
X X X X
[SANS;
& &

d Rat

primary hepatocytes

pAkt serazs [ THITII] 60kDa
60 kDa
(SEUAAE 78kDa
78 kba

Total Akt
pFOXO01 Thr24
Total FOXO1

Akt Ser473/Akt (AU)

FOXO1 Thr24/ FOXO1 (AU)

& &
<
N SN OINSC

afes
@)
L

S & QO 2 O 2
N Q/\ 3\ Q'\ Q'\
S D

Rat primary myocytes

0.006
807 0.004
P 0.01
= 604
[=]
€
2 40
o
o
a 204
~
od
o
& it




Figure S8.

a-c, Western Blot analysis of key proteins involved in Unfolded Protein Response (UPR). Rat primary
hepatocytes (a), rat primary hepatic stellate cells (b) and rat primary myocytes (c) were treated with
recombinant heat-shock proteins (15 ng/ml of HSP70 and 3 ng/ml of GRP78), in the presence or absence
of N-acetyl cysteine (NAC) (50uM). d, Western Blot analysis of insulin mediated Akt Ser473 and Foxol
Thr24 phosphorylation in rat primary hepatocytes treated with recombinant heat-shock proteins (15
ng/ml of HSP70 and 3 ng/ml of GRP78), in the presence or absence of Taurocholate (TCA) (1 mM).
Hepatocytes were stimulated with 100nM insulin for 10 minutes. e, Insulin mediated glucose uptake of
rat primary myocytes treated with HSP70 (15 ng/ml), GRP78 (3ng/ml) alone or in combination with
Taurocholate (1 mM). Myocyte were stimulated with 100nM insulin for 10 minutes. Data are mean *
SEM of n=4 independent experiments. Statistical significances were calculated by Kruskal-Wallis test

with Dunnett’s correction for multiple comparisons. Source data are provided as a Source Data file.
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Figure S9.

a, Serum concentrations of HSP70 and GRP78 at baseline and following mAbs infusion. b, Average
body weight time-course; the dotted line represents the time when the osmotic pumps were implanted to
infuse mAbs against HSP70 or GRP78 or Ab Isotype. c-e, Body composition; weight of visceral adipose
tissue (VAT) (c), subcutaneous adipose tissue (SAT) (d), liver weight (e). f-I, Plasma levels of total Bile
Acids (f), Alanine aminotransferase (ALT) (g), Aspartate aminotransferase (AST) (h), Triglycerides
(TG) (i), Cholesterol (CH) (j), Glucagon-like peptide-1 (GLP-1) (k) and Peptide Y'Y (PYY) (1)in rats fed
a high fat diet (HFD) and infused with mAbs against HSP70 or GRP78 or Ab Isotype. |, Time course of
caloric intake; the dotted line represents the time when the osmotic pumps were implanted to infuse
mADbs against HSP70 or GRP78 or Ab Isotype. Data are mean £ SEM from n=10 biologically
independent animals. Statistical significances were calculated by Kruskal-Wallis test with Dunnett’s
correction for multiple comparisons and two-tailed Mann—-Whitney test. Source data are provided as a

Source Data file.
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Figure S10.

a, Average body weight time course; the dotted line represents the time when surgery was performed and
when the osmotic pumps were implanted to infuse recombinant HSP70 or GRP78 or saline solution. b-
d, Weight of visceral adipose tissue (VAT) (b), subcutaneous adipose tissue (SAT) (c), liver weight (d).
e-k, Plasma levels of total Bile Acids (e) Alanine aminotransferase (ALT) (f), Aspartate aminotransferase
(AST) (g), Triglycerides (TG) (h), Cholesterol (CH) (i), Glucagon-like peptide-1 (GLP-1) (j) and Peptide
YY (PYY) (K) in rats after sham-operation (Sham-Op) or duodenal jejunal bypass (DJB) and infused
with recombinant HSP70 or GRP78 or saline solution. I, Time course of caloric intake; the dotted line
represents the time when surgery was performed and when the osmotic pumps were implanted to infuse
recombinant HSP70 or GRP78 or saline solution. Data are mean+SEM of n=10 biologically independent
animals. Statistical significances were calculated by Kruskal-Wallis test with Dunnett’s correction for

multiple comparisons. Source data are provided as a Source Data file
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Figure S11.

a, Principal component analysis (PCoA) on the Bray-Curtis dissimilarity index calculated for gut
microbiota profiles of amplicon sequence variants (ASVs). Small intestinal (duod, duodenum, n=20; jej,
jejunum, n=17; ile, ileum, n=27) and fecal samples (n=48) were added in this analysis. b, PCoA on the
Bray-Curtis dissimilarity index calculated for fecal microbiota profiles of amplicon sequence variants
(ASVs) colored by diet (Chow, n=11; HFD, n=37) and c, colored by group (Chow, n=3; Chow+rHSP70,
n=4; Chow+rGRP78, n=4; HFD, n=8; HFD+AbHSP70, n=4; HFD+AbGRP78, n=5; Sham, n=7; DJB,
n=5; DJB+rHSP70, n=5; DJB+rGRP78, n=3). The numbers in brackets next to the axes indicate the

amount of compositional variation explained by each PCo.
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Figure S12.

Heat map of prevalent differentially abundant amplicon sequence variants (ASVs) (FDR-adjusted p
value < 0.05) present in at least 10% of the fecal samples and with taxonomic affiliation at least at
genus level. The red-blue color scale indicates z-score normalized relative abundance. CD, n=3;
CD+rHSP70, n=4; CD+rGRP78, n=4; HFD, n=8; HFD+AbHSP70, n=4; HFD+AbGRP78, n=5;

Sham, n=7; DJB, n=5; DJB+rHSP70, n=5; DJB+rGRP78, n=3.
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Figure S13.

a, Distance-based redundancy analysis (db-RDA) for Bray-Curtis dissimilarity distances of amplicon
sequence variants (ASVs) fecal microbiota profiles, metabolic/inflammatory variables and microbial
taxa that best explain the variation of gut microbiota composition in fecal samples (CD, n=3;
CD+rHSP70, n=4; CD+rGRP78, n=4; HFD, n=8; HFD+AbHSP70, n=4; HFD+AbGRP78, n=5; Sham,
n=7; DJB, n=5; DJB+rHSP70, n=5; DJB+rGRP78, n=3). The statistical model constrained 21.8% of the
compositional variation (p<0.001). Arrows indicate variables significantly correlated with variation of
fecal microbiota composition. AST, aspartate aminotransferase; LPS, lipopolysaccharides;
Glucose_120min, blood glucose 120 minutes after oral glucose challenge; VAT, visceral adipose tissue;
SAT, subcutaneous adipose tissue. Group is a categorical variable that indicates control and treated
samples as: 1=Chow; 2=CD+rGRP78; 3=CD+rHSP70; 4=HFD; 5=HFD+AbGRP78;
6=HFD+AbHSP70; 7=DJB; 8=DJB+rGRP78; 9=DJB+rHSP70; 10=SHAM. b, db-RDA for Bray-Curtis
dissimilarity distances of ASVs profiles, metabolic/inflammatory variables and microbial taxa that best
explain the variation of gut microbiota composition in fecal samples from chow diet CD HFD fed rats
treated with recombinant proteins (rHSP70, rGRP78) or blocking antibodies (AbHSP70, AbGRP78)
(CD, n=3; CD+rHSP70, n=4; CD+rGRP78, n=4; HFD, n=8; HFD+AbHSP70, n=4; HFD+AbGRP78,
n=5). The statistical model constrained 32.5% of the compositional variation (p-value=0.001). Arrows
indicate variables significantly correlated with variation of fecal microbiota composition. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; LPS, lipopolysaccharides; Glucose_120min, blood
glucose 120 minutes after oral glucose challenge; VAT, visceral adipose tissue; SAT, subcutaneous
adipose tissue. Group is a categorical variable that indicates control and treated samples as: 1=Chow;
2=CD+rGRP78; 3=CD+rHSP70; 4=HFD+AbGRP78; 5=HFD+AbHSP70; 6=HFD. c, Significant
Spearman’s correlations between abundance of fecal ASVs and metabolic/inflammatory variables. The
red-blue color scale indicates the direction and intensity of Spearman’s correlations, with red and blue

showing positive and negative correlations, respectively. +p<0.05; *p<0.001 (FDR adjusted).
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Figure S14.

a-c, Plasma levels of Fibroblast growth factor 15 (FGF15). Data are mean £SEM from n=10 biologically
independent animals. Statistical significances were calculated by Kruskal-Wallis test with Dunnett’s

correction for multiple comparisons. Source data are provided as a Source Data file.
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Figure S15.

a, Two-step partitioning cluster analysis with HSP70 and GRP78 as continuous variables and histological
liver scores, i.e. SAF-S, SAF-A and SAF-F, as categorical variables. The quality of the cluster is good.
The centroids values of the two clusters (subjects with NASH vs. healthy controls) for HSP70 and GRP78
are reported in the table. b, The cluster size (47 subjects with NASH and 39 healthy controls) shows that
1 HC was misclassified. The input importance shows that HSP70 and GRP78 are major predictors of
NASH presence. ¢, Importance of HSP70, SAF-A, SAF-F, SAF-S and GRP78 as predictors of NASH

presence. d, Comparison of cluster composition.
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Figure S16.

a-c, Experimental design of the study involving dietary intervention. d,e, Experimental design of the
study involving dietary intervention and infusion of recombinant protein or blocking monoclonal
antibodies. f, Experimental design of the study including metabolic surgery and infusion of recombinant

protein. Created with BioRender.com.
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Figure S17.

a, Gating strategy of gut mucosa cell death using propidium iodide staining. b, Gating strategies of
rat hepatic stellate cells (HSCs) stained with alpha-smooth muscle Actin (a-SMA) and Collagen

type | alpha 1 (COL1A1).



SUPPLEMTENTARY TABLES

Table S1. Recombinant and native HSP70 and GRP78 kinetics in rats

A
(ng/ml-min'l)
rHSP70 8.37+1.50
Native HSP70 7.95%+1.69
rGRP78 4.4+1.43

Native GRP78 2.86+0.68

K1
(I-min1)
0.034+0.006
0.031+0.011
0.009+0.003

0.017+0.008

Data are expressed as mean + SEM.

K2
(I-min"1
0.018+0.009
0.010+0.002
0.010+0.003

0.009+0.003

Tm
(ng-min'l)
0.031+0.004
0.030+0.004
0.017+0.005

0.029+0.009

Km EV
(ng/ml) (min)
7.74£0.73 64.33%6.15

8.94+0.12 68.33+12.78

12.94+5.20 62.17+18.00

9.72+1.06 60.50+11.00

A (ng/ml-mint) is the maximal inflow rate of the protein; K1 and K2 are the rates (1/mint) of inflow

increase and decrease; Tm (ng/min) and Km (ng/mL) are the parameters of the Michaelis-Menten

function.



Table S2. Insulin sensitivity and insulin secretion, measured by the oral glucose minimal model

Chow Diet

CD+rHSP70
CD+rGRP78
HFD+ Isotype
HFD+AbHSP70

HFD+AbGRP78

Sham-Op

DJB

DJB+rHSP70

DJB+rGRP78

SGx10?

(min)
4.09+0.12
4.060.12
3.80£0.13
3.86+0.12
3.91+0.22
3.96+0.15
4.09+0.14
4.09+0.13

4.3520.16

4.09+0.14

px102

(min)
0.15+0.005
0.24+0.02
0.17£0.02
0.17£0.03
0.17+0.04
0.18+0.03
0.33£0.07
0.16+0.02

0.15+0.02

0.16+0.01

Data are expressed as mean + SEM.

SIx10*
(pM™1 min?)
0.82+0.04

0.14+0.02
P<0.0001
0.16+0.02
P<0.0001
0.15+0.03

0.76+0.02
P<0.0001
0.93+0.04
P<0.0001
0.13+0.005

0.50+0.04
P<0.0001
0.10£0.01
P<0.0001
0.13£0.005
P<0.0001

Volume
(mL)
72.22+0.98

70.86+0.98

81.14+2.18
P=0.049
96.33+1.42

69.20+0.44
P<0.0001
68.60+0.45
P<0.0001
106.80+1.50

72.41+2.82
P<0.0001
81.65+1.55
P=0.0027
80.1440.76
P=0.0021

dx10°
(min™)
2.99+0.49

22.33+2.83
P<0.0001
22.814+4.38
P<0.0001
22.35+2.63

3.92+0.69
P<0.0001
2.84+0.57
P<0.0001
24.862+2.30

2.99+0.48
P<0.0001
22.851+2.62
P<0.0001
20.34+2.30
P<0.0001

AUCISR
(nmoles)

1.354+0.15

22.65+2.68
P<0.0001
20.9442.46
P<0.0001
38.41+3.64

7.83£1.04
P<0.0001
7.37+0.97
P<0.0001
40.14+4.73

1.68+0.40
P<0.0001
20.82+1.23
P<0.0001
20.9442.46
P<0.0001

SG, glucose effectiveness; p, minimal model parameter; Sl, insulin sensitivity; Volume, glucose

volume of distribution; @, total B-cell glucose sensitivity; AUCISR, incremental area under the curve

of the insulin secretion rate over basal; CD, Chow Diet; HFD, High Fat Diet; Sham-op, Sham-

operation; DJB, Duodenal-Jejunal Bypass. HSP70, Heat Shock Protein 70; GRP78, Glucose-related

Protein 78.



Table S3. Anthropometric and metabolic data of people with NASH and healthy controls.

People With Healthy pValue
NASH Controls
(n=47) (n=39)

Age 49.85+1.33  41.97+1.38 NS
Weight 12354321  63.95+1.75 <0.0001
BMI 43.65+0.89  21.62+0.26 <0.0001
Plasma Glucose (mg/dl) 105.2+3.96 80.16+1.29 <0.0001
Plasma Insulin (mIU/I) 25.08+3.07 8.74+0.30 <0.0001
HOMA-IR 6.49+0.85 1.75+0.080 <0.0001
Cholesterol (mg/dl) 192.1+4.27  173.2+2.70 0.0007
HDL (mg/dl) 54.64+3.59  67.26+1.77 0.0044
*LDL (equation) 107.945.87  99.08+2.14 NS
Triglycerides(mg/dl) 145.3+8.98  85.16+3.87 <0.0001
ALT (1U/l) 24.89+1.25  16.45+0.86 <0.0001
AST (1U/l) 33.70+2.49  17.03+0.99 <0.0001
HbAlc (mmol/mol) 43.09+1.27  25.34+0.42 <0.0001
NAFLD Activity Score (NAS) 3.88+0.11 0.00+0.00 <0.0001
SAF S 1.73+0.093  0.00+0.00 <0.0001
SAF A 2.1740.054  0.00+0.00 <0.0001
SAF F 1.69+0.095  0.00+0.00 <0.0001
Metavir 1.0440.073  0.00+0.00 <0.0001
+NAFLD Fibrosis Score (Formula) 0.029+0.13 -2.08+0.17 <0.0001
$AST to Platelet Ratio Index (Formula) 0.26+0.022 0.19+0.011 0.015
Plasma HSP70 (ng/ml) 282.90+11.74 75.87+36.20 <0.0001
Plasma GRP78 (ng/ml) 631.60+80.89 61.06+11.24 <0.0001

Data are expressed as mean+SE.

*LDL-cholesterol (mg/dl) = Total Cholesterol (mg/dl) — HDL-cholesterol (mg/dl) — Triglycerides
(mg/dl)/5.

+NAFLD fibrosis score = —1.675 + 0.037 — age (years) + 0.094 — BMI (kg/m?) + 1.13 x IFG/diabetes
(yes =1, no=0)+0.99 x AST/ALT ratio — 0.013 x platelet count (x10%1) — 0.66 x albumin (g/dI).
TAST to Platelet Ratio Index =[(AST (UI/L)/upper limit of the normal AST range) X 100]/Platelet

Count (x10%/1).



Table S4. Anthropometric and metabolic data of people before and after Vertical Sleeve
Gastrectomy (VSG) or Low-Fat Diet (LFD).

Age (years)
Weight (kg)
BMI (kg/m?)

Plasma Glucose (mg/dl)
Plasma Insulin (mIU/1)

HOMA-IR

Cholesterol (mg/dl)

HDL (mg/dl)

*LDL (equation)
Triglycerides(mg/dl)

ALT (1U/I)
AST (1U/1)

HbAlc (mmol/mol)
Serum HSP70 (ng/ml)
Serum GRP78 (ng/ml)

Before VSG
(n=10)

49.60+2.47
128.10+6.31
44.58+1.33
107.60+9.48
33.84+8.28
9.91+3.18
186.30+9.26
43.30+4.28
114.30+8.14
144.4+17.12
33.70+8.17
23.30+3.66
34.16+4.87
347.00+£16.66
822.20+81.57

Data are expressed as mean£SE.

After VSG
(n=10)
50.60+2.47
85.23+4.38
29.70+0.90
77.30+2.97
7.22+1.15
1.39+0.22
15.80+8.74
52.20+3.54
90.58+6.36
69.30+8.08
14.40+1.43
17.30+0.99
34.90+0.62
212.60+5.90
423.8+27.15

pValue

NS
<0.0001
<0.0001

0.013
0.008
0.024
0.015
0.0492
0.0137
0.0027
0.031

NS

NS
<0.0001

0.0004

Before LFD
(n=10)
54.80+3.35
117.10+7.13
39.48+2.07
106.0+6.34
23.56+3.51
5.99+0.80
191.70+7.72
41.80+2.19
116.20+6.35
167.80+23.78
39.80+9.19
28.40+4.12
42.89+3.58
298.50+17.86
749.50+99.04

After LFD
(n=10)
55.80+3.35
101.7+7.58
35.2742.28
89.70+4.90
7.02+0.64
1.55+0.15
177.90+13.96
48.00+3.04
99.40+32.77
60.63+20.21
21.20+3.35
20.00+1.76
37.38+2.70
70.7445.57
276.90+41.02

pValue

NS
0.0003
0.0001

NS

<0.0001
<0.0001

NS

NS

NS

NS

NS

NS

NS

<0.0001
0.0036

*LDL-cholesterol (mg/dl) = Total Cholesterol (mg/dl) — HDL-cholesterol (mg/dl) — Triglycerides

(mg/dI)/5.



Table S5. HSP70 and GRP78 kinetics after a mixed meal

A K1 K2 Tm Km EV

(ng/ml-min’1) (I-min1) (I-minL) (ng-min1) (ng/ml) (min)
HSP70 110.80+27.78 0.031+0.009 0.020+0.004 0.068+0.022 47.62+11.40 49.30+16.49
(Healthy Participant)
HSP70 298.40+34.89 0.053x0.006 0.043+0.007  0.094+0.049 14.00£2.45 32.20£7.85
(Participants With Obesity)
GRP78 94.40+10.36 0.036x0.005 0.035+£0.004  0.039+0.002 10.60+0.24 22.80£4.90
(Healthy Participants)
GRP78 370.00+46.58 0.034+0.004 0.04+0.013 0.057+0.089 60.70£4.38 20.40£2.66

(Participants With Obesity)

Data are expressed as mean + SEM.
A (ng/ml-min?) is the maximal inflow rate of the protein; K1 and K2 are the rates (1/min) of inflow
increase and decrease; Tm (ng/min) and Km (ng/mL) are the parameters of the Michaelis-Menten

function.



Table S6. Primer sequences used in qRT-PCR

Gene Primer sequence (5'to 3')
ATGACAACTGCTGGTTGGCT
Phosphoenolpyruvate carboxykinase (Pck)
CCACCACGTAGGGTGAATCC
ACAGGTCCAGGAAGTCCATCT
Glucose 6-phosphatase (G6Pc) GCATGCCACCAATTACTCCAAG
AGTTGTTGACTCTGGGCACC
Glucokinase (Gck) TTCATGTGCCCGTTGTGAGT
CTTCCCCTTGCTCTACCGTG
PYHOVELS [ETEse (L ACCACGGAGCTTTCCACTTTC
TCCAGTCAGGCTTCCTTGTG
Interleukin 18 (IL1p) AGGTCATTCTCCTCACTGTCG
GCCCACCAGGAACGAAAGTC
iz 0 6 (1) TGGCTGGAAGTCTCTTGCGG
CGTCGTAGCAAACCACCAAG
Tumor Necrosis Factor o (TNFo) TGGACCCAGAGCCACAATTC
TTCCTTCGTGACTACTGCTGAG
Alpha-smooth muscle actin (Acta) GAACTGAAGGCGCTGATCCA
GTACATCAGCCCAAACCCCA
Collagen type I al (Collal) TCGCTTCCATACTCGAACTGG
GCTGAACCAAGGAGACGGAA
Transforming growth factor g1 (Tgfbl) CCACGTAGTAGACGATGGGC
ATTGGGGCTTACCTTGTCCG
Acetyl-CoA Carboxylase (Accl) CCACGGTTCGGGTTTCTACA
GAATCCGCACAGGCTACCAA
Fatty acid synthase (Fasn) CTGGGCTTCACCATCACCAT
CCACAACTACCATCACGCCT
Stearoyl-CoA desaturase 1 (Scdl) CAGGAACTCAGAAGCCCAGAA
AGCAGGAGTAGGCCCCATAG
Diglyceride acyltransferase (Dgat) ATTGGGGCTTACCTTGTCCG
AGCAACGCGGCTAGGG

Occludin (Ocln)

GCAGACACATTTTTAACCCACTC

Haptoglobin (Zonl)

ATGCCACAGACATTGAAGATGAC

CTCGGGGTGGAGAACTACCT

B2-microglobulin

GACCGTGATCTTTCTGGTGCT

ACACTTGAATTTGGGGAGTTTTCTG

Primer sequences used for gene expression analysis by qRT-PCR.



Table S7. Quantitative Real-Time PCR

Gene Chow Diet CD+rHSP70 CD+rGRP78 pValue
PEPCK 5.61+1.86 20.78+2.84 21.07+3.07 +=0.041; $=0.014
G6Pc 2.69+0.51 21.51+7.14 20.66+4.22 +=0.033; £=0.018
GCK 33.89+10.19 3.42+0.88 3.451£0.84 +=0.027; 1=0.022
PK 21.46x3.72 3.2610.62 3.42+0.60 +=0.014; 1=0.014
IL1B 1.81+0.17 13.58+1.62 11.60+3.07 +=0.011; £=0.048
IL6 20.94+5.95 410.40£187.3 458.10+139.80 +=0.022; £=0.027
TNFaq 2.461+0.41 11.02+4.76 9.73£3.07 +=0.033; £=0.018
a-SMA 1.35+0.12 5.44+0.82 5.07£0.55 +=0.014; $=0.040
Collal 5.83£1.30 25.60+6.10 19.15+2.48 +=0.014; $=0.040
ACC1 45.93+£14.49 342.70£147.60 402.20+120.10 +=0.040; $=0.014
FASN 2.89+0.65 12.88+2.06 9.72+1.18 +=0.012; $=0.047
DGAT 1.42+0.17 38.39+£19.09 32.06+10.31 1=0.027; $=0.022
SCD1 47.77+28.38 2100+1008 2185+1120 +=0.014; $=0.040
OCLN 0.79£0.02 0.11+0.03 0.15£0.04 +=0.012; $=0.046
ZON1 0.62+0.07 0.12+0.04 0.11+0.03 +=0.017; £=0.033

F= pValue between Chow Diet and CD+rHSP70; {=pValue between Chow Diet and CD+rGRP78

Gene HFD+ Isotype HFD+AbHSP70 HFD+AbGRP78 pValue
PEPCK 24.65+3.19 5.17+1.01 8.77£1.91 +=0.0005; £=0.0005
G6Pc 18.64+6.34 2.54+0.46 2.29+0.50 7=0.032; 1=0.017
GCK 4.54+1.12 27.71+7.38 30.36x7.15 =0.027; 1=0.022
PK 3.88+0.52 15.89+2.59 17.70£2.99 7=0.0062; 1=0.0034
IL1B 10.13£2.30 1.75+0.20 2.89+0.06 =0.040; 1=0.012
1L6 461.4+125.10 13.94+6.48 10.64+3.67 1=0.033; 1=0.018
TNFa 17.2245.61 2.931£0.40 3.331£0.36 =0.022; 1=0.027
o-SMA 5.64+0.52 1.99+0.22 1.53+0.24 1<0.0001; $<0.0001
Collal 37.84+6.04 8.33%£1.65 8.18+1.93 1=0.022; 1=0.027
ACC1 278.70+£97.76 57.74+12.96 65.14+14.92 17=0.014; 1=0.040
FASN 9.45+0.39 3.68+£0.59 4.27+0.93 =0.0002; $=0.0003
DGAT 37.00+£19.47 1.30+0.09 1.20+0.10 17=0.048; 1=0.011
SCD1 1085+292.40 30.80+3.82 15.77+7.66 =0.0023; $=0.0023
OCLN 0.14+0.04 0.85+0.05 0.81+0.06 +=0.022; 1=0.039
ZON1 0.12+0.01 0.53+0.09 0.55%0.10 =0.006; 1=0.039

+= pValue between High Fat Diet and HFD+AbHSP70 ; = pValue between High Fat Diet and HFD+AbGRP78

Gene Sham-Op DJB CD+rHSP70 CD+rGRP78 pValue
PEPCK 49.31+8.05 12.17+£3.51 56.38+12.21 51.81+10.82 7=0.016; 1=0.023; §=0.031
G6Pc 45.77+14.26 3.14+0.69 25.12+4.26 26.99+7.03 +=0.0048; £=0.042; §=0.048
GCK 4.60+1.48 37.20+10.73 5.11+1.40 4.66x1.24 +=0.048;1=0.026§=0.008
PK 3.38+0.93 17.44+4.78 3.27+0.88 3.70+£0.96 +=0.015; £=0.015; §=0.048
IL1B 6.68+1.36 2.04+0.55 6.56+1.26 6.33£1.13 7=0.016 $=0.023; §=0.031
I1L6 254.10+83.88 12.58+5.83 235.50+71.92 234.40+62.42 7=0.026; 1=0.014; §=0.023
TNFa 10.31+£2.70 2.90+0.39 9.83£2.55 8.55+1.36 17=0.016; 1=0.036; §=0.019
a-SMA 22.24+3.06 3.53+0.47 19.50+3.30 16.76+3.58 +=0.0058; £=0.036; §=0.048
Collal 70.06+6.30 32.46+3.46 70.57+£4.75 77.90+8.02 +=0.0048; 1=0.026; §=0.008
ACC1 475.40+197.60 55.35+15.13 281.80+75.79 395.60+142.0 +=0.014; 1=0.042; §=0.019
FASN 13.69+3.26 3.25+0.80 14.72+3.40 10.57+1.10 +=0.023; £=0.012; §=0.042
DGAT 25.77+7.78 1.66+0.21 19.71+5.93 20.33+4.59 +=0.023; 1=0.049; §=0.036
SCD1 4652+2720 49.25+7.65 4450£2710 4360+£1339 17=0.036; 1=0.016; §=0.019
OCLN 0.11+0.007 0.84+0.02 0.15+0.01 0.015+0.009 17=0.0004;1=0.032;§=0.032
ZON1 45.77+14.26 3.14+0.69 25.12+4.26 26.99+7.03 7=0.0005$=0.032;§=0.032

+= pValue between SHAM and DJB ; = pValue between DJB and DIB+rHSP70; §= pValue between DJB and DIB+rGRP78



Data are mean + SEM of n=10 rats per group.

Upper Part: gene expression analysis of rats under Chow Diet and Chow Diet combined with
continuous infusion of recombinant proteins.

Middle Part: gene expression analysis of rats under High Fat Diet and HFD combined with continuous
infusion of blocking antibodies.

Lower Part: gene expression analysis of rats after SHAM, DJB and DJB combined with continuous
infusion of recombinant proteins.

Abbreviations: PEPCK1, Phosphoenolpyruvate carboxykinase 1; G6Pase, Glucose 6-phosphatase;
GCK, Glucokinase; PK, Pyruvate kinase; IL1p, Interleukin 1f3; IL6, Interleukin 6; TNFo, Tumor
Necrosis Factor a; a-SMA, Alpha-smooth muscle actin; Collal, Collagen type I al; ACCI, acetyl-
CoA carboxylase; FASN, Fatty acid synthase; SCD1, Stearoyl-CoA desaturase 1; DGAT,
Diglyceride acyltransferase; OCLN, Occludin; ZON1, Zonulin 1. CD, Chow Diet; HFD, High Fat
Diet; Sham-op, Sham-operation; DJB, Duodenal-Jejunal Bypass. HSP70, Heat Shock Protein 70;

GRP78, Glucose-related Protein 78.



Table S8. Quantitative Real-Time PCR of in vitro experiments

Gene Untreated +rHSP70 TAK242+rHSP70 +rGRP78 TAK242+rGRP78
Rat Primary Hepatocytes Cultures
CD36 2.01+0.25 20.60+6.54 2.20+0.02 18.13+8.00 1.23+0.13
P=0.035 P=0.035
ACC1 3.56+0.72 84.68+25.44 2.58+0.63 46.05+£20.39 2.67+0.74
P=0.036 P=0.036
FASN 2.43+0.46 65.80+11.08 3.87+0.18 49.38+12.98 1.91+0.34
P=0.036 P=0.036
DGAT 1.53+0.13 3.78+0.67 1.54+0.27 3.22+0.39 1.70+0.13
P=0.036 P=0.036
SCD1 75.17£14.82 1230.00+371.8 104.00+3.58 964.60+£294.60 77.67+£12.22
P=0.036 P=0.036
Rat Primary Colon epithelial cell Cultures
IL1B 32.90+£13.48 161.50+49.08 26.00+14.06 131.5+35.20 33.79+17.10
P=0.029 P=0.047
IL6 0.94+0.09 3.24+0.54 1.31+0.12 2.79+0.32 1.51+0.15
P=0.029 P=0.029
TNFa 2.80+0.47 10.55+0.88 3.84+0.19 12.37+1.28 3.96+1.32
P=0.029 P=0.029
OCLN 0.11+0.007 0.84+0.02 0.15+0.01 0.015+0.009 131.5+35.20
P=0.029
ZON1 2.71+0.22 10.09+0.04 2.62+0.19 1.40+0.1 2.67+0.17
P=0.029 P=0.029

Data are mean + SEM of n=5 independent experiments.

Upper Part: gene expression analysis of rat primary hepatocytes cultures incubated with or without
recombinant proteins (15 ng/ml of HSP70 and 3 ng/ml of GRP78) and in the presence or absence of
TAK-242 (200nM)

Lower Part: gene expression analysis of rat primary colon epithelial cell cultures incubated with or
without recombinant proteins (15 ng/ml of HSP70 and 3 ng/ml of GRP78) and in the presence or
absence of TAK-242 (200nM)

Abbreviations: IL1pB, Interleukin 1B; IL6, Interleukin 6; TNFa, Tumor Necrosis Factor o; ACCL,
acetyl-CoA carboxylase; FASN, Fatty acid synthase; SCD1, Stearoyl-CoA desaturase 1; DGAT,
Diglyceride acyltransferase; OCLN, Occludin; ZON1, Zonulin 1; HSP70, Heat Shock Protein 70;

GRP78, Glucose-related Protein 78.



