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Double negative T-cells prevent the development and progression of nonalcoholic steatohepatitis.

NAFLD and its progressive form NASH are among the top causes of cirrhosis and hepatocellular
carcinoma and the leading indications for liver transplantation. However, there are currently no
approved treatments for NASH/NAFLD. In this study, we adoptively transferred ex vivo-generated
double-negative T cells (DNT) to mice with diet-induced NASH. The DNT-treated mice exhibited
significantly less weight gain, improved glucose tolerance and insulin sensitivity, decreased liver
fat accumulation, lobular inflammation and focal liver necrosis. DNT selectively suppressed liver-
infiltrating Th17 cells and proinflammatory M1, not immune regulatory M2, macrophages. IL-10
secreted by M2 macrophages decreased the survival and function of DNT to protect M2
macrophages from DNT-mediated lysis. NKG2A, a cell inhibitory molecule, was upregulated by IL-
10, contributed to increased apoptosis, and dampened the suppressive function of DNT. This study
supports the concept and the feasibility of potentially utilizing this novel autologous immune cell-
based therapy for the treatment of NASH.

The findings of this paper are rather surprising given that DN T cells are generally considered a
pro-inflammatory subset within the T cell compartment both in men and mice (1-4). DN T cells
exhibit greatly elevated metabolic activity, which is characterized by accumulation of oxidative
stress generating mitochondria and activation of the mechanistic target of rapamycin (5). The
expansion of DN T cells has been widely linked to pathogenesis of lupus both in mice and humans
(5-11). Importantly, lupus patients and mice also exhibit oxidative stress-driven inflammation of
the liver which benefits from depletion of DN T cells by using antioxidants, such as acetylcysteine
or rapamycin (12,13). DN T cells signal through the TCR and PD1 which have not been evaluated
or even pictured in the proposed mechanism of action in Figure 7. Likewise, mTOR activation is
critical for DN T cell function and T-cell lineage specification in general, which is also missing from
the authors’ concept. Importantly, rapamycin also blocks diet-induced NALFD (Hepatology. 2014
Nov;60(5):1581-92). Therefore, it would be important to evaluate TCR signaling and use
rapamycin as a positive control for the clinical efficacy of DN T cell therapy in steatohepatitis.

Specific comments:

Figure 1. This figure supports the contention that a single transfer of DN T cells prevented diet-
induced obesity, insulin resistance and NASH development. Apparently, mice that received DNT
therapy had lower plasma IFN-y, TNF-alpha, IL-6, IL-9, IL-17A and IL-17F levels (Figure 1K).
Fibrosis-related genes, such as SMA, Collal and Col3al, were also downregulated in the livers of
HFD-fed mice that underwent DNT transfer (Figure 1L). This figure should evaluate the
functionality of DN T cells and their ability to produce pro-inflammatory cytokines.

Figure 2. T cell subsets, including CD4, CD8, DN, and Treg cells and NK cell subsets and their
intracellular cytokine production profiles should be presented as flow cytometry dot plots including
the gating strategy. It would be important to systematically present cell populations from liver,
spleen, and lymph node of the same mice.

Abstract: The statement “there are currently no approved treatments for NASH/NAFLD"” is too
vague and it should be removed from the abstract. One might consider replacement with effective
treatment. However, this statement rather belongs to the discussion clarifying what “approved”



means. Again, it would be important to use rapamycin as a positive controls which eliminates
proinflammatory T cell development.

Reference List

1. Crispin, J. C., and G. C. Tsokos. 2009. Human TCR-alpha beta+ CD4- CD8- T cells can derive
from CD8+ T cells and display an inflammatory effector phenotype. J. Immunol. 183:4675-4681.
2. Rodriguez-Rodriguez, N., S. A. Apostolidis, L. Fitzgerald, B. S. Meehan, A. J. Corbett, J. M.
Martin-Villa, J. McCluskey, G. C. Tsokos, and J. C. Crispin. 2016. Pro-inflammatory self-reactive T-
cells are found within murine TCR-ab+CD4-CD8-PD-1+ cells. Eur J Immunol 46:1383-1391.

3. Apostolidis, S. A., T. Rauen, C. M. Hedrich, G. C. Tsokos, and J. C. Crisp+in. 2013. Protein
phosphatase 2A enables expression of interleukin 17 (IL-17) through chromatin remodeling. J.
Biol. Chem. 288:26775-26784.

4. Tsokos, G. C. 2011. Systemic Lupus Erythematosus. N. Engl. J. Med. 365:2110-2121.

5. Lai, Z.-W., R. Hanczko, E. Bonilla, T. N. Caza, B. Clair, A. Bartos, G. Miklossy, J. Jimah, E.
Doherty, H. Tily, L. Francis, R. Garcia, M. Dawood, J. Yu, I. Ramos, I. Coman, S. V. Faraone, P. E.
Phillips, and A. Perl. 2012. N-acetylcysteine reduces disease activity by blocking mTOR in T cells of
lupus patients. Arthritis Rheum. 64:2937-2946.

6. Crispin, J. C., M. Oukka, G. Bayliss, R. A. Cohen, C. A. Van Beek, I. E. Stillman, V. C. Kyttaris,
Y. T. Juang, and G. C. Tsokos. 2008. Expanded Double Negative T Cells in Patients with Systemic
Lupus Erythematosus Produce IL-17 and Infiltrate the Kidneys. J. Immunol. 181:8761-8766.

7. Hedrich, C. M., T. Rauen, J. C. Crispin, T. Koga, C. Ioannidis, M. Zajdel, V. C. Kyttaris, and G. C.
Tsokos. 2013. cAMP-responsive Element Modulator alpha (CREM-alpha) trans-Represses the
Transmembrane Glycoprotein CD8 and Contributes to the Generation of CD34+CD4-CD8- T Cells in
Health and Disease. J. Biol. Chem. 288:31880-31887.

8. Koga, T., C. M. Hedrich, M. Mizui, N. Yoshida, K. Otomo, L. A. Lieberman, T. Rauen, J. C.
Crispin, and G. C. Tsokos. 2014. CaMK4-dependent activation of AKT/mTOR and CREM-a underlies
autoimmunity-associated Th17 imbalance. J. Clin. Invest. 124:2234-2245.

9. Apostolidis, S. A., N. Rodriguez-Rodriguez, A. Suarez-Fueyo, N. Dioufa, E. Ozcan, J. C. Crispin,
M. G. Tsokos, and G. C. Tsokos. 2016. Phosphatase PP2A is requisite for the function of regulatory
T cells. Nature Immunology 17:556.

10. Lai, Z.-W., R. Borsuk, A. Shadakshari, J. Yu, M. Dawood, R. Garcia, L. Francis, H. Tily, A.
Bartos, S. V. Faraone, P. E. Phillips, and A. Perl. 2013. mTOR activation triggers IL-4 production
and necrotic death of double-negative T cells in patients with systemic lupus erythematosus. J.
Immunol. 191:2236-2246.

11. Lai, Z., R. Kelly, T. Winans, I. Marchena, A. Shadakshari, J. Yu, M. Dawood, R. Garcia, H. Tily,
L. Francis, S. V. Faraone, P. E. Phillips, and A. Perl. 2018. Sirolimus in patients with clinically active
systemic lupus erythematosus resistant to, or intolerant of, conventional medications: a single-
arm, open-label, phase 1/2 trial. Lancet 391:1186-1196.

12. Liu, Y., J. Yu, Z. Oaks, I. Marchena-Mendez, L. Francis, E. Bonilla, P. Aleksiejuk, J. Patel, K.
Banki, S. K. Landas, and A. Perl. 2015. Liver injury correlates with biomarkers of autoimmunity
and disease activity and represents an organ system involvement in patients with systemic lupus
erythematosus. Clin. Immunol. 160:319-327.

13. Oaks, Z., T. Winans, T. Caza, D. Fernandez, Y. Liu, S. K. Landas, K. Banki, and A. Perl. 2016.
Mitochondrial dysfunction in the liver and antiphospholipid antibody production precede disease
onset and respond to rapamycin in lupus-prone mice. Arthritis Rheumatol. 68:2728-2739.

Reviewer #2:

Remarks to the Author:

The manuscript by Sun et al. addresses the potential of adoptively transferred double-negative T
cells to prevent the development of NASH in a mouse model based on feeding a high-fat diet.
Moreover, they describe a potential mechanism regulating the suppressive activity of these cells,



which seems to be based on interaction between the inhibitory receptor NKG2A and Qa-1.

The study is of potential interest notably in the mechanistic part; however, it is rather weak in its
in vivo part.

Specific comments:

1. The NASH model is problematic. Although I can appreciate the effect of the transferred DN T
cells on steatosis and metabolic parameters, it is hard to see the effect on inflammation. Mainly,
because the degree of inflammation and liver damage in the high-fat diet group not receiving DN T
cells is very mild. The ALT/AST levels are only slightly increased. The HE staining does not show
significant infiltration. In other words: there is almost no hepatitis. Therefore, I find it difficult to
follow the authors’ claim that DN T cells could be used for NASH treatment.

(By the way, the authors should take care that the HE sections that are compared between the
groups are similar with respect to size and distribution of portal fields and central veins; now they
compare sections showing only veins with sections showing mostly portal tracts.)

2. Along the same line: if the authors wish to claim an treatment effect on fibrosis, they should
show it not merely by PCR for some markers, but by more adequate assay, such as Sirius red
staining, hydroxyproline content, aSMA immunostaining or the like.

3. The time-point of CD45.1 analysis after transfer of DN T cells (Fig 1C) is not clear. Actually, one
would like to see several time-points to get an idea of the dynamics of survival and tissue
distribution.

4. The method of DN T cell generation is not described. Mere reference to a previous paper is
insufficient (Ref.16), as there are several alternative methods described. The details of the applied
cytokines, APCs, number and chronology of re-stimulations, and the like are essential, but lacking.

5. On page 9 in the context of Figure 2, the authors conclude ‘that a single transfer of DNT to HFD-
fed mice could reduce hepatic inflammation and NASH development by decreasing hepatic CD4+
T-cell proportion and survival and Th17 cell differentiation’. On the basis of the current data, I
think that this is merely an association. To really sustain their statement, it would require some
kind of inhibition experiment, which is however not provided.

6. The in vitro experiments showing the possible function of IL-10, NKG2A, and Qa-1 are
interesting. However, to really claim a clear functional relevance, it will be necessary to perform
inhibition experiments in vivo, e.g. using inhibitory antibodies to IlI-10 or IL10R, or Qa-1. However,
I am afraid that such experiments will again be limited by the inherent problems of the NASH
model used by the authors.

7. Minor points are related to suboptimal gating strategy for DCs as MHC II/CD11c high (what
about pDCs?), and M1/M2 based merely on CD206 and MHC II.

8. I have some doubt that the use of the t test is really appropriate, as I do not think that it
normally distributed.

Reviewer #3:

Remarks to the Author:

In their present study, the authors aimed to find a potential new therapy for NASH by allograft
transfer of double negative T-cells (DNT) in steatohepatitis mouse models. By transfer of DNT into
mice with NASH generated by different dietary models they found that DNT ameliorates
inflammation and consequently improved NASH and glucose tolerance.

The main target of DNT was a reduction in inflammatory M1 macrophages. Subsequent cell culture



analysis suggest that M2 macrophages are protective by IL-10 secretion via NKG2A/Qalb
signaling.

To address their query the authors used a well-structured approach and study design. Background
information on their main methods was presented and results and evidence were conclusively
constituted. Different NASH-models and cell culture stimulation approaches as well as cohesive
methods like mRNA levels and protein expression were used to underline their findings.

Although the results are convincing, some major and minor points should be addressed to
underline the study outcome.

Major points:

1. Liver histology should be further investigated and quantified. Specifically severity of NASH has
to be evaluated by a blinded and experienced pathologist, e.g. using the international approved
NAS score. Moreover, fibrosis must be measured by Sirius Red staining and lipomatosis should
also be addressed in the HFD-fed mice by Oil Red O staining. All staining should be quantified.
Differences in fibrosis related protein expression should be also affirmed by western blot analysis.
2. The immune phenotype must be confirmed in liver histology by different immune staining
methods. First of all the number of infiltrating leukocytes should be validated and quantified by
CD45 staining (IHC and/or IF). Subpopulations could be addressed by CD3, CD20, CD11b and
F4/80 stainings. Moreover, single-cell RNA sequencing (scRNA-seq) should be included to identify
and differentiate phenotypes of M1 and M2 macrophages since the identification just by FACS
markers can be improved.

3. The same histological immune quantification should be done for VAT. Furthermore, size of
adipocytes has to be quantified to show significant differences.

4. The authors describe in Figure 1C that DNT accumulate in Liver and VAT. In supplemental
Figure 1A VAT is not shown but here draining lymph nodes are stated as major accumulation
points. Can the authors explain this difference between those models? Why are lymph nodes not
shown for HFD-fed mice? How do the authors clarify that it is only draining lymph nodes of the
liver? Can they show data for non-draining lymph nodes and explain how they identified draining
lymph nodes? Do they also have data of VAT in this model?

5. Protein levels are shown by FACS analysis. The most important proteins in this study (e.g. IL-
10, TNFa) should also be measured by western blot analysis to verify different protein levels.

6. In their abstract and discussion, authors state that among lymphocytes specifically TH17 cells
are suppressed by DNT and confirm this in the animal models by FACS and mRNA levels. Can they
explain or discuss the cause of this TH17-specific effect? Can they also contribute cell culture
models to ensure this effect on TH17 cells?

7. The observed effect in vitro should be confirmed by in vivo experiments as well. Are
macrophages and DNT in vivo affected when animals are treated with anti-IL-10 neutralizing mAb?

Minor points:

1. Authors discuss that the accumulation of DNT in liver and VAT could be due to CXCR3-CXCL10
interaction. Authors could measure CXCL10 levels in liver and VAT to address this point. It could
also be interesting to look at possible differences between DNT and not DNT treated animals.

2. Since more than half of the results refer to DNT and macrophage interaction, this topic should
be mentioned in the title, e.g. "Double negative T-cells prevent the development and progression
of nonalcoholic steatohepatitis by supression of M1 macrophages”.

3. The procedure of evaluation of the transcriptome sequencing study (Figure 5A), biological
process (Figure 5B) and KEGG pathway analysis should be described in the methods section at
least briefly.

4. CD-HFD should be explained in the abbreviations sections.

5. Bodyweight development should be shown for MCD- and CD-HFD-fed mice, for the last group
especially before and after DNT transfer.

6. Especially graphs for mRNA analysis could be bigger for a better legibility.

7. Picture size of histological slides should be enlarged for better perceptibility.



8. Regarding supplemental Figure 1F: Authors show Glucose levels after 12 weeks. Does this show
the time point before DNT transfer? Please clarify in the description.

9. Regarding supplemental Figure 1: Please state the number of samples “n” for CD-HFD-fed
illustrations.

10. In several graphs the lines showing significant differences are not of the same strength.
Authors should standardize their illustrations.

11. On page 15 (discussion) the word “of” is missing in the first sentence.

12. IFN-y is spelled as “IFN-r”, e.g. in Figure 2 E and supplemental Figure 1D. Please change this
into correct spelling.

13. In Figure 4C macrophages were co-cultured with DNT and TNFa secretion was examined.
Please describe more precisely, if this is only examined from M1 macrophages. Moreover it would
also be interesting to test for IL-6 and IFN-y secretion.



Reviewer #1 (Remarks to the Author):

The findings of this paper are rather surprising given that DN T cells are generally
considered a pro-inflammatory subset within the T cell compartment both in men and
mice (1-4). DN T cells exhibit greatly elevated metabolic activity, which is characterized
by accumulation of oxidative stress generating mitochondria and activation of the
mechanistic target of rapamycin (5). The expansion of DN T cells has been widely linked
to pathogenesis of lupus both in mice and humans (5-11). Importantly, lupus patients and
mice also exhibit oxidative stress-driven inflammation of the liver which benefits from
depletion of DN T cells by using antioxidants, such as acetylcysteine or rapamycin
(12,13). DN T cells signal through the TCR and PD1 which have not been evaluated or
even pictured in the proposed mechanism of action in Figure 7. Likewise, mTOR
activation is critical for DN T cell function and T-cell lineage specification in general,
which is also missing from the authors’ concept.

Importantly, rapamycin also blocks diet-induced NALFD (Hepatology. 2014
Nov;60(5):1581-92). Therefore, it would be important to evaluate TCR signaling and use
rapamycin as a positive control for the clinical efficacy of DN T cell therapy in

steatohepatitis.

1. DN T cells are generally considered a pro-inflammatory subset within the T cell
compartment both in men and mice
Answer: We thank the reviewer for raising these important questions.
Although DN T cells (DNT) only account for 1%-3% of total T lymphocytes in the

peripheral blood and lymph organs of humans and mice, an increasing number of studies

have proven that this rare T cell population plays critical and diverse roles in the immune

system.
Some studies suggest that DNT (CD3"TCRafp"CD4 CD8NK1.1(mouse)/CD56-

(human)) are essential for maintaining immune system homeostasis with antigen

specificity[1, 2]. DNT highly express perforin, granzyme B and FasL and exhibit strong
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suppressive activity toward CD4" and CD8" T cells [3-6], as well as B cells[7, 8],

dendritic cells[9], and NK cells[10], which are capable of suppressing the immune

response and providing significant protection against allograft rejection, graft-versus-host

disease (GVHD), and autoimmune diseases[3, 5, 11-14].

Indeed, as the reviewer mentioned, some reports do suggest that DNT are involved
in systemic inflammation and tissue damage under autoimmune or inflammatory
conditions. In patients with systemic lupus erythematosus (SLE)[15-17] or primary
Sj@yren's syndrome (pSS)[18, 19], DNT that expands in peripheral blood and inflamed
tissues are the major producers of the proinflammatory cytokine IL-17 and are believed
to be pathogenic in these autoimmune diseases.

Overall, current studies strongly support the notion that DNT comprise a rare but

heterogeneous T lymphocyte subset.

1) To better understand the heterogeneity of DNT, we have already performed single-
cell RNA sequencing of nawe mouse DNT (This work is under review at iScience now).
As shown in Figure 1, nawe DNT include 2 subsets. One nawe DNT cluster highly
expressed I117a, suggesting these DNT are pro-inflammatory. However, single-cell RNA
sequencing did show that the other DNT cluster which have no 1117a expression but
highly expressed Prfl. This observation indicated that nawe DNT include at least two
subsets, a pro-inflammatory subset and a non-inflammatory subset (might be regulatory

DNT). These different DNT clusters may be activated and play proinflammatory or anti-

inflammatory function.

1117a Gzmb
Naive DNT Naive DNT

Prf1
Naive DNT

1.6
[J]
1.2

o X
'S

..

N
o
o

Figure 1. UMAP plots showing proinflammation and anti-inflammation gene expression

in nawe DNT clusters.
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2)  The DNT we used in this study are converted from CD4* T cells and are defined as

one type of regulatory T cells. These DNT do not express IL-2, IL-4 and IL-17 [3, 20],

are not like IL-17 producing CD8 derived pro-inflammatory DNT.

In order to better understand the roles of these CD4 derived DNT, we firstly detected
the activated CD4" T cells and DNT cytokines secretion and immunosuppressive
molecule expression in vitro. As shown in Figure 2A-C, compared with activated CD4*
T cells, the converted DNT had extremely low or no secretion of IL-2, IL-4, IL-6, IL-10,
IL-13, IL-17A, IL-21 and TGF-B, except for IFN-y. However, compared with CD4* T
cells, the converted DNT highly expressed Granzyme B, the key molecular of regulatory
DNT.

As the reviewer suggested, we also transferred converted DNT into MCD-fed mice.
Four weeks later, we detected the ability of DNT to produce cytokines in vivo. As shown
in Figure 2D, these DNT also had extremely low or no secretion of IL-2, IL-4, IL-6, IL-
10 and IL-17, including IFN-y in vivo, but highly expressed Granzyme B. These
observations indicated that the DNT are regulatory immune cells and are not
proinflammatory cells. These results were also shown in the revised manuscript (Figure
S6A-D).

To better distinguish the DNT we used in this study with proinflammatory DNT, we
have added a section in the methods to describe the detail of the generation of converted
DNT.

“Conversion of DNT in vitro

The conversion of CD4* T cells to DNT was described previously. Briefly, CD4*CD25

T cells were isolated from CD45.1 positive C57BL/6 mice spleens and lymph nodes.

Then, the purified CD4*CD25 T cells were co-cultured with C57BL/6 mature DCs and

rmIL-2 (50 na/ml) for 7 days. Converted DNT were sorted from culture through a

fluorescence-activated cell sorter (FACS Aria II, BD Biosciences).”

We also change the introduction in our revised manuscript as below to make it clear.

3/ 54



“Double negative T cells (DNT), which are characterized as TCRa3*CD3*CD4 CD§

NK1.1" in mice and TCRaB CD3*CD4 CD8 CD56" in humans, comprise only 1-5% of

peripheral T lymphocytes in mice and humans[21, 22]. An increasing number of studies

have proven that this rare T cell population plays critical and diverse roles in the

immune system. Some reports showed that DNT were involved in systemic

inflammation and tissue damage under autoimmune or inflammatory conditions[18, 23-

25]. However, studies also suggest that DNT are essential for maintaining immune

system homeostasis with antigen specificity[26, 27]. Young NOD mice that display a

high proportion of splenic DNT are potentially resistant to diabetes[28]. Graft-versus-

host disease (GVHD) does not develop in individuals with greater than 1% DNT[29].

We have identified a differentiation pathway from CD4" T cells to DNT in vitro and in

vivo[3, 20]. Ex vivo-generated CD4" T cell-converted DNT could prevent or reverse

the onset of type 1 diabetes, allergic asthma, and induce allograft tolerance[3, 30-32].”

4 /54



A .

I ]
. 0.24 ., 00 . 0.0 . 0.0 |.] 0.0 .

1 i :

Isotype - ¢! - 1
gt IRl 5 S s b A S
Mgy T T : T A

e o e e S T T T
IL-4-PE IL-6-PE IL-10-PE IL-13-PE IL-17-PE IL-21-PE TGFp-PE
B C | . 1907 CcD4
25+ . CD4 sotype | :
%% = DNT T 804 * DNT
— o
= s *%
@ 3 601 y
E : gl
o . 2 401
> ‘ -]
£ : 8
3 , o 20 .
o "
g 0-
1 Q 6\'
1 0’& QV’
“GZMB-PE  FASL-PE
D . q ; ) L
1 | q ] 3
o0 © 00 0.0 ©00 0.0 K 00 . 136 50
1 “1 o “ o o
o ; : i : | =
Isotype .| ﬁ"j “ 9\:| s ] o l:l 1 el:l "1 ] g 540
¥ A B . :
] ] ! . . +
. '
v 5 = —— o w v T I <
] # 3 w1 <
j 142 02 0.67 |, 561 5
i L SRS i (RN Vg
4 r ! =
S . I ] o AN |, NN b, SRS A 9 > 5 0 A @
T W T W Ty W T T Co e R AR AR A A A
IFN-1-PE IL-2-PE iL-6-PE  IL-10-PE IL-17-PE GZMB-PE & ¥ Y VYV

Figure 2. The cytokines secretion and immunoregulatory molecules expression profile of

CD4 derived DNT in vitro and in vivo.

2. mTOR activation is critical for DN T cell function and T-cell lineage specification in
general, which is also missing from the authors’ concept.

Answer:  We thank the reviewer for pointing this out. Several studies reported that

MTOR activation is critical for DNT function, especially for the IL-4 production and

necrotic death in systemic lupus erythematosus[33]. In order to determine the roles of

MTOR signal pathway in IL-10 stimulated DNT, we also examined pi-mTOR expression

of DNT with or without IL-10 stimulation in vitro. As shown in Figure 3A, IL-10

stimulation did not increase pi-mTOR expression, which indicated mTOR signal pathway
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might not important for DNT during IL-10 stimulation. Meanwhile, we also found IL-10
stimulation did not affect DNT cytokines secretion. But rapamycin, the inhibitor of

MTOR signal pathway, could suppress IFN-y secretion in DNT (Figure 3B).

3. DN T cells signal through the TCR and PD1 which have not been evaluated or even
pictured in the proposed mechanism of action in Figure 7.
Answer: Several studies reported that, within DNT, the PD-1* subset generates the
majority of pro-inflammatory cytokines[34]. Therefore, we also detected PD-1
expression with or without IL-10 stimulation. As shown in Figure 3C-D, IL-10
stimulation could markedly increase PD-1 expression. Then we also used PD-L1/Fc to
activate PD-L1/PD-1 signaling and found PD-L1/Fc did not affect the cytokine secretion
of DNT (Figure 3E). These observations indicated PD-L1/PD-1 signaling might not play

important roles in CD4 converted DNT cytokines production.
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Figure 3. The cytokines secretion of converted DNT after mTOR or PD-1 signal

activation.
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4. Importantly, rapamycin also blocks diet-induced NALFD (Hepatology. 2014
Nov;60(5):1581-92). Therefore, it would be important to evaluate TCR signaling and
use rapamycin as a positive control for the clinical efficacy of DN T cell therapy in
steatohepatitis.

Answer: We thank the reviewer for the insightful comments. As the reviewer
suggested, we also served rapamycin as a positive control in this study. In the MCD-
fed NASH model, we transferred 5 x10° CD45.1-positive DNT (purity > 97%) into the
C57BL/6 mice, and then fed the MCD for 4 weeks. Meanwhile, we also treated the
MCD-fed mice with rapamycin (0.5mg/kg/day, intraperitoneally) as a positive control
for 4 weeks.

As shown in Figure 4, rapamycin could restrict fat accumulation, lobular
inflammation, and focal necrosis (Figure 4A and 4B in this response letter). Compared
with control mice, MCD-fed mice with rapamycin treatment showed significantly
decreased plasma ALT, AST and TG levels (Figure 4C in this response letter). These
observations were similar with that in MCD-fed mice with DNT transferred. These
results were also shown in the revised manuscript (Figure S2A-2C).

Meanwhile, rapamycin treatment could also suppress liver-infiltrating monocyte-
derived macrophages. While rapamycin could not only downregulate M1 and Ly6C"
macrophages proportions, but also inhibit M2 macrophages proportions (Figure 4D and
4E in this response letter).

The rapamycin remarkably decreased macrophage TNF-a secretion, and CD4" T
cells IL-17 production in MCD-fed mice, which was similar with DNT treatment.
However, rapamycin treatment could also significantly inhibit T cells IFN-y, IL-13
secretion, and macrophages IL-6, IL-10 production, which were not observed in DNT

transferred mice (Figure 4F-1 in this response letter).
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Figure 4. Compared with DNT transferred, rapamycin treatment could also delay

NASH development in MCD-fed mice.
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Specific comments:

Figure 1. This figure supports the contention that a single transfer of DN T cells
prevented diet-induced obesity, insulin resistance and NASH development. Apparently,
mice that received DNT therapy had lower plasma IFN-y, TNF-alpha, IL-6, IL-9, IL-
17A and IL-17F levels (Figure 1K). Fibrosis-related genes, such as SMA, Collal and
Col3al, were also downregulated in the livers of HFD-fed mice that underwent DNT
transfer (Figure 1L). This figure should evaluate the functionality of DN T cells and
their ability to produce pro-inflammatory cytokines.
Answer: We thank the reviewer for the insightful comments. As the reviewer suggested,
we have detected the cytokine secretion and immune regulatory molecules expression
of DNT in vivo and in vitro.

As shown in Figure 2A-C in response letter, compared with activated CD4" T cells,
the converted DNT had extremely low or no secretion of IL-2, IL-4, IL-6, IL-10, IL-13,
IL-17, IL-21 and TGF-B, except for IFN-y. However, compared with CD4" T cells, the
converted DNT highly expressed Granzyme B, the key molecular of regulatory DNT.
Furthermore, we also detected the ability of DNT to produce cytokines in vivo. As shown
in Figure 2D, these DNT also had extremely low or no secretion of I1L-2, IL-4, IL-6, IL-
10 and IL-17, including IFN-y in vivo, but highly expressed Granzyme B. These
observations indicated that these converted DNT are regulatory immune cells and are not
proinflammatory cells. These results were also shown in the revised manuscript (Figure

S6A-D).

Figure 2. T cell subsets, including CD4, CD8, DN, and Treg cells and NK cell subsets
and their intracellular cytokine production profiles should be presented as flow
cytometry dot plots including the gating strategy. It would be important to

systematically present cell populations from liver, spleen, and lymph node of the same
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mice.

Answer: We appreciate the reviewer’s suggestion.

1) As the reviewer suggested, we presented the intracellular cytokine production
profiles in different cell subsets as flow cytometry dot plots, and added the gating
strategy in Figure S4 in revised manuscript. Meanwhile, we also detected the IFN-y
secretion in different cell subsets, such as CD4*, CD8", DNT, NK and NKT. As shown
in Figure 5 in this response letter, the production of IFN-y in CD4", CD8", NK cells
and IL-17 in CD4" cells were more abundant in HFD-fed mice, while the mice that
received DNT exhibited a marked decrease in the percentage of IL-17-producing CD4

T cells. These results were also shown in the revised manuscript (Figure 2E-F).
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Figure 5. The cytokines secretion in T cells, NK cells and NKT cells.

2) Then we also presented cell population from liver, adipose, spleen, blood and
draining lymph node. As shown in Figure 6 in this response letter, the proportions
of CD4" and CD8" T cells markedly increased in liver tissues, adipose tissues,
spleen and draining lymph nodes of HFD-fed mice. The transferring of DNT
significantly reduced the proportion of CD4" T cells, but not CD8", NK and NKT
cells, in liver tissues, spleen, and draining lymph nodes. Similar results were also
found in adipose tissue, DNT transfer significantly decreased CD4* and CD8" T

cell proportions. Meanwhile, we also found HFD-fed mice had an increased

12 / 54



proportion of macrophages in liver tissues, adipose tissues and draining lymph
nodes, and DNT markedly inhibited macrophage liver and adipose tissue
infiltration. However, there were no significant differences in the proportions of
neutrophils in liver tissues, adipose tissues, spleen, blood and lymph nodes with or
without DNT transfer (Figure2A, 2B, 2H, Figure 3A, 3l and Figure S7A-7C in

revised manuscript).
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Abstract: The statement “there are currently no approved treatments for NASH/NAFLD”
IS too vague and it should be removed from the abstract. One might consider
replacement with effective treatment. However, this statement rather belongs to the
discussion clarifying what “approved” means. Again, it would be important to use
rapamycin as a positive control which eliminates proinflammatory T cell development.
Answer: We thank the reviewer for his suggestion, and we have removed this sentence
from the abstract. Then, we also served rapamycin as a positive control in my study,

and these results were showed in Figure 4 in this response letter.
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Reviewer #2 (Remarks to the Author):

The manuscript by Sun et al. addresses the potential of adoptively transferred double-
negative T cells to prevent the development of NASH in a mouse model based on
feeding a high-fat diet. Moreover, they describe a potential mechanism regulating the
suppressive activity of these cells, which seems to be based on interaction between the

inhibitory receptor NKG2A and Qa-1.

The study is of potential interest notably in the mechanistic part; however, it is rather

weak in its in vivo part.

Specific comments:
1. The NASH model is problematic. Although | can appreciate the effect of the
transferred DN T cells on steatosis and metabolic parameters, it is hard to see the effect
on inflammation. Mainly, because the degree of inflammation and liver damage in the
high-fat diet group not receiving DN T cells is very mild. The ALT/AST levels are only
slightly increased. The HE staining does not show significant infiltration. In other
words: there is almost no hepatitis. Therefore, I find it difficult to follow the authors’
claim that DN T cells could be used for NASH treatment.
(By the way, the authors should take care that the HE sections that are compared
between the groups are similar with respect to size and distribution of portal fields and
central veins; now they compare sections showing only veins with sections showing
mostly portal tracts.)
Answer: We thank the reviewer for his suggestion.

The reviewer thought that the degree of inflammation and liver damage in the
high-fat diet group is very mild. We do agree with the reviewer, that was why we used

3 different diet induced NASH models in our study.
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There are several dietary models of nonalcoholic fatty liver disease, the choice of
models is somehow difficult for NASH studies[35]. (O MCD diets produce the most
severe phenotype in the shortest timeframe, have been broadly used over 40 years, and
could induce hepatic steatosis in mice by 2-4 weeks and this progresses to inflammation
and fibrosis shortly thereafter. However, unlike human or high-fat diet (HFD)-induced
rodent models of NAFLD, rodents fed MCD diets lose weight and do not become
insulin resistant. @ HFDs are well-known to increase body weight and induce insulin

resistance in mice. However, HFDs can also induce mild liver steatosis and

steatohepatitis, although at lower levels compared with MCD. (3) Another less applied

model is CD-HFD induced NASH model. CD-HFD is reported to exacerbate liver
steatosis and steatohepatitis without weight loss in mice, CD-HFD would also
attenuates insulin resistance which is similar to MCD but is not seen in human NAFLD
or HFD induced NAFLD[36]. Based on these reasons, we used above 3 different NASH
models to evaluate the protection of DNT. In HFD, MCD and CD-HFD models, DNT

clearly suppressed liver inflammation and damage.

As the reviewer suggested, we re-select field of histological slides and take
pictures with 100><magnification to contain portal fields and central veins in each view.
As shown in Figure 7, 8 and 9 in this response letter, we could see liver inflammation
and liver damage in HFD, MCD and CD-HFD-fed mice.

Meanwhile, we also blindly evaluated the severity of NASH by 3 experienced
pathologists using the NAS score. In HFD, MCD and CD-HFD-fed mice, transferred
with DNT significantly decreased NAS score (HFD mice, 5.67 +0.2108 vs 2.00 %
0.2582, p < 0.0001; MCD mice, 6.67 +0.2117 vs 4.00 £0.3651, p < 0.0001; CD-HFD
mice, 6.75 +£0.2500 vs 4.25 +0.2500, p < 0.0001). Most studies have used threshold
values of the NAS, specifically NAS > 5, as a surrogate for the histologic diagnosis of
NASH. Therefore, we believe the induction of NASH in this study was successful.

Meanwhile, we also quantified the positive area of Oli Red O staining, and observed
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the transferred of DNT could decrease liver fat accumulation in NASH model. These

results were also shown in the revised manuscript (Figure 1J-1K, Figure S1C and S3C).
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Figure 7. Liver histology in HFD-fed mice with or without DNT transfer.
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Figure 9. Liver histology in CD-HFD-fed mice with or without DNT transfer.

2. Along the same line: if the authors wish to claim an treatment effect on fibrosis, they
should show it not merely by PCR for some markers, but by more adequate assay, such
as Sirius red staining, hydroxyproline content, aSMA immunostaining or the like.
Answer: We thank the reviewer for the insightful comments.

As the reviewer suggested, we determined the DNT on fibrosis through Sirius red
staining, a-SMA staining and hydroxyproline content detection. As shown in Figure 7-
9 in this response letter, DNT transfer significantly decreased the staining of Sirius red
and a-SMA in HFD, MCD and CD-HFD-fed mice. Meanwhile, we also determined o.-
SMA expression in protein levels through western blotting, and similar results were

found after DNT transfer in MCD-fed mice (Figure 10A-B in this response letter).
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These results were also shown in the revised manuscript (Figure 1J, 1K, Figure S1C,

S1D and Figure S3C).

Hydroxyproline is a major component of fibrillar collagen. As the reviewer’s

suggestion, we also determined hydroxyproline content in NASH liver tissues. As

shown in Figure 10C, hepatic hydroxyproline content increased in HFD, MCD and CD-

HFD-fed mice, and DNT transferred downregulated the levels in these mice. These

results were also shown in the revised manuscript (Figure 1L, Figure S1F and Figure

S3E).
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Figure 10. The examination of a-SMA and hydroxyproline levels in liver tissues with

or without DNT transfer.
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3. The time-point of CD45.1 analysis after transfer of DN T cells (Fig 1C) is not clear.
Actually, one would like to see several time-points to get an idea of the dynamics of
survival and tissue distribution.

Answer: We thank the reviewer for the insightful comments. In order to confirm the
transferred DNT dynamics of survival and tissue distribution in vivo, we transferred
CD45.1" DNT into MCD-fed mice for 4 weeks. As shown in Figure 11 in this response
letter, we detected CD45.1" DNT in blood, spleen, liver tissues and different lymph
nodes every week. We found CD45.1* DNT mainly accumulated in liver tissues and
draining lymph nodes. These results were also shown in the revised manuscript (Figure
S5A-B).

As the reviewer suggested, we also detected the apoptosis and proliferation with
Annexin V and Ki67 staining of transferred DNT in liver tissues. We mainly detected
the DNT survival at 3 and 4 weeks, because the proportions of CD45.1* DNT in the
liver at 1 and 2 weeks after adoptive transfer were too low to analysis. As shown in
Figure 12A and 12B in this response letter, the percentage of Annexin V¥ DNT were
less than 15%, and proportion of Ki67* DNT were more than 40% at 3 weeks and 4
weeks after DNT adoptive transfer, which indicated that the transferred DNT were with
low apoptosis and high proliferation in liver tissues. Meanwhile, these DNT has also
maintained a CD4 CD8", suggesting these cells were stable in vivo (Figure 12C). These

results were also shown in the revised manuscript (Figure S6E-G).
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Figure 12. The survival and CD4, CD8 expression of transferred DNT in vivo.

4. The method of DN T cell generation is not described. Mere reference to a previous
paper is insufficient (Ref.16), as there are several alternative methods described. The
details of the applied cytokines, APCs, number and chronology of re-stimulations, and
the like are essential, but lacking.

Answer: We thank the reviewer for the kind suggestion. As the reviewer suggested, we
have added a section in the methods to describe the detail of generating of DNT.

“Conversion of DNT in vitro

The conversion of CD4* T cells to DNT was described previously. Briefly, CD4*CD25

T cells were isolated from CD45.1 positive C57BL/6 mice spleens and lymph nodes.

Then, the purified CD4*CD25 T cells were co-cultured with C57BL/6 mature DCs and

rmIL-2 (50 ng/ml) for 7 days. Converted DNT were sorted from culture through a

fluorescence-activated cell sorter (FACS Aria Il, BD Biosciences).”

5. On page 9 in the context of Figure 2, the authors conclude ‘that a single transfer of
DNT to HFD-fed mice could reduce hepatic inflammation and NASH development by
decreasing hepatic CD4+ T-cell proportion and survival and Th17 cell differentiation’.

On the basis of the current data, | think that this is merely an association. To really sustain
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their statement, it would require some kind of inhibition experiment, which is however
not provided.
Answer: We thank the reviewer for the insightful comments. We cocultured DNT and
Th17 cells and performed an inhibition experiment in vitro.

Nawe CD45.1 positive CD4* T cells (3 x10°/well) were isolated from mice spleens,
and stimulated with anti-CD3 (2 pg/ml), anti-CD28 (1 pg/ml), IL-6 (2 ng/ml), TGF-B (1
ng/ml), anti-IL-4 (2 pg/ml) and anti-1IFN-y (5 ug/ml) in 96-well flat-bottom culture plates
for 3 days for Th17 cells differentiation. After 3 days culture, 0.75 x 10°/well and 3x
10°/well converted CD45.2* DNT were added into the culture for 24 hours. Then Annexin
V staining and 1L-17 intracellular staining were performed to detect the apoptosis and
Th17 differentiation of CD45.1* CD4" cells. As shown in Figure 13, the converted DNT
not only increased the apoptosis of CD4" T cells, including Th17 cells, but also
suppressed the 1L-17 secretion of CD4* T cells. These results were also shown in the

revised manuscript (Figure S7TF-G).
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Figure 13. The converted DNT suppressed Th17 cells survival and differentiation.

6. The in vitro experiments showing the possible function of 1L-10, NKG2A, and Qa-1
are interesting. However, to really claim a clear functional relevance, it will be necessary
to perform inhibition experiments in vivo, e.g. using inhibitory antibodies to 11-10 or
IL10R, or Qa-1. However, | am afraid that such experiments will again be limited by the
inherent problems of the NASH model used by the authors.
Answer: We thank the reviewer for raising this important question. As the reviewer
suggested, we performed the assay in MCD induced NASH model in vivo. For our
treatment model, we treated the MCD-fed mice by intraperitoneal injection with 0.3 mg
of anti-1L-10 Ab (JES5-2A5; BioXCell) every other day after DNT transfer for 4 weeks.
And we detected the liver tissues inflammation and lymphocytes proportion at 4 weeks.
As shown in Figure 14A-C in this response letter, a single transfer of DNT could
inhibit NASH development in MCD-fed mice. As expected, mice treated with IL-10
neutralizing antibody together with DNT showed increased plasma ALT levels, liver fat
accumulation, inflammation and NASH development. Meanwhile, we also detected the
proportion of M1, M2 macrophages after anti-IL-10 neutralizing antibody treatment.
Compared with DNT treatment alone, combination DNT with anti-IL-10 neutralizing
antibody could downregulate liver macrophages proportions, especially M2 macrophages
after 4 weeks MCD feeding (Figure 14D-F). Then we also found transferred DNT with
anti-1L-10 neutralizing antibody could increase M2 macrophages apoptosis and
downregulate these cells proliferation at 4 weeks (Figure 14G-H). IL-10 neutralizing
antibody injection could inhibit Bcl-2 and Bcl-xI expression in M2 macrophages at 4
weeks (Figure 141-J). Furthermore, we also observed that IL-10 neutralizing antibody
could downregulate NKG2A but not NKG2D expression in DNT at 4 weeks (Figure 14K).
These data demonstrated that anti-1L-10 neutralizing antibody increased DNT
cytotoxicity toward M2 macrophages through inhibiting DNT NKG2A expression in vivo.

These results were also shown in the revised manuscript (Figure 7).
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Figure 14. Anti-IL-10 neutralizing antibody administration increased DNT cytotoxicity

to M2 macrophages in vivo.
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7. Minor points are related to suboptimal gating strategy for DCs as MHC 11/CD11c high
(what about pDCs?), and M1/M2 based merely on CD206 and MHC I1.
Answer: We thank the reviewer for this suggestion. In this study, we defined hepatic M 1-
like macrophages as CD45'Ly6G CD11b"e"F4/80"CD11C"CD206° and M2-like
macrophages by CD45"Ly6G CD11b"&"F4/80™CD11C"CD206" respectively as previous
reports [37-39], and found transferred DNT could downregulate M1 cells proportion, but
not M2 cells (Figure 3B-3D in revised manuscript). As the reviewer suggested, we also
defined hepatic M1 macrophage and M2 macrophages by CD45Ly6G
CD11b"e"F4/80"MHC 1I'CD206™ and CD45 Ly6G CD11b"€"F4/80""MHC 1I"CD206"
respectively, similar results were also found in Figure 15A-B in this response letter. These
results were also shown in the revised manuscript (Figure 3B and 3E).

Meanwhile, we also defined pDCs by CD45"CD3"CD19'B220"BST-2"CD11C™ as
previous studies [40-42] and found transferred DNT had no effects on these cell (Figure

15C-D in this response letter). These results were also shown in the revised manuscript

(Figure S9A).
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Figure 15. The proportions of M1/M2 macrophages and pDCs in NASH models with or

without DNT transferred.
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8. I have some doubt that the use of the t test is really appropriate, as | do not think that it

normally distributed.

Answer: We thank the reviewer for the insightful comments. As the reviewer suggested,
we have provided statistical analysis which performed in our study in detail. Values are
expressed as the mean zstandard deviation (SD). In this study, the normal distribution of
variables was tested with the Shapiro-Wilk test. Differences between groups were
compared by t test for normal variables and Mann-Whitney test for nonnormal variables.

P values <0.05 were considered significant.
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Reviewer #3 (Remarks to the Author):

In their present study, the authors aimed to find a potential new therapy for NASH by
allograft transfer of double negative T-cells (DNT) in steatohepatitis mouse models. By
transfer of DNT into mice with NASH generated by different dietary models they found
that DNT ameliorates inflammation and consequently improved NASH and glucose
tolerance.

The main target of DNT was a reduction in inflammatory M1 macrophages. Subsequent
cell culture analysis suggest that M2 macrophages are protective by IL-10 secretion via
NKG2A/Qalb signaling.

To address their query the authors used a well-structured approach and study design.
Background information on their main methods was presented and results and evidence
were conclusively constituted. Different NASH-models and cell culture stimulation
approaches as well as cohesive methods like mRNA levels and protein expression were
used to underline their findings.

Although the results are convincing, some major and minor points should be addressed

to underline the study outcome.

Major points:
1. Liver histology should be further investigated and quantified. Specifically severity
of NASH has to be evaluated by a blinded and experienced pathologist, e.g. using the
international approved NAS score. Moreover, fibrosis must be measured by Sirius Red
staining and lipomatosis should also be addressed in the HFD-fed mice by Oil Red O
staining. All staining should be quantified. Differences in fibrosis related protein
expression should be also affirmed by western blot analysis.
Answer: We thank the reviewer for the insightful suggestion.

As the reviewer’s suggestion, we blindly evaluated the severity of NASH by 3
experienced pathologists using NAS score. As shown in Figure 7, 8 and 9, in HFD,

MCD and CD-HFD-fed mice, transferring with DNT significantly decreased NAS
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score (HFD mice, 5.67 £0.2108 vs 2.00 £0.2582, p < 0.0001; MCD mice, 6.67 £
0.2117 vs 4.00 £0.3651, p < 0.0001; CD-HFD mice, 6.75 %0.2500 vs 4.25 £0.2500,
p <0.0001). Meanwhile, we also quantified the positive area of Oli Red O staining, and
observed the transferred of DNT could decrease liver fat accumulation in NASH model.

Furthermore, we also determined the DNT treatment on fibrosis through Sirius red
staining, a-SMA staining and hydroxyproline content detection. As shown in Figure 7-
9, DNT significantly decreased the positive area of Sirius red and a-SMA staining in
HFD, MCD and CD-HFD-fed mice. We also determined a.-SMA expression in protein
levels through western blotting, and similar results were found after DNT transfer in
MCD-fed mice (Figure 10A-10B in this response letter).

Hydroxyproline is a major component of fibrillar collagen. As the reviewer
suggested, we determined hydroxyproline content in NASH livers tissues. As shown in
Figure 10C, hepatic hydroxyproline content increased in HFD, MCD and CD-HFD-fed
mice, and DNT downregulated the levels in these mice. These results were also shown

in the revised manuscript (Figure 1J-1M, Figure S1C-1F and Figure S3C-3E).
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Figure 10. The examination of a-SMA and hydroxyproline levels in liver tissues with

or without DNT transferred.

2. The immune phenotype must be confirmed in liver histology by different immune

staining methods. First of all the number of infiltrating leukocytes should be validated

and quantified by CDA45 staining (IHC and/or IF). Subpopulations could be addressed

by CD3, CD20, CD11b and F4/80 stainings. Moreover, single-cell RNA sequencing

(scRNA-seq) should be included to identify and differentiate phenotypes of M1 and

M2 macrophages since the identification just by FACS markers can be improved.

Answer: We thank the reviewer for the kind suggestion.

As the reviewer’s suggestion, we stained CD45, CD3, CD20 and CD11b in liver tissues

of HFD-fed mice, and stained F4/80 in HFD, MCD and CD-HFD-fed mice. As shown

in Figure 16 in this response letter, HFD-fed mice had more CD45, CD3, CD11b and

F4/80-positive cells, and the transferring of DNT could downregulate these cell number,
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except CD20-positive cells. F4/80 staining in liver tissues of MCD and CD-HFD-fed
mice were also showed similar results. F4/80 positive cells increased heavily in MCD
and CD-HFD-fed mice, and DNT cells transferred downregulated F4/80 positive cells
numbers significantly. These results were also shown in the revised manuscript (Figure
S7D-7E and S8A).

Although the identification of M1 and M2 macrophages just by FACS markers
can be improved, most of the current studies are still using FACS to identify M1 and
M2 macrophages [37-39, 43]. However, we totally agree with the reviewer’s opinion,
the single-cell RNA sequencing (scRNA-seq) would be helpful to identify and
differentiate phenotypes of M1 and M2 macrophages, we will perform scRNA-seq in

the future.
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3. The same histological immune quantification should be done for VAT. Furthermore,
size of adipocytes has to be quantified to show significant differences.

Answer: We thank the reviewer’s suggestion. We have quantified adipocytes diameter
and the numbers of infiltration immune cells in adipose tissues. As shown in Figure 17,
transferring of DNT could decrease adipocytes size and lymphocyte adipose infiltration.
HFD-fed mice had more CD45, CD3, CD20, CD11b and F4/80-positive cells, and DNT
decrease these cells. These results were also shown in the revised manuscript (Figure

1J, 1K, and Figure S8B).
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Figure 17. Transferred DNT decreased adipose tissues inflammation.

4. The authors describe in Figure 1C that DNT accumulate in Liver and VAT. In
supplemental Figure 1A VAT is not shown but here draining lymph nodes are stated as
major accumulation points. Can the authors explain this difference between those
models? Why are lymph nodes not shown for HFD-fed mice? How do the authors
clarify that it is only draining lymph nodes of the liver? Can they show data for non-

draining lymph nodes and explain how they identified draining lymph nodes? Do they
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also have data of VAT in this model?

Answer: We thank the reviewer for raising this important question.

It's our negligence and we added the data of DNT proportions in draining lymph nodes

in HFD-fed mice. As shown in Figure 18, compared to liver tissues and VAT, these

transferred DNT were also mainly accumulated in draining LN of recipient mice. Many

studies reported that the draining LNs, which near the portal vein, is close proximity to

the liver, and play important roles in liver immunoregulatory[44-47]. These results were

also shown in the revised manuscript (Figure 1C).
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Figure 18. The tissue distribution of transferred CD45.1" DNT in HFD-fed mice.

Meanwhile, we also transferred CD45.1* DNT into MCD-fed mice for 4 weeks.

As shown in Figure 11 in this response letter, we detected CD45.1" DNT in blood,

spleen, liver tissues, adipose tissues and different lymph nodes every week. We also

found CD45.1" DNT mainly accumulated in liver tissues and draining lymph nodes,

but not in other non-draining lymph nodes.

No CD45.1* DNT accumulated in adipose tissues was observed in MCD-fed mice,

which was different with the DNT highly accumulation in adipose tissues of HFD-fed

mice. That may because adipose tissues and insulin resistance play important roles
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during HFD induced NASH development, while the mice fed MCD diets lose weight
and do not become insulin resistant. These results were also shown in the revised

manuscript (Figure S5A-B).

(D MCD diets produce the most severe phenotype in the shortest timeframe, have
been broadly used over 40 years, and could induce hepatic steatosis in mice by 2-4
weeks and this progresses to inflammation and fibrosis shortly thereafter. However,
unlike human or high-fat diet (HFD)-induced rodent models of NAFLD, rodents fed
MCD diets lose weight and do not become insulin resistant. 2 HFDs are well-known
to increase body weight and induce insulin resistance in mice. However, HFDs can also
induce mild liver steatosis and steatohepatitis, although at lower levels compared with
MCD. Based on these reasons, we used above 2 different NASH models to evaluate the

accumulation of DNT in NASH mice.
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5. Protein levels are shown by FACS analysis. The most important proteins in this study
(e.g. IL-10, TNFa) should also be measured by western blot analysis to verify different
protein levels.

Answer: We thank the reviewer for this kind suggestion. We have measured TNF-a,
IL-10 expression in liver tissues by western blot. As shown in Figure 19 in this response
letter, TNF-a expression increased in liver tissues of MCD-fed mice, and DNT
downregulated TNF-o protein level. 1L-10 expression decreased in MCD-fed mice,
while DNT did not influence IL-10 protein level. These results were also shown in the

revised manuscript (Figure S1D).
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Figure 19. The protein levels of TNF-a and IL-10 in MCD-fed mice with or without

DNT transfer.
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6. In their abstract and discussion, authors state that among lymphocytes specifically
THZ17 cells are suppressed by DNT and confirm this in the animal models by FACS and
MRNA levels. Can they explain or discuss the cause of this TH17-specific effect? Can

they also contribute cell culture models to ensure this effect on TH17 cells?

Answer: We thank the reviewer for the insightful comments.

We cocultured DNT and Th17 cells and performed an inhibition experiment in vitro.
Nawe CD45.1 positive CD4* T cells (3 x10%/well) were isolated from mice spleens, and
stimulated with anti-CD3 (2 pg/ml), anti-CD28 (1 pg/ml), IL-6 (2 ng/ml), TGF-B (1
ng/ml), anti-1L-4 (2 ug/ml) and IFN-y (5 pg/ml) in 96-well flat-bottom culture plates for
3 days for Th17 cells differentiation. After 3 days culture, 0.75 x10%well and 3x<10°/well
converted CD45.2* DNT were added into the CD4" T cells for 24 hours. Then Annexin
V staining and 1L-17 intracellular staining were performed to detect the apoptosis and
Th17 differentiation of CD45.1* CD4" cells. As shown in Figure 13, the converted DNT
could not only increase the apoptosis of CD4" T cells, including Th17 cells, but also
suppress the IL-17 secretion of CD4" T cells. These results were also shown in the revised

manuscript (Figure S7TF-7G).
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Figure 13. The converted DNT suppressed Th17 cells survival and differentiation.

7. The observed effect in vitro should be confirmed by in vivo experiments as well. Are
macrophages and DNT in vivo affected when animals are treated with anti-I1L-10
neutralizing mAb?
Answer: We thank the reviewer for raising this important question. As the reviewer
suggested, we performed the assay in MCD induced NASH model in vivo. For our
treatment model, we treated the MCD-fed mice by intraperitoneal injection with 0.3 mg
of anti-1L-10 Ab (JES5-2A5; BioXCell) every other day after DNT transfer for 4 weeks.
And we detected the liver tissues inflammation and lymphocytes proportion at 4 weeks.
As shown in Figure 14A-C in this response letter, a single transfer of DNT could
inhibit NASH development in MCD-fed mice. As expected, mice treated with IL-10
neutralizing antibody together with DNT showed increased plasma ALT levels, liver

fat accumulation, inflammation and NASH development. Meanwhile, we also detected
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the proportion of M1, M2-like macrophages after anti-IL-10 neutralizing antibody
treatment. Compared with DNT treatment alone, combination DNT with anti-IL-10
neutralizing antibody could downregulate liver macrophages proportions, especially
M2-like macrophages after 4 weeks MCD feeding (Figure 14D-F). Then we also found
transferred DNT with anti-IL-10 neutralizing antibody could increase M2 macrophages
apoptosis and downregulate these cells proliferation at 4 weeks (Figure 14G-H). IL-10
neutralizing antibody injection could inhibit Bcl-2 and Bcl-xI expression in M2
macrophages at 4 weeks (Figure 141-J). Furthermore, we also observed that 1L-10
neutralizing antibody could downregulate NKG2A but not NKG2D expression in DNT
at 4 weeks (Figure 14K). These data demonstrated that anti-1L-10 neutralizing antibody
increased DNT cytotoxicity toward M2 macrophages through inhibiting DNT NKG2A

expression in vivo. These results were also shown in the revised manuscript (Figure 7).
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Figure 14. Treated with anti-1L-10 neutralizing antibody increased DNT cytotoxicity to

M2 macrophages in

Vivo.
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Minor points:

1. Authors discuss that the accumulation of DNT in liver and VAT could be due to
CXCR3-CXCL10 interaction. Authors could measure CXCL10 levels in liver and VAT
to address this point. It could also be interesting to look at possible differences between
DNT and not DNT treated animals.

Answer: We thank the reviewer for this suggestion. As reviewer’s suggestion, we
detected CXCR3 ligand CXCL9, CXCL10, CXCLI1I mRNA levels in adipose tissues
and liver tissues of HFD, MCD and CD-HFD-fed mice. As shown in Figure 20 in this
response letter, CXCL9 and CXCL10 levels increased in adipose and liver tissues in
NASH models, there were no significantly differences of these chemokines in mice
with or without DNT treatment. These results were also shown in the revised

manuscript (Figure S5C).
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Figure 20. CXCL9, CXCL10, CXCLI1I mRNA levels in adipose and liver tissues of HFD,

MCD and CD-HFD-fed mice.
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2. Since more than half of the results refer to DNT and macrophage interaction, this
topic should be mentioned in the title, e.g. “Double negative T-cells prevent the
development and progression of nonalcoholic steatohepatitis by suppression of M1
macrophages”.

Answer: We thank the reviewer for this insightful suggestion. We changed the
manuscript title as “Double negative T-cells prevent the development and progression

of nonalcoholic steatohepatitis by suppression of Th17 cells and M1 macrophages”

3. The procedure of evaluation of the transcriptome sequencing study (Figure 5A),
biological process (Figure 5B) and KEGG pathway analysis should be described in the
methods section at least briefly.

Answer: Thank the reviewer’s suggestion, and we have added a section in the methods
to describe the transcriptome sequencing study.

“Transcriptome sequencing analysis

The DNT incubation with CD3/CD28 antibodies were stimulated with IL-10 (50 ng/ml)

for 24 hours, then total RNA was isolated from these DNT. Transcriptome sequencing

libraries were generated using NEBNext® Ultra™ RNA Library Prep Kit for [llumina®

(NEB, USA) following manufacturer’s recommendations and sequenced on an [llumina

Hiseq platform (Illumina, San Diego, CA). Sequences were aligned to the reference

genome with TopHat and processed with Cufflinks, which quantifies each transcript in

each sample using reference annotations produced by the University of California Santa

Cruz UCSC. Difterentially expressed genes with a fold change of > 1.5 and padj < 0.05

between with IL.-10 treated and without IL-10 treated DNT were submitted to GO and

KEGG enrichment analysis, which uses unbiased methods to assess pathway

enrichment. The mRNA sequencing data described in this study were uploaded to the

National Center for Biotechnology Information (NCBI) Gene Expression Omnibus

(accession no. GSE134346).”
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Weight (g)

4. CD-HFD should be explained in the abbreviations sections.

Answer: We thank the reviewer’s suggestion, and we have added CD-HFD as Choline-

deficient High Fat Diet in the abbreviations section.

5. Bodyweight development should be shown for MCD- and CD-HFD-fed mice, for
the last group especially before and after DNT transfer.

Answer: We thank the reviewer for this insightful suggestion. As shown in Figure 21 in
this response letter, we have detected the MCD and CD-HFD-fed mice bodyweight
before and after DNT transfer. In the MCD-fed NASH model, the C57BL/6 mice
received an adoptive transfer of 5 x 10° CD45.1-positive DNT (purity > 97%) at 0 week
and then were fed the MCD for 4 weeks. There are no significantly difference of MCD-
fed mice bodyweight with or without DNT transfer at 4 weeks. In the CD-HFD-fed
NASH model, C57BL/6 mice were fed a CD-HFD for 12 weeks, received a transfer of
5 x 10% CD45.1-positive DNT (purity > 97%), and then continued to be fed the CD-
HFD for another 4 weeks. Compared with CD-HFD-fed mice without DNT treated,
transferring of DNT could decrease the bodyweight of CD-HFD-fed mice at 16 weeks.

These results were also shown in the revised manuscript (Figure S1A and S3A).
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Figure 21. Mice bodyweight in MCD and CD-HFD-fed mice with or without DNT

transferred.

6. Especially graphs for mRNA analysis could be bigger for a better legibility.
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Answer: We thank the reviewer’s advice and we have enlarged the graphs of mRNA

analysis.

7. Picture size of histological slides should be enlarged for better perceptibility.
Answer: Thank the reviewer’s advice. We re-select field of histological slides and take
pictures with 100x magnification to enlarge the picture size to contain portal fields and

central veins.

8. Regarding supplemental Figure 1F: Authors show Glucose levels after 12 weeks.
Does this show the time point before DNT transfer? Please clarify in the description.

Answer: We thank the reviewer for this insightful comment. In the CD-HFD-fed NASH
model, C57BL/6 mice were fed a CD-HFD for 12 weeks, and we transferred 5 x 10°
CD45.1-positive DNT (purity > 97%) at this time point. After DNT transfer, the mice

were continued fed with CD-HFD for another 4 weeks.

9. Regarding supplemental Figure 1: Please state the number of samples “n” for CD-
HFD-fed illustrations.

Answer: We thank the reviewer for raising this important question. The NCD group,
n=5; CD-HFD group, n=4; CD-HFD+DNT group, n=4. We have added this in the figure

legends.

10. In several graphs the lines showing significant differences are not of the same
strength. Authors should standardize their illustrations.
Answer: We thank the reviewer’s advice and we have standardized the illustrations in

revised manuscript.

11. On page 15 (discussion) the word “of” is missing in the first sentence.

Answer: We thank the reviewer’s advice and changed the sentence as “The suppression

of M1 macrophages and Th17 cells by DNT might be the major mechanism by which
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DNT transfer prevent NASH development.”

12. IFN-y is spelled as “IFN-r”, e.g. in Figure 2 E and supplemental Figure 1D. Please
change this into correct spelling.

Answer: We thank the reviewer’s suggestion and have corrected it in revised manuscript.

13. In Figure 4C macrophages were co-cultured with DNT and TNFa secretion was
examined. Please describe more precisely, if this is only examined from M1
macrophages. Moreover it would also be interesting to test for IL-6 and IFN-y secretion.
Answer: We thank the reviewer’s kind advice. In Figure 4C, we cocultured CD45.1-
positive bone marrow derived macrophages with DNT at different ratio for 24 hours in
vitro. And then the macrophage TNF-a secretion was detected by flow cytometry (n =
5). As the reviewer suggested, we have also tested IL-6 and IFN-y secretion in these
CD45.1-positive macrophages. As shown in Figure 22 in this response letter, the DNT
could significantly inhibit macrophages TNF-a, IFN-y but not IL-6 secretion. These

results were also shown in the revised manuscript (Figure 4C).

50 / 54



W/O DNT . 1/4DNT ~ 1/2DNT _ DNT
o323 | : .oms5

SSC-W

105 | 047 | C7e1 1 185

SSC-W

F;aﬁ§g NN
L ;g‘.

“IL-6-PE
i 460

Eos o
e
e
g g E I

SSC-W, .
IFN-y-PE
. %%
40 T +  WI/ODNT
8 *% = 1/4DNT
D 3. ‘} + 1/2DNT
g . *  DNT
D— L
o
5 204
1]
= **
‘S 101
. ﬁﬁﬁm
<<’ \/
& A \‘5\

Figure 22. DNT inhibited macrophages TNF-a, IFN-y secretion, but not IL-6 secretion.
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Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

Review of NCOMMS-19-32808A-Z

Double negative T-cells prevent the development and progression of nonalcoholic steatohepatitis.

The revised paper is improved. However, significant concerns remain. Clearly, rapamycin reduces
NAFLD, which is an inflammatory disease of the liver. Although the pro-inflammatory potential of
DN T cells is addressed in the response to comments, these are largely omitted from the paper
along with a large body of potentially supporting data embedded in the authors’ response.

The findings of this paper remain surprising given that DN T cells are generally considered a pro-
inflammatory subset within the T cell compartment and that rapamycin eliminates pro-
inflammatory DN T cells via autophagy (1-5). Moreover, rapamycin also blocks pro-inflammatory
mTOR activation within hepatocytes and abrogates the production of antiphospholipid antibodies in
mice (6) and humans (4). The latter is a likely mechanism of action of rapamycin when blocking
liver disease in SLE (7). The paper fails to address whether rapamycin blocks activation of mTOR
within hepatocytes or it blocks the infiltration of the liver or pro-inflammatory function of DN T
cells. These issues are critical for basic understanding and biological and clinical implications of this
paper. A through discussion of alternative mechanisms of activation and function of DN T cells is
lacking from this paper, some of which was included in the response to previous comments.

Specific comments:

Figure 8: this mechanistic diagram should include pro-inflammatory potential of DN T cells.
Figure S1: panel D shows a western blot. The loading control should be placed on the very same
membrane which shows newly claimed changes in expression of specific genes. The GAPDH
pattern appears different from SMA. Beta-actin and tubulin would be better controls. Moreover,
GAPDH which is a metabolic enzyme linked to NAFLD in the past.

Figure S2: Effect of rapamycin on mTOR activation should be assessed in hepatocytes and
compared to infiltrating DNT cells.

Figure S9: panel H shows a western blot. The loading control should be placed on the very same
membrane which shows newly claimed changes in expression of specific genes. The GAPDH
pattern appears different from either TNF-alpha or IL-10. Moreover, actin would be more
appropriate than GAPDH which is a metabolic enzyme linked to NAFLD in the past.

Reference List
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Reviewer #2:

Remarks to the Author:

The authors have satisfactorily addressed my concerns. The revised manuscript is much improved
and the conclusions are now backed by data.



A minor issue appeared in the revised manuscript: In several figures, the authors show CXCL11,
next to CXCL9 and 10. However, CXCL11 is non-functional in C57BL/6 mice and should thus be
omitted from the figures, as this could be misleading.

Reviewer #3:

Remarks to the Author:

The authors greatly improved their study and underlined their findings by more evidence. Nearly
all of my questions and suggestions were answered properly. Unfortunately scRNA-seq for
macrophage differentiation was not performed. The authors cite older publications in their letter as
evidence, that FACS analysation by itself is appropriate. Recent studies[1-3] underlie the new
possibilities and more accurate differentiation by using scRNA-seq. Therefore I would still
encourage them to use this method to subanalyse the macrophage population and polarisation in
this study particularly as this study is facing immune cells as a treatment option.

[1] The Myeloid Cell Compartment-Cell by Cell.

Bassler K, Schulte-Schrepping J, Warnat-Herresthal S, Aschenbrenner AC, Schultze JL. Annu Rev
Immunol. 2019 Apr 26;37:269-293. doi: 10.1146/annurev-immunol-042718-041728. Epub 2019
Jan 16. PMID: 30649988

[2] Single-cell RNA sequencing to explore immune cell heterogeneity. Papalexi E, Satija R. Nat Rev
Immunol. 2018 Jan;18(1):35-45. doi: 10.1038/nri.2017.76. Epub 2017 Aug 7. PMID: 28787399
[3] Single-cell RNA sequencing reveals the heterogeneity of liver-resident immune cells in human.
Zhao J, Zhang S, Liu Y, He X, Qu M, Xu G, Wang H, Huang M, Pan J, Liu Z, Li Z, Liu L, Zhang Z.
Cell Discov. 2020 Apr 28;6:22. doi: 10.1038/s41421-020-0157-z. eCollection 2020. PMID:
32351704



Reviewer #1 (Remarks to the Author):

Review of NCOMMS-19-32808A-Z

Double negative T-cells prevent the development and progression of nonalcoholic
steatohepatitis.

The revised paper is improved. However, significant concerns remain. Clearly, rapamycin
reduces NAFLD, which is an inflammatory disease of the liver. Although the pro-inflammatory
potential of DN T cells is addressed in the response to comments, these are largely omitted
from the paper along with a large body of potentially supporting data embedded in the authors’

response.

The findings of this paper remain surprising given that DN T cells are generally considered a
pro-inflammatory subset within the T cell compartment and that rapamycin eliminates
pro-inflammatory DN T cells via autophagy (1-5). Moreover, rapamycin also blocks
pro-inflammatory mTOR activation within hepatocytes and abrogates the production of
antiphospholipid antibodies in mice (6) and humans (4). The latter is a likely mechanism of
action of rapamycin when blocking liver disease in SLE (7). The paper fails to address whether
rapamycin blocks activation of mTOR within hepatocytes or it blocks the infiltration of the
liver or pro-inflammatory function of DN T cells. These issues are critical for basic
understanding and biological and clinical implications of this paper. A through discussion of
alternative mechanisms of activation and function of DN T cells is lacking from this paper,

some of which was included in the response to previous comments.

Answer: We thank the reviewer for raising these important questions.

1) DNT celshave been found to be both pro- and anti-inflammatory functions.

Although double negative T cells (DNT) only account for 1%-3% of total T lymphocytes in the
peripheral blood and lymph organs of humans and mice, these rare T cells have been found to
be important in various disease presentations.

DNT cells have been proposed to be essential in maintenance of immune homeostasis and
self-tolerance. DNT highly express perforin, granzyme B, FasL and exhibit strong suppressive
activity toward T cells (1-4), B cells (5, 6), dendritic cells (7), and NK cells (8), which could
suppress the immune response and provide significant protection against allograft rejection,
graft-versus-host disease (GVHD), autoimmune diseases, and ischemia-reperfusion injury (1, 3,
9-12).

On the other hand, as the reviewer mentioned, reports do suggest that DNT are involved in

1717
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systemic inflammation and tissue damage under autoimmune or inflammatory conditions. In
patients with systemic lupus erythematosus (SLE) (13-15), primary Sjogren's syndrome (pSS)
(16, 17), and psoriasis (18), DNT that expands in peripheral blood and inflamed tissues are the
major producers of the proinflammatory cytokine IL-17 and are believed to be pathogenic in
these autoimmune diseases.

According to previous studies, DNT can develop in thymus (19, 20) and also generate from

CD8+ (21) or CD4+ T cells (1). Among these DNT., CD8+ T cell derived DNT could produce

proinflammatory cytokines (IL-17) with obvious effector phenotype. On the other hand, DNT

generated from CD4+ T cell are promising for maintenance of immune homeostasis and

self-tolerance. The DNT we used in this study are converted from CD4+ T cells, to better

distinguish these DNT from thymus developed or CD8 derived DNT, in this response letter and

revised manuscript, we have changed the name of “DNT” to “CD4 T cell converted DNT

(cDNT)”.

2) Someliver resident DNT could also secrete | L-17, the pro-inflammatory cytokines.
In order to further confirm the characterizations of DNT, we examined cytokines secreted from
liver resident DNT in NCD- or MCD-fed mice. As shown in Figure 1, liver resident DNT could

also secrete IL-17, a pro-inflammatory cytokine. Compared with control mice, IL-17 secreted

from liver resident DNT increased significantly in MCD-fed NASH mice, which was consistent

with the reviewer mentioned in SLE models (13). These results were also shown in the revised

manuscript (Figure S2D-2E).
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Figure 1. The IL-17 secretion of liver resident DNT in NCD- or MCD-fed mice with cDNT or

rapamycin treatment.
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3) Compared with CD4 T and liver resident DNT, cDNT we used in this study are
defined asonetype of regulatory T cells.

3.1 Functions of cDNT: Our previous studies demonstrated that CD4 T cells could
convert to DNT in vivo and in vitro (1, 22). These cDNT could significantly suppress
CD4+CD25- T cells and B cells immune response, mainly through the perforin/granzyme B
pathway (6). The adoptive transfer of ¢cDNT could prevent and reverse the onset of
autoimmune diabetes and prolong islet graft survival while preserving antigen specificity (1, 3,
23). Recently, we also found cDNT have antigen-specific protection in allergic asthma (24).

3.2 Characterizations of cDNT: These cDNT do not express IL-2, IL-4 and IL-17 (1, 2,
22), are not like IL-17 producing pro-inflammatory DNT.

3.2.1. Thecytokine secretion of cDNT cellsin vitro.

In order to better understand the roles of these CD4 derived DNT, we firstly detected the
activated CD4+ T cells and cDNT cytokines secretion and immunosuppressive molecule
expression in vitro. As shown in Figure 2A-C, compared with activated CD4+ T cells, cDNT
had extremely low or no secretion of IL-2, IL-4, IL-6, IL-10, IL-13, IL-17A, IL-21 and TGF-3,
except for [FN-y. However, compared with CD4+ T cells, cDNT highly expressed Granzyme B,
the functional molecular of regulatory DNT.

3.2.2. The cytokine secretion of cDNT cellsin vivo.

We also transferred cDNT into MCD-fed mice. Four weeks later, we detected the ability
of ¢cDNT to produce cytokines in vivo. As shown in Figure 2D, these ¢cDNT also had extremely
low or no secretion of IL-2, IL-4, IL-6, IL-10 and IL-17, including IFN-y in vivo, but highly

expressed Granzyme B. These observations indicated that cDNT are regulatory immune cells

and are not proinflammatory cells. These results were also shown in the revised manuscript

(Figure S6A-6D).
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Figure 2. The cytokines of cDNT secreted in vitro and in vivo.

3.2.3. The characterizations of liver resident DNT and cDNT cellsin vivo.

To better distinguish cDNT we used in this study with proinflammatory DNT, we also
detected the cytokines secretion in transferred cDNT and liver resident DNT in MCD-fed mice.
As shown in Figure 3, liver resident DNT could secrete IL-17, however, cDNT did not secrete

IL-17. These results were also shown in the revised manuscript (Figure S2F-2G).
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Figure 3. The cytokines of cDNT and liver resident DNT secreted in MCD-fed NASH liver in

ViVO.

4) Theeffectsof rapamycin on liver resident DNT and cDNT.

As the reviewer suggested, we also examined the cytokines secretion of liver resident
DNT and ¢cDNT cells with or without rapamycin stimulation.

4.1 Rapamycin inhibited liver resident DNT proinflammation in vivo.

As shown in Figure 1 in this response letter, in MCD-fed NASH mice, rapamycin could
inhibit liver resident DNT IL-17 secretion, while the transfer of cDNT did not influence liver
resident DNT IL-17 secretion significantly.

4.2 Rapamycin might not be important for cONT functions.

In this study, we mainly found IL-10 secreted by M2 macrophages decreases the survival
and function of cDNT to protect M2 macrophages from cDNT-mediated lysis. In order to
determine the roles of mTOR signal pathway in IL-10 stimulated cDNT, we also examined
pi-mTOR expression of cDNT with or without IL-10 stimulation in vitro. As shown in Figure
4A and 4B in this response letter, IL-10 stimulation did not increase pi-mTOR expression,
which indicated mTOR signal pathway might not important for cDNT during IL-10 stimulation.
Meanwhile, as shown in Figure 4C, the cDNT had extremely low secretion of IL-2, IL-4, IL-6,
IL-10 and IL-17, and rapamycin stimulation did not influence cDNT cytokine secretion.
However, rapamycin stimulation could suppress IFN-y secretion in cDNT (Figure 4C in

response letter). These results were also shown in the revised manuscript (Figure S11).
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Figure 4. The roles of mTOR pathway in cDNT cytokine secretion.

Meanwhile, we have added a section in the discussion to describe the mTOR signal
pathway roles in cDNT activation and function as follows.

“The DNT paly critical and diverse roles in the immune system., and they have both

pro-inflammatory and anti-inflammatory functions. In patients with systemic lupus

erythematosus (SLE) (13-15), primary Sjogren's syndrome (pSS) (16, 17), and psoriasis

(18), DNT that expands in peripheral blood and inflamed tissues are the major producers of

the proinflammatory cytokine IL-17 and are believed to be pathogenic in these autoimmune

diseases. However, the CD4 converted DNT (¢cDNT) we used in this study, had extremely low

or no secretion of pro-inflammatory cytokines, highly expressed Granzyme B, which were

defined as one type of regulatory T cells. These ¢cDNT could prevent or reverse the onset of

type 1 diabetes, allergic asthma, liver injury, and induce allograft tolerance (1, 3, 22-24).”

“In SLE patients, mTORC]1 activity is prominently increased in DNT. and play important

roles in DNT pro-inflammation (13, 25). In this study, IL-10 stimulation did not increase

pi-mTOR expression of ¢cDNT. however, 1L-10 upregulated PI3K-AKT and MAPK pathway

6/17



related gene expression, which indicated that these signaling pathways may be involved in the

IL-10-mediated ¢cDNT function. The mechanisms of IL-10 regulating cDNT activation and

function need to be further studied.”

Specific comments:

Figure 8: this mechanistic diagram should include pro-inflammatory potential of DN T cells.

Answer: We thank the reviewer for raising these questions.

Indeed, the cDNT we used in this study did not secrete pro-inflammatory cytokines, such as
IL-17, and these cells were defined as on type of regulatory T cells. To better distinguish the
cDNT we used in this study with proinflammatory DNT, we replace “DNT” with “cDNT”” and

added the origin CD4+ T cells in the mechanistic diagram.

Figure S1: panel D shows a western blot. The loading control should be placed on the very
same membrane which shows newly claimed changes in expression of specific genes. The
GAPDH pattern appears different from SMA. Beta-actin and tubulin would be better controls.
Moreover, GAPDH which is a metabolic enzyme linked to NAFLD in the past.

Answer: We thank the reviewer for the insightful comments.
We have added B-actin as the loading control. As shown in Figure 5, cDNT transfer
significantly decreased a-SMA expression in MCD-fed mice. These results were also shown in

the revised manuscript (Figure S1D).
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Figure 5. a-SMA expression in liver tissues of NASH mice with or without cDNT

transferred.

Figure S2: Effect of rapamycin on mTOR activation should be assessed in hepatocytes and
compared to infiltrating DNT cells.

Answer: We thank the reviewer for this suggestion.

MTOR signal pathway playsimportant rolesin hepatocytes lipid accumulation. Activation
of the mTORCI leads to the phosphorylation of the downstream effector of mTORCI1: p70 S6
kinase (S6K1) and elF4E-binding protein 1 (4E-BP1), which is an important for SREBP
activation, lipogenesis, and hepatic steatosis (26). Many studies reported mTOR expression
increased in hepatocytes of NASH mice and patients (27-29). Prolonged treatment with
rapamycin sustained suppression of mTOR activity (30). Rapamycin, blocking mTORC signal,
obviously ameliorated hepatic steatosis and liver injury through reducing SREBP-1c-dependent
lipogenesis and promoting PPARa-mediated fatty acid oxidation (31). Rapamycin treatment
also enhanced hepatocytes autophagy and decreased hepatocytes lipid droplets accumulation,
inflammation and ER stress (32-34).

Rapamycin might not important for cDNT functions. In this study, we mainly found IL-10
played important roles in regulating cDNT functions. However, IL-10 stimulation did not
increase pi-mTOR expression, which indicated mTOR signal pathway might not important for
c¢DNT, especially after IL-10 stimulation. Meanwhile, we also examined whether rapamycin,
the inhibitor of mTOR signal pathway, blocked cDNT functions. As shown in Figure 4 in this
response letter, the cDNT had extremely low secretion of IL-17, and rapamycin stimulation did
not influence IL-17 secretion. These results were also shown in the revised manuscript (Figure
S6A-D).

Meanwhile, in previous response letter and manuscript, as the reviewer suggested. we
mainly used rapamycin as a positive control to confirm the roles of cDNT in ameliorating
NASH development. The effects of rapamycin in hepatocytes and cDNT cells were not closely
related to our research. We will further study the roles of rapamycin in regulating cDNT

functions in the future.
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Figure S9: panel H shows a western blot. The loading control should be placed on the very
same membrane which shows newly claimed changes in expression of specific genes. The
GAPDH pattern appears different from either TNF-alpha or IL-10. Moreover, actin would be
more appropriate than GAPDH which is a metabolic enzyme linked to NAFLD in the past.
Answer: We thank the reviewer for the insightful comments.

As the reviewer suggestion, we have added B-actin as the loading control. As shown in Figure 6
in this response letter, cDNT transfer significantly decreased TNF-a expression in MCD-fed
mice, while IL-10 expression did not change significantly after cDNT transfer. These results

were also shown in the revised manuscript (Figure SOH).
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Figure 6. TNF-a and IL-10 expression in liver tissues of NASH mice with or without cDNT
transferred.
References:
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Reviewer #2 (Remarks to the Author):

The authors have satisfactorily addressed my concerns. The revised manuscript is much

improved and the conclusions are now backed by data.

A minor issue appeared in the revised manuscript: In several figures, the authors show CXCLI11,
next to CXCL9 and 10. However, CXCL11 is non-functional in C57BL/6 mice and should thus

be omitted from the figures, as this could be misleading.

Answer: We thank the reviewer for this suggestion. As the reviewer suggested, we have
omitted CXCL11from the article and the figures.

Reviewer #3 (Remarks to the Author):

The authors greatly improved their study and underlined their findings by more evidence.
Nearly all of my questions and suggestions were answered properly. Unfortunately scRNA-seq
for macrophage differentiation was not performed. The authors cite older publications in their
letter as evidence, that FACS analysation by itself is appropriate. Recent studies[1-3] underlie
the new possibilities and more accurate differentiation by using scRNA-seq. Therefore I would
still encourage them to use this method to subanalyse the macrophage population and

polarisation in this study particularly as this study is facing immune cells as a treatment option.

Answer: We thank the reviewer for the insightful comments.

As the reviewer mentioned in the references, enormous plasticity and heterogeneity of
macrophages play important roles for NASH development. And single-cell RNA sequencing is
a better method to analyze the macrophage population and polarization.

We totally agree with the reviewer, scRNA-seq data would be extremely helpful to further
reveal the mechanisms of DNT treatment in NASH. However, due to the space limit of the
current manuscript (already contained 8 figures and 11 supplementary figures), it is hard to
include a lot of new figures and tables generated by the tons of data from scRNA-seq. We
believe that after the significant guidance of the reviewers, our current revised manuscript is
greatly improved and more evidence are provided to support the hypothesis of this research.
We will make a discussion about the weaknesses of our finding as the reviewers mentioned as

“In this study, we mainly found cDNT selectively suppressed M1 macrophages, but not M2
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macrophages during NASH development. Recent studies underlie the new possibilities and

more accurate differentiation of hepatic macrophages by using scRNA-seq (35-37), thus

scRNA-seq study might be more helpful to further reveal the macrophage population and

polarization after cDNT transfer, we will perform the study in the future.”

Although we could not add scRNA-seq data in this manuscript, as the reviewer suggested,
we have prepared to do a new scRNA-seq study in next 1-2 years. We have selected the hepatic
macrophages (defined as CD45 Ly6G CD11b"€"F4/80™) in NCD and MCD-fed mice through
FACS, and then performed scRNA-seq.

Firstly, we confirmed the Adgrel, Itgam, Ptprc and Ly6g expression in these macrophages,
which were consistent with F4/80, CD11b, CD45 and Ly6G expression in protein levels. As
shown in Figure 7, UMAP analysis of liver macrophages showed 12 clusters. The proportions
of clusters 0, 1, 4 were increased significantly in MCD-fed mice, while clusters 2, 3 decreased
remarkedly. Then, we will identify these clusters markers and functions, and confirm whether
cDNT transfer could influence the clusters proportions and functions. We also plan to identify
novel tissue macrophage subsets, and examine whether cDNT transfer could influence these

cells proportions, functions, and explore the mechanisms in the future.
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Figure 7. scRNA-seq analysis of hepatic macrophages in NCD- and MCD-fed mice.
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Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

The paper has been expanded with additional data that provide a shifting characterization of DN T
cells that appear to protect from nonalcoholic steatohepatitis. Many of the changes are described
in the response to comments, however, they have not been all represented in the paper itself. The
newly offered designation of cDNT cells does not reflect their purported origin from CD4 T cells.
The abbreviation of CD4-DNT cells would be more revealing. Such changes should also be reflected
in the title which should read as follows:

“CD4-derived double negative T cells prevent the development and progression of nonalcoholic
steatohepatitis by suppression of Th17 cells and M1 macrophages".

The role of mTOR and its discussion with respect to hepatitis is still lacking clarity. The authors
should consider that their CD4-derived DN T cells may act as Tregs, which are in fact expanded in
SLE by mTOR blockade both in vitro, and most importantly in vivo (Lancet, 391:1186-1196).
Given the authors new data and shifting interpretation, mTOR blockade may have expanded Tregs
that appear to have lost their CD4 expression. This potential mechanism of action needs to be
addressed in the discussion. Along these lines, FoxP3+ Tregs need to be included among cells
depicted in Figure 8. It is possible that the CD4-derived DN T cells may potentially act as Tregs.



Reviewer #1 (Remarks to the Author):

The paper has been expanded with additional data that provide a shifting characterization of
DN T cells that appear to protect from nonalcoholic steatohepatitis. Many of the changes are
described in the response to comments, however, they have not been all represented in the
paper itself. The newly offered designation of cDNT cells does not reflect their purported origin
from CD4 T cells. The abbreviation of CD4-DNT cells would be more revealing. Such changes
should also be reflected in the title which should read as follows:

“CD4-derived double negative T cells prevent the development and progression of

nonal coholic steatohepatitis by suppression of Th17 cells and M1 macrophages'.

Answer: We thank the reviewer for this suggestion.
According to the reviewer’s suggestion and the word limited of the title, we have changed the
title asfollows:

“CD4 derived double negative T cells prevent the development and progression of nonalcoholic

steatohepatitis.”

Meanwhile, as the reviewer suggested, CD4-DNT does reflect the origin of DNT, however,
the term “CD4-DNT” might also make the readers confused with “CD4 and DNT” or “CD4 vs
DNT”. We have used cDNT to represent CD4 derived double negative T cellsin our previous
published article'. To be consistent with our previous report, we still use cDNT in revised
manuscript and we hope the reviewer could agree with us that cDNT is acceptable.

To further clarify that these DNT are derived from CD4 T cells, we have added “cDNT” in
Abbreviations and have also clearly given its full description as “CD4 converted DNT” in

manuscript where cDNT first appears.

1. Sun G, et a. Critical role of OX40 in the expansion and survival of CD4 T-cell-derived
double-negative T cells. Cell Death Dis 9, 616 (2018).

Therole of mTOR and its discussion with respect to hepatitisis still lacking clarity. The authors
should consider that their CD4-derived DN T cells may act as Tregs, which are in fact



expanded in SLE by mTOR blockade both in vitro, and most importantly in vivo (Lancet,
391:1186-1196). Given the authors new data and shifting interpretation, mTOR blockade may
have expanded Tregs that appear to have lost their CD4 expression. This potential mechanism
of action needs to be addressed in the discussion. Along these lines, FoxP3+ Tregs need to be
included among cells depicted in Figure 8. It is possible that the CD4-derived DN T cells may
potentially act as Tregs.

Answer: We thank the reviewer for the insightful comments.

1. In order to further clarify the role of mTOR in hepatitis, we added the following sentencesin
discussion.

“Activation of mTOR signal pathway plays important roles in liver diseases, and
mMTOR-inhibitor rapamycin could ameliorate liver fibrosis, autoimmune hepatitis through
regulation Th17/Treg cell balance® > 4. The hepatic Foxp3+ Tregs in rapamycin-treated mice
had significantly higher frequency and suppressive effects. Activated Treg with rapamycin
treatment preferentially phosphorylated STAT5 and STAT3 and did not utilize the
PI3K/mTOR pathway> °.”

2. Actualy, in previous study, we have compared the differences between cDNT and Treg
cells” 8, Compared with Treg cells, the cDNT do no express Foxp3. On the contrary, cDNT
express high levels of cytotoxic lymphocyte-related genes perforin and granzyme B. Thus, the
cDNT aredistinctive from Treg cells.

To further clearly address the reviewer’s concern, we also evaluated the effected of rapamycin,
MTOR signal inhibitor, on CD4 expression in Foxp3+ Treg cells. As shown in Fig 1,
rapamycin did not lower CD4 expression in Foxp3+ Treg cellsin our study.

In addition, our study is focused on potential therapeutic effects of cDNT on NASH and
NAFLD, isnot arapamycin related research.

Taken together, we do not think there are any data supporting that FoxP3+ Tregs need to be
included among cells depicted in Figure 8. And we have added in Figure 8 that the cDNT cells
is Granzyme B positive and Foxp3, IL-17 negative.



However, as the reviewer suggested, we still added a discussion in the paper as follows to make
it more clear:

“However, the cDNT we used in this study, had low or no secretion of I1L-17, highly expressed
Granzyme B, which were defined as one type of regulatory T cells, athough no Foxp3

expression.”
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Figure 1. Rapamycin did not influence CD4 expression in Foxp3+ Treg cells
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