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Hematopoietic Transcription Factor RUNX1 is Essential for
Promoting Macrophage—Myofibroblast Transition in

Non-Small-Cell Lung Carcinoma

Philip Chiu-Tsun Tang, Max Kam-Kwan Chan, Jeff Yat-Fai Chung, Alex Siu-Wing Chan,
Dongmei Zhang, Chunjie Li, Kam-Tong Leung, Calvin Sze-Hang Ng, Yi Wu, Ka-Fai To,

Hui-Yao Lan, and Patrick Ming-Kuen Tang*

Macrophage-myofibroblast transition (MMT) is a newly discovered pathway
for mass production of pro-tumoral cancer-associated fibroblasts (CAFs) in
non-small cell lung carcinoma (NSCLC) in a TGF-$1/Smad3 dependent
manner. Better understanding its regulatory signaling in tumor
microenvironment (TME) may identify druggable target for the development
of precision medicine. Here, by dissecting the transcriptome dynamics of
tumor-associated macrophage at single-cell resolution, a crucial role of a
hematopoietic transcription factor Runx1 in MMT formation is revealed.
Surprisingly, integrative bioinformatic analysis uncovers Runx1 as a key
regulator in the downstream of MMT-specific TGF-f1/Smad3 signaling.
Stromal Runx1 level positively correlates with the MMT-derived CAF
abundance and mortality in NSCLC patients. Mechanistically,
macrophage-specific Runx1 promotes the transcription of genes related to

1. Introduction

Lung carcinoma is a major cause of death
worldwide. There were 5422 new cases of
lung cancer in 2020 and ranked as the
top cause of cancer deaths in 2020 in
Hong Kong (Hong Kong Cancer Registry).
Surgery, chemotherapy, and radiotherapy
have been the mainstays of treatment for
decades. However, outcomes are still un-
satisfactory due to side effects, metastasis,
and drug resistance.l'! Cancer cells are het-
erogeneous, versatile, and adaptable, lead-
ing to primary and secondary resistance.[?!
Therapies that target tumor microenvi-
ronment (TME) show promise as cancer

CAF signatures in MMT cells at genomic level. Importantly,

macrophage-specific genetic deletion and systemic pharmacological
inhibition of TGF-f1/Smad3/Runx1 signaling effectively prevent MMT-driven
CAF and tumor formation in vitro and in vivo, representing a potential

therapeutic target for clinical NSCLC.

growth, invasion, and metastasis rely on
stromal conditions.*! Unexpectedly, only
less than 30% of non-small-cell lung car-
cinoma (NSCLC) patients respond to the
latest programmed cell death protein-1 re-
ceptor (PD-1) and PD-ligand-1 (PD-L1) tar-
geted therapy.l*] Better understanding the
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ABSTRACT

Transforming growth factor-p (TGF-B) signaling shows important roles in both physiology and pathology,
especially in the progression of inflammatory diseases including cancer. Interestingly, TGF-f was first reported as
a cancer suppressor, but increasing evidence confirmed its protumoral actions. Paradoxically, TGF-p can be
produced by both cancer cells and stromal cells as a signaling network, which actively shapes the tumor
microenvironment (TME). Surprisingly, disruption of TGF-p signaling results in both anti-cancer and pro-tumoral
phenotypes in experimental cancer models, revealing the unexpected complexity of its downstream pathways for
mediating cancer progression. Thus, a better understanding of the underlying mechanisms of TGF-f} signaling at
the molecular level can bring new insights for developing medications that can precisely separate the anti-cancer
actions from the tumor-promoting outcomes. Here, we systematically summarized the latest discoveries of TGF-f

signaling in cancer cells and the TME and discussed their translational implications for cancer.

1. Introduction

Transforming growth factor-p (TGF-) signaling has pleiotropic roles
in both normal physiology and pathology, including cell proliferation,
differentiation, and tissue fibrosis [1-3]. It can be activated by a su-
perfamily of cytokines, e.g TGF-f, activin, inhibin, and bone morpho-
genetic protein (BMP) etc, where TGF-pl is almost ubiquitously
expressed in mammalian tissues [4]. TGF-§ signaling can execute its
cellular responses in a Smad-dependent manner via canonical pathway
[5], or non-canonical pathway via Smad-independent mechanisms e.g.
mitogen-activated protein kinase (MAPK) pathways and the TRAF6/-
phosphatidylinositol 3'-kinase (PI3K)/protein kinase B (Akt) cascade
[6].

Increasing evidence demonstrated the importance of TGF-f signaling
in cancer. Interestingly, it is not only reported as a cancer suppressor
during carcinogenesis [7], but also a tumor promoter in the cancer
progression [8]. Unexpectedly, either cancer or stromal cells derived
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TGF-p show regulatory roles in both cancer cells and tumor microenvi-
ronment (TME) [9,10]. Importantly, genetic and pharmaceutical
disruption of TGF-f signaling results in both anticancer and protumoral
effects in experimental cancer models [11,12], highlighting its impor-
tance and complexity in cancer development and progression.

A better understanding of the underlying mechanisms of TGF-p
signaling in cancer as well as the TME can help to identify new diag-
nostic markers and therapeutic targets for cancer [13], evidencing the
rapid growth of related studies these years. In this review, we collected
the new insights into TGF-p signaling in cancer cells and TME for
regulating the cancer progression, and systematically summarized and
discussed their therapeutic implications for precision medicine against
cancer.

2. TGF-p signaling in cancer cells

TGF-p plays a vital role in cancer development. It not only can act as
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Smad3 is essential for polarization of tumor-
associated neutrophils in non-small cell lung
carcinoma
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Neutrophils are dynamic with their phenotype and function shaped by the
microenvironment, such as the N1 antitumor and N2 pro-tumor states within
the tumor microenvironment (TME), but its regulation remains undefined.
Here we examine TGF-31/Smad3 signaling in tumor-associated neutrophils
(TANS) in non-small cell lung carcinoma (NSCLC) patients. Smad3 activation in
N2 TANs is negatively correlate with the N1 population and patient survival. In
experimental lung carcinoma, TANs switch from a predominant N2 state in
wild-type mice to an N1 state in Smad3-KO mice which associate with enhanced
neutrophil infiltration and tumor regression. Neutrophil depletion abrogates
the N1 anticancer phenotype in Smad3-KO mice, while adoptive transfer of
Smad3-KO neutrophils reproduces this protective effect in wild-type mice.
Single-cell analysis uncovers a TAN subset showing a mature N1 phenotype in
Smad3-KO TME, whereas wild-type TANs mainly retain an immature N2 state
due to Smad3. Mechanistically, TME-induced Smad3 target genes related to
cell fate determination to preserve the N2 state of TAN. Importantly, genetic
deletion and pharmaceutical inhibition of Smad3 enhance the anticancer
capacity of neutrophils against NSCLC via promoting their N1 maturation.
Thus, our work suggests that Smad3 signaling in neutrophils may represent a
therapeutic target for cancer immunotherapy.
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Single-cell RNA sequencing uncovers a neuron-like
macrophage subset associated with cancer pain

rm, Chiu-Tsun Tang'f.kﬂ Yat-Fai dn-g‘ Jinyue Liao®, Max Kam-Kwan Chan',
mom Gumcm , Chunple LI*, Mm‘ Calvhmu.’
YI-PbgHo‘.Md‘I’o Kam-Tong Leung'®, Xiaohua Siang'',
Nd-ho m“’ Patrick Ming-Kuen Tang'*t

Tumer Innervation is a common phosomenen with unknown mechanism. Hore, we discovered a divect mecha-
nism of tumor-asseciated macrophage (TAM) for promoting de novo neurogenesis via a subset showing neuronal
phenotypes and pain receptor expression associated with cancer-driven nocifensive behaviors. This subset is nich
In lung adenocarcinoma associsted with poorer prognosis. By elucidating the transcriptome dynamics of TAM
with single-coll resolution, we discovered the novel phenomenon "macrophage 10 neuron-like cell transition™
[MNT) for directly promoting tumeral neurogenesis, evidenced by macrophage depletion and fate-mapping
study in lung carcinoma models. ngly, we detected neuronal phenotypes and activities of the bone
marrow-derived macrophage MNT celis (MNTs) in vitro. Adoptive transfer of MINTs into NOD/SCID mice mark-
edly enhanced their cancer-associated nocifensive behaviors. We identified macro Smadl asa
pivotal reguiator for promoting MNT at the genomic level; its disruption effectively blocked the tumor in-
nervation and cancer-dependent noclfensive behaviors in vive. Thus, MNT may represent a novel therapeutic
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target for cancer pain.

INTRODUCTION
Cancer is still 2 leading cause of death worldwide. Ineffective treat
mients, severe sede effects, drug rebtance, recurrence, and metuatos
are the majoe harriers to cancer symptom management and care (1)
fn particular, about half of dl patients diagnosed with malignancies
experience chranic pain, which seriousdy affects their quality of Idfe.
This is especaally pertinent i patients with advanced cancers of the
lung, breest, prostate, or gastrolmtestinal tract, 4s two-thirds of these
patients saffer fram chroaic pain (2, 3). Globally, neasdy 80% of cancer
patienty, inchading pediatric patients, have inadequate pain controd
(4). It is therefore of paramount importance to cdlucidate the under-
|ying mechanisms of cancer pain to guide therapeutics development.
Cancer pain is thought to be partly caused by tissve damage and
Inflammation (o the tumor microenvironmenat (TME) via unclear
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mechanians (). Chaically, chronic inflammmation is often assocaated
with the development and progression of cancer {5, 6). 1t 15 still un-
clear how chrank inflammation deives cancer complications expe-
clally chrank pain (4). In the past few decades, neuronal plasticity has
been established 25 2 key mechanism for the development and mals-
tenance of chroni pain (7, §). Periphecal sensitization commandy
ocours after peripheral tissue mjury and inflammation at the noccep-
tor level it is essential for transiting acute poaception into chronic
pain (9 [0}, Noaceptive sersory nearons not oaly respond to immeane
sagnals but abso directly modulate inflansmation, evidenced by the
finding that clencing nociceptor reduces inflasmation in the aller-
pe airway (1),

Increasing evidence suggests that numerous non-neuronal cell
types play an important roke in pain sensation including cancer cclls
and macrophages (4). An emerging role for macrophages in pesiph
ery pain regulation has recently been suggested. Accordingly, deple-
tion of macrophages, but not of neutrophils or T cells, sigaificantly
attenuates the development of mcision asd pathoges -induced me-
chamucal and thermal hypersensitivity 1a mice {122 This is accom-
panied by the down-regulation of intereulan- 1 (IL- 1§ and other
pro-algetic mediators at inflammatory sites ( 13}, Macrophages were
abso found 1o affect analpesia by indirectly redeasing ant)- inflamsasory
medutors, such as L 10 and specialized pro-resolution mediators
(14, 15), Furthermore, a recent stiady demonstraled that rexident
microglia and peripheral manocytes act synergatically to initiate
hypersensitivity and promote chroak pain after pmplmal nerve
injury (16). Although the lnvolvement of macsopha
pain has been suggested by the sppressive effect «ﬁ:umphagn
depletion on mechanical and cold hypersensitivity (17, 18), the
functional role and regulatoey mechaniam of macrophages, espe-
clally tumar-assocuated macrophages ( TAMs), i cancer pain s still
largely unknown,

Single-cell RNA sequencing (sRNA-seq) is an enterging up-
proach 1o resalve cellular bererogeneity on a genome-wide scale. It
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AANG Prevents Smad3-dependent Diabetic
Nephropathy by Restoring Pancreatic 3-Cell
Development in db/db Mice
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Abstract

Diabetic nephropathy (DN) is a major cause of end-stage kidney disease, where TGF-1/Smad signaling
plays an important role in the disease progression. Our previous studies demonstrated a combination of
Traditional Chinese Medicine derived Smad7 agonist Asiatic Acid (AA) and Smad3 inhibitor Naringenin
(NG), AANG, effectively suppressed the progression of renal fibrosis in vivo. However, its implication in
type-2 diabetic nephropathy (T2DN) is still unexplored. Here, we detected progressive activation of
Smad3 but reduction of Smad7 in db/db mice during T2DN development. Therefore, we optimized the
dosage and the combination ratio of AANG to achieve a better rebalancing Smad3/Smad7 signaling for
treatment of T2DN. Unexpectedly, preventive treatment with combined AANG from week 4 before the
development of diabetes and T2DN effectively protected against the onset of T2DN. In contract, these
inhibitory effects were lost when db/db mice received the late AANG treatment from 12-24 weeks.
Surprisingly, preventive treatment with AANG ameliorated not only T2DN but also the primary disease
type-2 diabetes (T2D) with relative normal levels of fasting blood glucose and HbAlc, and largely
improving metabolic abnormalities especially on insulin insensitivity and glucose tolerance in db/db mice.
Mechanistically, AANG effectively prevented both Smad3-mediated renal fibrosis and NF-kB-driven renal
inflammation in the diabetic kidney in vivo and advanced glycation end-products (AGE) stimulated tubular
epithelial mTEC cells in vitro. More importantly, we uncovered that preventive treatment with AANG
effectively protected against diabetic-associated islet injury via restoring the 3 cell development in db/db
mice. Taken together, we discovered that the early treatment with combined AANG can effectively
protect against the development of T2D and T2DN via mechanism associated with protection against
Smad3-depenedent islet injury.

Key words: Type-2 diabetes, Asiatic Acid, Naringenin, Islet, Nephropathy

Introduction

Diabetes mellitus affects 346 million people
worldwide and 5825 thousand Hong Kong
population with 10-20% mortality due to kidney
failure (International Diabetes Federation 2015,

Centers for Disease Control and Prevention 2011). Its
onset and progression are multifactorial but largely
due to the development of systemic insulin resistance
and insufficient insulin secretion [1-3]. Although a
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Abstract: Transforming growth factor-3 (TGF-p) is a crucial pathogenic mediator of inflammatory
diseases. In tissue fibrosis, TGF-3 regulates the pathogenic activity of infiltrated immunocytes and
promotes extracellular matrix production via de novo myofibroblast generation and kidney cell
activation. In cancer, TGF-f3 promotes cancer invasion and metastasis by enhancing the stemness
and epithelial mesenchymal transition of cancer cells. However, TGF- is highly pleiotropic in
both tissue fibrosis and cancers, and thus, direct targeting of TGF-f3 may also block its protective
anti-inflammatory and tumor-suppressive effects, resulting in undesirable outcomes. Increasing
evidence suggests the involvement of long non-coding RNAs (IncRNAs) in TGF-p-driven tissue
fibrosis and cancer progression with a high cell-type and disease specificity, serving as an ideal
target for therapeutic development. In this review, the mechanism and translational potential of
TGEF-B-associated IncRNAs in tissue fibrosis and cancer will be discussed.

Keywords: long non-coding RNA; fibrosis; transforming growth factor-f3; cancer; Smad3; TGF-f3

1. Introduction

Long non-coding RNAs (IncRNAs) are transcripts with lengths of over 200 nucleotides
that together with short microRNAs (miRNAs), small interfering RNAs (siRNAs), small
nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs), and PIWI-interacting RNAs
(piRNAs) constitute a spectrum of non-coding RNA molecules (ncRNAs) characterized
by their gene-regulating functions [1-3]. Of these, IncRNAs and miRNAs are two major
classes of ncRNAs that participate in the pathogenesis of cancer and fibrotic diseases, as
dysregulation of IncRNAs and miRNAs interferes with the control of crucial biological
processes, including cell proliferation, apoptosis, and extracellular matrix homeostasis [4,5].

Non-Coding RNA 2022, 8, 36. https:/ /doi.org/10.3390/ncrna8030036
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Ahstract

Cancer cells are high In hetercgeneity and versatility, which can easily adapt to the
exbarnal stresses via bath primary ard secondary resistance. Targeting of tumaw mi-
crosmironmaent (TME] is'a new approach and an [deal therapeutic strategy especially
For the multidrug resistant cancer. Recently, we invented AANG. a natural compound
toomuda contzining traditionsl Chinese medicine (TCM) derived Smadd inhiksétar
Marfngenin [MG) and Smad? activator Aslabc Acid [aal, for rebalancng TR Smad
signafling in the TME, and its implication an the mulfidrug resistance is still ines-
plored. Here, wa obsersed that an equilibrism shitt of the Smad signalling in patents
with hepatocslular carcinoma JFICC), which was dramatically snhanced in the rece-
rent cases showing p-glycoprotaln overaspression, We optimized the formuda ratia
and dosage of AARNG thal effectively mbiit the proliferation of our unigue human
mlticrug resistant subclone R-HepGd, Mechanistically, we foumnd that AANG nat
ainly Inhibits Smad® at posttransoriptional level but aloo uprepulstes Smsd? at tran-
scrigtional lewel in 3 syrergistic manmer in vitro, More importantly, AANG markedly
syppressed the growth and p-gheooprotein exgression of R-Hep G2 xenografts in o,
Thus, AANG may represent 3 novel and safe TCB-derived natural compeand formala
for svercoming HCC with p-ghwopeotein-mediated mudtadrug resistance.

HREYWDORDS
ARG, Asistic acid, hepatooelular caronome, multidrug resistance, nanngenin. p-glhycoprotein,
TGF-[USmad signaling

Jpdt WwleFad T g s Peb B a3 sesn Choen e sy comobubed o thie ek,

Thisis an open acoess acticle ander the feeres of e Creative Commarne AlRibabon Licenss, which permits e dairbution and reprodectian ks amy medio,

provakied ihe ariginal work b propedy cBed

&0 The Awthors. memadof Calbr oad Modaosbe Medicne puhlivees ty Foamnibation for Calube asd Maojeruiar Madicios snd Jobn 8y & Som Lhd.

1l bl Pkt 2071001 -7

wdipon ire Bbrmny oo el feTeET I ]



Fermatiosal Jourmal of
Moleenlar Sciencex

mory

Revien

TGF-f Signaling: From Tissue Fibrosis to Tumor Microenvironment

Jeff Yat-Fai Chung ', Max Kam-Kwan Chan ', Jane Siu-Fan Li ', Alex Siu-Wing Chan ?,
Philip Chin-Tsun Tang ', Kam-Tong Leung ¥, Ka-Fai To ', Hul-Yao Lan *7 and Patrick Ming-Kuen Tang '*

O vdates
Ot Chomg, LV Onan,
MUK LTS 1 Clun, A5y,
Targ PO Lourg K1 In K4
L, ¥, Tang, MUK TGF-01
Suprekng From Tiwse Flasoss m
T Micverinonmmene. Ive. | M
S, 320, 12PN hepecd L doung/
L0 T2

Acalvmve Edw A Tlip Wes

Hewhvl: 34 May 2221

Actpted ¥ july 2
Pabtidad; 15 [y 2021

Paldaders Node MOFT ways cestiad
it g b fartsdotorad clems n
prtbadunt rups arel sedmsond o1
e

@ )

Copyrighe © I by the aefion
Loy MOPL Besad. Switecriand
This artkche b an opwn asew aticle
daktubad wods dwe lrrems el
ondtans of te Croutne Commaonm
Atribatbon 100 BY) Doomse (hetgs //
Colracremors crgThoreses oy )
ann

b Dey af A 4 and Culiular Pathology, $tate Koy Laboratury of Trazslativesl
The Chinese Universty of Hong Koo, Hoog Koog, Ching edchung@ ik cuhbodo bk (LY-FCL
manchamham kwaniting ouh b edhu bk (MK ACC | o binb cvbicodu b O S-F LY
pilang@tind cubboodu bk (RC T Mol edu bk (KET)

¥ Department of Applied Socil Scences. The Hong Komg Palsteching: University, Hung Kong. Ching
alexme charfiomnect polyu bk

' Department of Tactiotrics, Prince of Wales Hospoad, The Chinese Universdty of Hong Kong,
Horg Kimg, China; woduhk

b Deparntment of Medicine & Thorepeutics, 1i Ka Shing Instinate of Hoslh Sciences, L Che 'Woo
Insttute of Innevative Medicne, The Chinese University of Mong Koneg, Wong Kong. Chims;
by leribouhiboedu hk

* Comespondonce: patrich angSodd odo hh

1 These authors contrlused aqually 3o this wivk

Abstract: Transdorming growth factor-& (TGS signaling triggers Giverse bological actioms in
inflammatory discases. In teiw fibsusis, 4 acts as 2 key pathogonie rogalater for promating im-
mwmocegulation vie contraelling the activition, proliferation, sl apaptosts of mmuniacytes, In
cancer, |t plays a critscal role in fumor microenvironment (TME) for accelerating lnvasion, metis-
Lasls, angiogenisss, and ann ppescion. Incauasing eviderce suggest & plectropic natun
of TGF-5 wignaling as a critical pathway for generating fbrone TME, wivich contains numeroas
cancer-ssoclated fibroblasts (CATs), extracellular matrix proteins, and remodeling enxymes. lts
porthgenic mles and working mechanisms in tumorigesesis ane still langely unclear: Tmportantly,
rocent stoddies susccesssfully demonstrated the dinical implications of fibrotic TME in cancer, Thas
neviow systematically susmarized the btest opdates and dscoverics of TGF-R signaling in the
Reatic TME.

Keywoedse TCF 3, tumor miceosny ronment, fikbeosis

1. Introduction

Transdorming growth factor-beta {TGF- ) was dscovered as a versatile cytokine with
bath pathological and physiological functions. The main soforms of the TGF- 5 family,
TGE-1, TGF P2, and TGF-£3, show different blological activities [1,2]. Interestingly,
only the promoter region of TGF-A1 can be activated dizectly by different trans-activating
proteins such & reactive oxvigen spedies (ROS), plasmin, and acid due to lts muliple
regulatory sites [3], highlighting its pletotropic nature in fibrogenesis, carcinogenesis,
immune madulation, cell proliferotion, and differentiation [4.5).

The modecular pathways of TGF-§ signaling have been studied extensively In vasious
blological processes, Induding proliferation, differentiation, and apoptosis [0). TGF-p
signaling causes different downsteam actions in a context dependent maneer, especially
n cancer., It plays a dual role, being both a tumor sappressoe in pee-malignant cells and
a tumor promoter in cancer cells, respoctively [7]. Cancer colis are ablo to inactivate the
tumor suppressive components of the TGF- B /Smad signaling through acquined mutatkins,
while the tumar suppressive effects can exert selective pressure on the Ignant
oels 5] Indeed, cancer cells can also use the pleiotropic nature of TGF-§ signaling and its
downstream mediators to escape from the anti-lumee Immumnity by ceating an lmmuno-
suppressive tumor microenviconment (TME) [5,9]. The TGF- /Smad pathway mediates

Mt | Ml S 2020, 27, TN hetpec/ Sk angd 10T QR 14T
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Abstract: Renal [racis B a commoan fab ol chromde kidoey diseasis. Esergivg cdadiss supgpost
that urcolved inflammation will progescivily ras ke (s fbacais that finally fesuilts inoan
irreversible end-stage renal disesse (ESRED, Renal inflammation memiiis and achivates ammmeocytes,
which I.-l.qg‘ﬂ'!.- et lissae soarring af thie diseassd Lidlh:-!,l |I'I'||'H"l'|d1|!|!|.'. ekviclins Tuave m:“gﬁlﬁt
a cruckal mole of inate immundey n the pathologse basis of Kidney diseases, This reviesy provides
an update of bath clingcal and experlmental indormation, focused o how innate immune sgnaling,
contribbes o fenal fibpogerssis. A belter imdersianding of the underlying mechaisms ey ancover
a movel Rherapewtie sieategy for ESEL,

Kywords: chrande kidmey disease; msroenwinammend; kldoey fibresis; macmophage—myofibroblast
frarsation; mflammation

1. Intraductinn

Chronie Kidney discase (CKD is an cmerging cause of morbedity and mostality worldwade.
The global estimated prevalence of CKDNs 13.4% {11.7%-13.1%] 1], afecting 26-30 million adults in the
Uit States | 2], 120 milkien adialts o China, and causing, renal replecement of 4,902 1w 7083 million
patients. CED defimes az abmormalities of kidney strucione or function cansed by primary and
secondary glomerular diseases, including glomeralonephrits, byperbenston, and diabetic meflitus |1,4].
Motably, cffective TED treatment is stll wnavailable.

Glomeruzlosclerasts and tubulointerstiial Rheosis are core manifestations of CEKD, considened
as the commipn fabe of most chnomic and progressive nephropathies povarnd end -stage renal disease
(ESEDN. In glomerudosclenoss, mesangial and endothelial cells play an important role in extracellular
mtris (ECS ) pm’]urlmn h:.l forming myuadfibroblazes [5]. In contrast renal tubular :Ipl!l'h;'tial colks amd
infilkrating immuracytes largely comtribute fo the BOM formation im tububsintersttial fibross [i=<10].
1% tsconceivable that glemenibosclereses and tubulsnterstitial fbrosis share similar discase mechansms
with minar differences. In general, collagen type Iy dr.'ptmil:.s. in the mesangial Inter=titial Apane anat
manifests as nodular rhang,cﬂ in the Ell:u'nurul.'i. whereas collagen brpo 1 drpnﬂibl. and manifesis as

I, ) Ml Sci 3008 I, 405 doi 103390 jre X E1401S i el o e L imis
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Abstract

Transforming growth factor-f8 (TGF-f) signaling is an important pathway for promoting the pathogenesis of
inflammatory diseases, including cancer. The roles of TGF-f signaling are heterogeneous and versatile in
cancer development and progression, both anticancer and protumoral actions are reported. Interestingly,
increasing evidence suggests that TGF-f enhances disease progression and drug resistance via
immune-modulatory actions in the tumor microenvironment (TME) of solid tumors. A better understanding
of its regulatory mechanisms in the TME at the molecular level can facilitate the development of precision
medicine to block the protumoral actions of TGF-f in the TME. Here, the latest information about the
regulatory mechanisms and translational research of TGF-[ signaling in the TME for therapeutic development
had been summarized.

Keywords

Transforming growth factor-f3, tumor microenvironment, cancer, immunity, cancer immunotherapy

Introduction

Transforming growth factor-B (TGF-f) cytokine superfamily is composed of highly pleiotropic molecules,
including TGF-f, activin, inhibin, bone morphogenetic protein (BMP), etc., which are important for regulating
tissue inflammation, fibrosis, cell apoptosis, and proliferation [1]. TGF-B1, 2, and 3 have been defined as three
isoforms of TGF-f3 in mammals [2]. They have been encoded as precursors with 70-80% homology and control
© The Author(s) 2023. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution

and reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
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http://crossmark.crossref.org/dialog/?doi=10.37349/etat.2023.00137&domain=pdf&date_stamp=2023-04-28
陳
Highlight


o 7@§%k$$§0ﬁ&§0¥k§

£ The 7th Hong Kong University Student Innovation and Entrepreneurship Competition

Centigicate o Auward

Chung Jeff Vat Fai
Chan Max Kam Kwan SE—IE R

awarded the Frist Prize of

Life Sciences of the Competition. AR EDNR -8

Project: A Novel Neutrophil-based Anticancer Immunctherapy: BE: —BERPH AR RA RS SR | SH0-TAN
S3IKO-TAN

MAY 2021 “¥ " —%hA

R g Ooganiinthon AMEBN Co-arganionr LA Orgarizer

osiet  mstef Yyt BRE-RRGS

AW e LA u-o.-
IIIIIII



AL 0 0 oS 0 s S G e s s S WWWHWWMH

D

FRIZBIEF o

¢—E g ]
fRffImfES (— A TP Bmnirdang 24 7% SSKO-TAN ) fE
+Lha “BEARA” R b AR B EE o T T b ek

i1 20 : 7 48 A

. 2021-TZB17-MA11236H-1F1BB7

L T L R R AR )




DIPLKOME

f

N

ventions
eneva

SALON
INTERNATIONAL
DES INVENTIONS

GENEVE

Aprés examen, le Jury o décidé

de remettre & Patrick Ming-Kuen TANG, Hui-Yao LAN, Jeff Yat-Fai Chung,
Philip Chiu-Tsun TANG, Max Kam-Kwan CHAN

pour linvention: A Novel Neutrophil-based Anticancer Immunotherapy
MEDAILLE DE BRONZE
BRONZE MEDAL Genéve, le 28 mars 2022
BRONZEMEDAIILE

e

-

le Prégdent du Jury: Dovd |v1p le Présiclent cu Sofore Jean-Luc Vincent




CEEFICTAL £COMMERT N

GRANT AGREEMENT

THIS AQREEMENI (the ' Agecomenl™] 18 daleg fesde an:

1 July 2022

FARTIES

FARTICLL ARS PAGE

(1) HONG RONG SCIENCE AND 1 ECIINOLOGY PARKS CORPORATION (% BHE 470, a
Rfpation formed Leder [ Hong Wong Sgioncs and Tachnolegy Parka Curporalion
tardingance (Cap. 565, of 57, Bulding SE, Heoedg Kong Scisace Fark, Shalie, Maw Terrilarles
Hong Korey (' Granter™); and

(21 Tha perquniarege-atlun dreedionad baloy (“Grontas").

WHERRAS

Thu Grantor ollars p pre-ncuhation suppart programme for tochdocused snirepraneyrs
kiravia a5 IDEATION (the "Programme'™, The Granles withes lo peetlicipate Lo iy Programiine
and tho Grantor 13 willlng to adnilt the Grenios into the Frogramme in accordance wilh (he
teriny and conditlona of ihls Agragmant,

liv conslderation of fhe nuual pramises and covenanis corlalned n this Agresment, the
Gremtor and GGrantes hereby Ageen o anler nbo thie Agrerment with s folowing porticulars
and agraa te ebldo by 1ha forms end cemdlilans allached haratg.

1. . Mome of
Porzonicorperalion

4, | Addroes/Reglslored
allico

AN AR BN b

“Raorn W0 5F . Block B, am Parg |ouse, Kae Tal Gomd, B O
! Shan, Mawe Talritins, =g #ong

3. | Incubalap Contre

| Lion ek 72 a0 Ircenanive LILT7 )

4. Arogremits Farlud

- — —_— i

12 menihs cnr'i“ﬁnﬂ_nn:lng frorn 1 July 2632 10 20 June B0 imol |
rlEgs inedLisive).

5 | Gl

|dardiinL EFTIEHTE

The nrants e svaiiahle oy e Granlor 16 e Greries pursiaa
[0 thts Miareraran|

| TI_TI5._W1_B1 5H (4,04

BMizctive Dinle: [ Des i3]


陳
Highlight

陳
Highlight


$+=m “HeAs

 pEXZEENLINSE

% 3ZiE B
a #4—-9% TR MG FEZ
fr (1) MW ( FAPEN ST IRESH N - AANG B

EE+=R“ PO " hEc 2Ll S Eh SR

fh 3L

ieSEm: Fan
FEOMAEE, LAZRERD,

iR REETHR. SRE. ANEFHEENE. PER. 2BFR. RS ARR

e ERMBTAST. REEIERHTE, EEHEWLUE AR R

bl PEHEEFRAY, BEFEAY. EATHAY. fnpESLCY

GER: EHEEERRLE. RUTEHEIRARRLE. ESTEERLE. EREFEEERET




SO ESEABLEREEAE

The 8™ Hong Kong University Student Innovation & Entrepreneurship Competition

i ik
Certificate of Award
%% aif B This is to certify that
A 3 4F — 1B %_- i B Chan Kam Kwan, Chung Yat Fali, Li Siu Fan Jane
s : - awarded the Second Prize of
ﬁgﬁ ifﬁ*‘—l-@ —-%& Life Sciences in the Competition

AAPELSYHERRERHEM . AANG

AANG: A Chinese Medicine Derived Natural Compound Formula for
Overcoming Multidrug Resistance

11 - 2022

Wi M® Funding Qrganicstion S MM Co-nrganider ; ZWE S Cegan

Rt el T D T o) ;:3’" Eii-ﬂiﬂiﬁ!

Irezgapiien and Tq-l_-hnn-l.ug-p Enrmiiuan ".u'l:ll—l.'.lr-l l:l-rr-l:l.ﬂ
llllllllll



b 13

“IIFME

e

M""" F Inlnmulimd Invention Fair in the Middle East
caiigQlltaglell ez alill gl g3 il o5 Cilehy i 300, ga M yopco I

KUWAIT SCIENCE CLUB

February 12 < 15, 2023

Kuwait Science Club
Under the F’atrnnage of His Highness the Amir of the State of Kuwait
(herlits .- rr.r.-"n-y" - homad - Faber - - bt
hereby awards BRONZE medal to
TANG Ming Kuen Patrick, CHUNG Yat Fai Jeff, CHAN Kam Kwan Max

in recognition of excellence to invent

A Novel Neutrophil Anticancer Immunotherapy S3KO-TAN

showcased at the fair held on February 12 - 15, 2023

Talal Jassim Al-Kharafi
Chairman of Kuwait Science Club
Head of Higher Commit




DIPLOME

-

ventions
eneva

SALON
INTERNATIONAL
DES INVENTIONS

GENEVE

Aprés examen, le-Jury International a décidé

te remetra & Prot. Patrick Ming Kuen TANG, Dr. Max Kam Kwan CHAN,
Cr. Philip Chui Tsun TANG

pour Vinvention | EDC-T : Une immuncthérapie & base d'lA pour les cancers solides

MERAILE Y ARCET
SIVER RAELIAL
SIEERMEDAILE

Gengve, e 12 oml 2025

& Présctant ey Soan Jean-lue Vincent

~N




a3 e

-
o

4N

CERTIFICATE OF AWARD

fEmBIR: —MEXNTAENFESY T @ETE

EPEERAZEFAR (2023) hEHEL
SRFE: RN, =R, SRR, FRE
IESHUH: XBEER

FIrE{

HEEL. PRELEED. PRPED. BEREBHES.
TAFEEHER. ADERTSEERD. RAVARFED.
PERZER. PEIER. BxRMNRENE. BX
B . HEEGFR. KEWARHHA

= i —




o
N

971.@*% 5 B+
B B35 B 8 A R

)

PRE I =R DFR REE

SHER  —ENERENHESH T MRFE

s

_  EANR{THERRNN:

“Zoy ERN-ARGR

Hazag Hew Gareralion Cutersl Asnscislion
o iran ERAEE

1€



EOBEEEABERIF RAIEAS

The 9ih Hong Kong University Student Innovation and Entrepreneurship Competition o

CERTIFICATE OF AWARD

%% gk B4 This is to Certify that
il AR B0 BREE Chan Kam Kwan, Ji Zeyuan, Li Siu Fan Jane

Chan Lok Yiu
BB EapE —F8 {is% GAlxRpaR Ln $3 ¢ Chmpetitine
—EBHHERENHESH T HARRE

A Novel and Highly Effective T Cell Therapy for Solid Cancers

WM N Funding Organization: B ANCc-organlzer: 2 MEL Organizer:

Tumman  pomof Cdrt BAE-RNIE

Ireverentrne ard Tertralagy Commipson Wiy M Ceiorsyen Callarn! Aasoaiais
LU Ll LT

i,






