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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-𝜷1/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-𝜷1/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
CAF signatures in MMT cells at genomic level. Importantly,
macrophage-specific genetic deletion and systemic pharmacological
inhibition of TGF-𝜷1/Smad3/Runx1 signaling effectively prevent MMT-driven
CAF and tumor formation in vitro and in vivo, representing a potential
therapeutic target for clinical NSCLC.
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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.[1] Cancer cells are het-
erogeneous, versatile, and adaptable, lead-
ing to primary and secondary resistance.[2]

Therapies that target tumor microenvi-
ronment (TME) show promise as cancer
growth, invasion, and metastasis rely on
stromal conditions.[3] 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.[4] Better understanding the
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TGF-β signaling networks in the tumor microenvironment 
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A B S T R A C T   

Transforming growth factor-β (TGF-β) signaling shows important roles in both physiology and pathology, 
especially in the progression of inflammatory diseases including cancer. Interestingly, TGF-β was first reported as 
a cancer suppressor, but increasing evidence confirmed its protumoral actions. Paradoxically, TGF-β 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-β 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-β 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-β 
signaling in cancer cells and the TME and discussed their translational implications for cancer.   

1. Introduction 

Transforming growth factor-β (TGF-β) 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-β, activin, inhibin, and bone morpho
genetic protein (BMP) etc, where TGF-β1 is almost ubiquitously 
expressed in mammalian tissues [4]. TGF-β 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-β 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 

TGF-β show regulatory roles in both cancer cells and tumor microenvi
ronment (TME) [9,10]. Importantly, genetic and pharmaceutical 
disruption of TGF-β 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-β 
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-β 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-β signaling in cancer cells 

TGF-β 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

Jeff Yat-Fai Chung 1,11, Philip Chiu-Tsun Tang 1,11, Max Kam-Kwan Chan1,11,
VivianWeiwenXue 1,2, Xiao-Ru Huang3, Calvin Sze-HangNg4, Dongmei Zhang5,
Kam-Tong Leung 6, Chun-Kwok Wong 7, Tin-Lap Lee 8, Eric W-F Lam 9,
David J. Nikolic-Paterson10, Ka-Fai To 1, Hui-Yao Lan 3 &
Patrick Ming-Kuen Tang 1,11

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-β1/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-typemice to anN1 state in Smad3-KOmicewhich associatewith 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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Abstract 

Diabetic nephropathy (DN) is a major cause of end-stage kidney disease, where TGF-β1/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 HbA1c, 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-κB-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 β 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 582.5 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-β (TGF-β) is a crucial pathogenic mediator of inflammatory
diseases. In tissue fibrosis, TGF-β regulates the pathogenic activity of infiltrated immunocytes and
promotes extracellular matrix production via de novo myofibroblast generation and kidney cell
activation. In cancer, TGF-β promotes cancer invasion and metastasis by enhancing the stemness
and epithelial mesenchymal transition of cancer cells. However, TGF-β is highly pleiotropic in
both tissue fibrosis and cancers, and thus, direct targeting of TGF-β 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 (lncRNAs) in TGF-β-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
TGF-β-associated lncRNAs in tissue fibrosis and cancer will be discussed.

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

1. Introduction

Long non-coding RNAs (lncRNAs) 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, lncRNAs and miRNAs are two major
classes of ncRNAs that participate in the pathogenesis of cancer and fibrotic diseases, as
dysregulation of lncRNAs and miRNAs interferes with the control of crucial biological
processes, including cell proliferation, apoptosis, and extracellular matrix homeostasis [4,5].
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Abstract
Transforming growth factor-β (TGF-β) signaling is an important pathway for promoting the pathogenesis of 
inflammatory diseases, including cancer. The roles of TGF-β signaling are heterogeneous and versatile in 
cancer development and progression, both anticancer and protumoral actions are reported. Interestingly, 
increasing evidence suggests that TGF-β 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-β in the TME. Here, the latest information about the 
regulatory mechanisms and translational research of TGF-β signaling in the TME for therapeutic development 
had been summarized.

Keywords
Transforming growth factor-β, tumor microenvironment, cancer, immunity, cancer immunotherapy

Introduction
Transforming growth factor-β (TGF-β) cytokine superfamily is composed of highly pleiotropic molecules, 
including TGF-β, activin, inhibin, bone morphogenetic protein (BMP), etc., which are important for regulating 
tissue inflammation, fibrosis, cell apoptosis, and proliferation [1]. TGF-β1, 2, and 3 have been defined as three 
isoforms of TGF-β in mammals [2]. They have been encoded as precursors with 70–80% homology and control 
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