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Research Progress Summary

Dietary fat intake is associated with increased 
risk of colorectal cancer (CRC). In this study, the 
team led by Jun Yu examined the role of high-fat 
diet (HFD) in driving CRC through modulating 
gut microbiota and metabolites. They found 
that HFD promotes colorectal carcinogenesis in 
CRC mice models, an effect that was attenuated 
by antibiotics treatment, suggesting that the 
microbiota underlies HFD-induced CRC. Next, 
metagenome sequencing revealed that HFD 
triggered a significant shift in the microbiome 
composition in HFD-fed mice. Pathogenic 
bacteria Alistipes sp. Marseille-P5997 and 
Alistipes sp. 5CPEGH6 were increased while the 
levels of probiotic Parabacteroides distasonis 
was depleted. Moreover, microbial dysbiosis 
was associated with compromised gut barrier 
function in HFD fed mice. Faecal microbiota 
transplantation of HFD-fed mice stool to germ-
free mice was found to accelerated chemically-
induced CRC, confirming the functional role of 
dysbiosis in HFD-induced CRC development. 
Finally, metabolomic analysis demonstrated that 
the gut metabolite lysophosphatidic acid was 
elevated with HFD fed mice. Lysophosphatidic 
acid was found to promote CRC growth and 
impair gut barrier function. In summary, their 
work showed that gut dysbiosis as a crucial link 
to diet-induced CRC. (Gastroenterology, 2021)

Gut microbial dysbiosis has pivotal involvement 
in CRC. The team is the first to report a 
comprehensive mapping of the intratumoural 
gut microbiome heterogeneity in CRC patients. 
To this end, they collected multiple biopsies 
(N=436) from patients with CRC (N=36) or 
adenomas (N=32), with 2-6 samples from 
each tumour plus 2-5 biopsies from adjacent 
normal tissues for each patient. They then 
performed microbial genome sequencing on 
these samples, and discovered that there are 
substantial differences in intratumoural microbial 
communities even within the same tumour. In 
particular, abundances of some CRC-associated 
pathobionts (eg, Fusobacterium, Bacteroides, 

Parvimonas, and Prevotella) were found to be 
highly varied within a single neoplasia. Moreover, 
they found that the intra-neoplasia variation 
in abundance of individual microbes changed 
along the adenoma-carcinoma sequence. They 
also observed that tumour intrinsic factors 
KRAS mutation and microsatellite instability 
were correlated with of intratumoural microbial 
heterogeneity. Their work thus shed light on 
the impact of microbial heterogeneity on CRC 
development. (Gastroenterology, 2021)

Recently, there is a great interest in utilising 
beneficial microbes for the prevention of cancer. 
Using faecal shotgun metagenomic sequencing, 
they identified Lactobacillus gallinarum as a 
commensal bacterium that is the most depleted 
in the stool of CRC patients as compared to 
healthy subjects. They thus hypothesise that 
it might be preventive against CRC. Indeed, 
the oral gavage of L. gallinarum was found to 
suppress CRC in ApcMin/+ and AOM-induced CRC 
mice models. In vitro studies revealed that the 
L. gallinarum culture-supernatant (5%, 10% and 
20%) concentration-dependently suppressed cell 
proliferation and colony formation of CRC cell 
lines, but had no effect on colon normal cells. 
Consistently, L. gallinarum culture-supernatant 
significantly promoted apoptosis in CRC cells 
and patient-derived CRC organoids, but not in 
normal colon epithelial cells. Using LC-MS/MS, 
they further identified that indole-3-lactic acid 
(ILA) as an active component of L. gallinarum 
culture-supernatant that was also enriched in the 
gut of L. gallinarum-treated mice. ILA displayed 
anti-CRC growth in vitro and inhibited intestinal 
tumourigenesis in vivo. Their study therefore 
identified a novel chemopreventive probiotic 
L. gallinarum that produces the antitumour 
metabolite ILA to prevent CRC. Sugimura N, 
Li Q, Chu ESH, et al. Lactobacillus gallinarum 
modulates the gut microbiota and produces anti-
cancer metabolites to protect against colorectal 
tumourigenesis. (Gut, 2021) 
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RNA N6-methyladenosine (m6A) is the most 
abundant RNA modification in the human 
and emerging studies have suggested that it 
plays a critical role in tumourigenesis. They 
therefore investigated that role of YTHDF1, a 
m6A reader, in colorectal tumourigenesis. In 
multiple patient cohorts, YTHDF1 DNA copy 
number gain is a frequent event in CRC and 
contributes to its overexpression, and the 
overexpression of YTHDF1 is significantly 
associated with metastatic gene signature in 
patient tumours. YTHDF1 knockout in mice 
dampened CRC development,  whereas 
YTHDF1 overexpression promotes cell growth 
in CRC cells and primary organoids, and lung 
and liver metastasis in vivo, thereby confirming 
the oncogenic role of YTHDF1 in CRC. 
Integrative multiomics analysis identified RhoA 

activator ARHGEF2 as a downstream target 
of YTHDF1. YTHDF1 binds to m6A modified 
ARHGEF2 mRNA result ing in enhanced 
mRNA translation. ARHGEF2 activated RhoA 
signalling, cell growth and metastatic ability. 
Finally, ARHGEF2 siRNA delivered by LNP 
significantly suppressed tumour growth and 
metastasis in vivo. They thus identified a novel 
epitranscriptome YTHDF1-m6A-ARHGEF2 
axis that drives CRC, and validated the 
therapeutic potential of targeting this axis in 
CRC. (Gastroenterology, 2021)

Cancer stem cells (CSCs) comprise a tiny 
portion of the growing tumour, but they are 
highly tumourigenic cells essential for tumour 
maintenance and a root cause of therapy 
resistance and tumour relapse. Targeting of 
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Molecular Mechanisms of Colorectal Cancer: CSCs might therefore an attractive approach 
to eradicate tumours and prevent tumour 
metastasis. Here, the team performed CRISPR/
Cas9-based dropout screening (Epi-Drug sgRNA 
library) to identify genes that are specifically 
essential in CSCs. Using two CSCs models, 
they revealed 44 essential genes for CSC 
growth, including genes involved in cholesterol 
biosynthesis (HMGCR, FDPS, and GGPS1). 
Accordingly, genetic or pharmacological 
inhibition of cholesterol biosynthesis genes 
HMGCR or FDPS impaired sel f - renewal 
capacity and tumourigenic potential of spheroid 
models in vitro and in vivo. Effect of HMGCR or 
FDPS inhibition was rescued by cholesterol and 
geranylgeranyl diphosphate (GGPP), suggesting 
that cholesterol related metabolites contribute to 
CSCs survival and growth. Finally, they showed 
that the combination of cholesterol biosynthesis 

blockade and chemotherapy were synergistic 
in suppressing CSCs in vitro and in vivo. their 
data suggest that cholesterol biosynthesis as 
a potential target for CSCs-based therapy. 
(Oncogene, 2021)

Using whole genome sequencing, the team 
have previously identified the amplification 
of Ring finger protein 6 (RNF6), a RING-
domain E3 ubiquit in l igase, CRC. In this 
study, they further generated a colon-specific 
RNF6 transgenic mice, and demonstrated that 
the colon-specific overexpression of RNF6 
promotes the development of chemically-
induced CRC in mice. To elucidate the molecular 
mechanism of RNF6 as a transcription factor, 
they next performed integrated chromatin 
immunoprecipitation (ChIP)-sequencing and 
RNA-sequencing to identify SF3B2 as the target 
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American Gastroenterology Association 
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International Cancer Microbiome Consortium, UK
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China Medical Women’s Association Division of 
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Hong Kong Scientist Association
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International Cancer Genome Consortium, USA

American Association for Cancer Research, USA
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of RNF6. Knockout of SF3B2 abrogated the 
effect of RNF6 overexpression on CRC cell 
growth and migration/invasion, verifying SF3B2 
as a functional target of RNF6. Targeting of the 
RNF6-SF3B2 axis with pladienolide B (SF3B2 
inhibitor) suppressed the growth of RNF6-
overexpressing CRC cells and potentiated 
the effect of 5-fluorouracil, leading to tumour 
regression in xenograft models. Their findings 
suggest RNF6-SF3B2 axis as an actionable 
target in CRC. (Oncogene, 2021) 

Metabo l i tes  p lay  an  impor tan t  ro le  in 
the etiology of l iver diseases, including 
hepatocellular carcinoma (HCC). To investigate 
this, the team has analysed two independent 
patients with 102 HCC patients and 100 
healthy controls. Portal/central vein serum, liver 
tissues, and stools samples from these subjects 
were subjected to global metabolomic profiling 
analysis. Detailed metabolomic evaluation 
showed distinct clusters of metabolites that 
differentiate HCC and control individuals 
(p<0.001). HCC patients had higher levels of 
portal vein serum and HCC metabolites of DL-
3-phenyllactic acid, L-tryptophan, glycocholic 
acid and 1-methylnicotinamide than healthy 
controls, which were associated with impaired 
liver function and poor survival. On the other 
hand, HCC patients had lower levels of linoleic 
acid and phenol in portal vein and stool 
samples than healthy controls. Linoleic acid 
and phenol significantly inhibited HCC cell 
proliferation, inferring their anti-HCC function. 
They thus identified key metabolites could be 
involved in hepatocarcinogenesis in humans. 
(Gut, 2021)

Nonalcoholic fatty liver disease (NAFLD) is 
now the major cause of liver disease and a 
healthcare burden worldwide. In this study, 
the team identified a novel gene, Squalene 
Epoxidase (SQLE) as the driver of NAFLD that 
is highly up-regulated in human NASH and 
mouse models of NASH. Using a novel SQLE 
transgenic mice model, they demonstrated 
that SQLE overexpression in mice triggered 
spontaneous insulin resistance, hepatic 

steatosis, liver injury, and accelerated diet-
induced NASH. Mechanist ica l ly,  SQLE 
caused hepatic cholesterol accumulation, and 
triggered inflammatory NF-κB signalling and 
steatohepatitis. Moreover, SQLE directly binds 
to CA3, which in turn promotes de novo hepatic 
lipogenesis by inducing sterol regulatory 
e lement-binding protein 1C act ivat ion. 
Combined targeting SQLE (terbinaf ine) 
and CA3 (acetazolamide) synergistically 
ameliorated NASH in mice with better efficacy 
to either drug alone. Lastly, serum SQLE with 
CA3 could distinguish patients with NASH from 
steatosis and healthy controls, thus confirming 
their clinical relevance. (Gastroenterology, 
2021)

Non-alcoholic steatohepatit is (NASH) is 
a severe form of NAFLD associated with 
inflammation and hepatocyte damage, which 
could progress to cirrhosis and HCC. The 
development of NASH is closely related to the 
hepatic immune microenvironment. Natural 
Killer (NK) cells are a major immune cell type 
found in the liver; however, its role in NASH is 
unknown. In this study, they investigated the 
contribution of NK cells to NASH using NK-
deficient mice (Nfil3-/-). Absence of NK cells 
ameliorated diet-induced NASH models with 
significantly reduced liver inflammation and 
damage. Mechanistically, they found that NK 
cells isolated from NASH liver secreted high 
levels of pro-inflammatory cytokines to induce 
hepatic JAK/STAT1/3 signalling, leading to 
increased oxidative damage and apoptosis. 
The neutralization of NK cells with PK136 
antibody suppressed NASH development 
in mice model, suggesting that modulation 
of NK cells provides a potential therapeutic 
strategy for NASH. (Cellular and Molecular 
Gastroenterology and Hepatology, 2021) 
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Jun Yu

Funding to Support 
State Key Laboratory of 
Digestive Diseases

Innovation and 
Technology 
Commission – 
Innovation and 
Technology 
Fund

2018 Current 10,000,000

Exploiting 
Epitranscriptome 
Dysregulation 
in Colorectal 
Carcinogenesis and 
Metastasis: Mechanisms 
and Novel Therapeutic 
Approaches

Research
Grants Council 
– Collaborative 
Research Fund 

01/07/2020 30/06/2023 6,158,384

Evaluation of SQLE as a 
Novel Therapeutic Target 
in Non-alcoholic Fatty 
Liver Disease

Food and
Health Bureau 
– Health and 
Medical
Research Fund

01/07/2020 30/06/2023 1,498,772

Elucidating a Novel 
Tumor Promoting Gene 
Ring Finger Protein 6 in 
Colorectal Cancer

Research 
Grants Council 
– General 
Research Fund

01/01/2018 30/06/2021 1,229,089

The Role and Mechanism 
of Methylation 
Modification and Its 
Regulatory Genes in 
the Development of 
Colorectal Cancer

National 
Natural Science 
Foundation of 
China

01/01/2020 31/12/2023 RMB 
2,000,000

Molecular Pathogenesis 
of Hepatitis B Associated 
HCC

Guangdong 
Natural
Scientific 
Funding

01/05/2018 30/04/2023 RMB 
3,000,000

Prospective of Colorectal 
Cancer Screening 
Biomarkers and 
Population Gradient 
Screening Programs

National Key 
R&D Program of 
China 

01/09/2018 31/12/2021 RMB 
9,000,000

Translational Cancer 
Genomic

Gordon 
Research 
Conference

01/05/2019 30/04/2021 USD 
20,000

Function of the Immune 
Receptor Regulator DOK1 
in Therapy Response of 
Gastric Cancer
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Hong Kong 
Joint Research 
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Defining the Role of RNA 
N6- Methyladenosine 
Writer Methyltransferase 
Like 3 (METTL3) in 
Colorectal Cancer

Research 
Grants Council 
– General 
Research Fund

01/01/2020 31/12/2022 1,532,422
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Jun Yu

Identification and 
Characterization of Genes 
and Microenvironment 
Factors Driving the 
Metastasis of Upper 
Gastrointestinal Tract 
Cancers

Research
Grants Council 
– Collaborative 
Research Fund

01/07/2019 30/06/2022 4,416,717

Exploiting Stemness as a 
Cancer Cell Vulnerability 
Using Hepatocellular 
Carcinoma (HCC) as a 
Model System

Research
Grants Council 
– Collaborative 
Research Fund

01/04/2019 31/03/2022 6,990,790

Fighting Disease 
Recurrence and 
Promoting Tissue 
Repair after Liver 
Transplantation: 
Translating Basic 
Discoveries to Clinical 
Excellence

Research
Grants Council 
– Theme-
based Research 
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01/12/2019 30/11/2024 45,000,000

The Interaction of Key 
Intestinal Pathogens and 
Host Factors in Promoting 
the Development of 
Colorectal Cancer

National Key 
R&D Program of 
China

01/11/2020 30/10/2025 RMB 
22,000,000

Assess Antibiotic 
Resistome Flows from 
Pollution Hotspots to 
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Explore the Control 
Strategies

Research
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based Research 
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01/12/2020 31/11/2025 29,000,000

Regulation and 
Mechanism
of Tumor-intrinsic 
Oncogene Pathways 
in Mediating an 
Immune Suppressed 
Microenvironment in 
Hepatocellular Carcinoma

Research
Grants Council 
– Collaborative 
Research Fund

01/06/2018 30/06/2021 7,544,147

Dennis 
Wong

A Novel Epigenetic 
Therapy for KRAS-mutant 
Colorectal Cancer

Health and 
Medical 
Research Fund 
– Research 
Fellowship 
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Branched Chain Amino 
Acids (BCAA) Restriction 
to Alleviate Colorectal 
Cancer Metastasis
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Medical 
Research Fund 
– Research 
Fellowship 
Scheme
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Combinatorial Blockade 
of De Novo Cholesterol 
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as a Synergistic Therapy 
for KRAS-Mutant 
Colorectal Cancer
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01/01/2019 31/12/2021 971,368

Mitochondrial Glutamate 
Transporter (SLC25A22) 
Promotes the 
Tumorigenicity of KRAS-
mutant Colorectal Cancer 
through Regulating DNA 
and Histone Methylation

National 
Natural Science 
Foundation of 
China

01/01/2018 31/12/2021 RMB 
530,000

Huarong 
Chen

RNA N6- 
Methyladenosine 
Methyltransferase- like 3 
(METTL3) is a Potential 
Therapeutic Target 
for Immunotherapy in 
Colorectal Cancer

Health and 
Medical 
Research Fund 
– Research 
Fellowship 
Scheme

01/09/2021 31/08/2023 1,475,400

Publications
A. Journal Papers
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1. US Patent:  
 
 

2. China Patent: 
 
 

3. US Patent: 
 
 

4. China Patent:

• Inventors: Ka Kei Wu, Jun Yu
• Title: Use of Streptococcus Thermophilus for Treatment and Prevention of Colorectal Cancer
• Patent Application No. 62/799,162

• Inventors: Jun Yu, Ka Kei Wu, Qing Li
• Title: Probiotic composition for treating and preventing colorectal cancer
• Application No. 63/229,933

• Inventors: Ka Kei Wu, Jun Yu
• Title: 結腸直腸癌的治療性和預防性處理
• Application No. 202010077512.3 

• Inventors: Jun Yu, Ka Kei Wu, Qing Li
• Title: 用於預防和治療結直腸直腸癌的益生菌組合物
• Application No. 202111411744.9 

The microbial community within a colorectal tumour or precancerous adenoma is 
heterogeneous, and such heterogeneity is significantly correlated with adenoma-carcinoma 
sequence and CRC-associated genetic alterations (KRAS mutation and microsatellite 
instability). The findings have provided new insight for the contribution of gut microbiota 
heterogeneity in CRC progression.

Hepatocellular carcinoma (HCC) patients had distinct clusters of metabolites in portal and 
central vein serum, liver tissue and stool samples. In portal vein, Jun Yu and her team identified 
elevated and depleted metabolites signifying that they might play a role in HCC development.

Source: Liu W, Zhang X, Xu H, Li S, Lau HCH, Chen Q, Zhang B, Zhao L, Chen H, Sung JJY, 
Yu J. Microbial community heterogeneity within colorectal neoplasia and its correlation 
with colorectal carcinogenesis. Gastroenterology. 2021;160(7):2395-2408. doi:10.1053/
j.gastro.2021.02.020.

Source: Liu J, Geng W, Sun H, Liu C, Huang F, Cao J, Xia L, Zhao H, Zhai J, Li Q, Zhang X, 
Kuang M, Shen S, Xia Q, Wong VWS, Yu J. Integrative metabolomic characterisation identifies 
altered portal vein serum metabolome contributing to human hepatocellular carcinoma. Gut. 
Published online 2021. doi:10.1136/gutjnl-2021-325189.
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