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Research Progress Summary

g

Colorectal Cancer (CRC)

The team led by Professor Jun Yu is the first
to profile the Archaea composition of gut
microbiota in CRC. Using faecal microbiomes
of 2 large cohorts of patients with 585
participants (184 patients with CRC, 197
patients with adenomas, and 204 healthy
individuals). They revealed that the Archaea
profiles are distinct in faecal samples from

CRC, adenomas and healthy individuals, with
enrichment of halophilic together with the
depletion of methanogenic archaea in CRC.
In particular, the halophilic Natrinema sp.
J7-2 increased progressively in samples from
control individuals, to patients with adenomas,
to patients with CRC. With a panel of 9 archaea
species, they distinguished CRC patients

Principal Investigator

Professor Jun Yu

Team Members

Joseph Sung | Francis Chan | Henry Chan | Vincent Wong | Grace Wong |

Dennis Wong | Jennifer Zhang

from healthy controls with high sensitivity
and specificity. Collectively, they showed
that enteric archaea composition is altered
during CRC (Gastroenterology 2020).

The team investigated the role of the altered
gut microbiome in mediating promoter
hypermethylation, a hallmark of cancer, in
CRC. Integrative analysis of gut microbiome
composition (165 rRNA-seq] and methylation
sequencing identified a significant
association of gut microbiota with promoter

hypermethylation of tumour suppressor genes.
In particular, Fusobacterium nucleatum and
Hungatella hathewayi were identified as the top
two methylation-regulating bacteria, and their
abundance was correlated with CDX2 and MLH1
promoter methylation, respectively. Mechanistically,
they demonstrated that Fusobacterium nucleatum
and Hungatella hathewayi up-regulated expression
of DNA methyltransferase. Epigenetic dysregulation
thus represents a novel mechanism whereby gut
microbiota promotes CRC (Microbiome 2020).
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Gastric Cancer (GC)

Helicobacter pylori is associated with gastric
inflammation, pre-cancerous gastric atrophy
(GA) and intestinal metaplasia (IM]. In this study,
the team aimed to identify novel microbes
associated with gastric dysplasia one year
after H. pylori eradication. They analysed 587
H. pylori-positive patients treated with H. pylori
eradication therapy (N=295] or placebo (N=292).
Analysis of the microbial sequences revealed
that bacterial diversity was increased after H.
pylori eradication. Moreover, a distinct cluster
of oral bacteria comprising Peptostreptococcus,
Streptococcus, Parvimonas, Prevotella, Rothia
and Granulicatella were associated with the
emergence and persistence of GA and IM. This
study thus identified that gastric microbes
other than H. pylor/ contribute to gastric
carcinogenesis after H. pylori eradication (Gut
2020).

Non-alcoholic Fatty Liver Disease
(NAFLD]-associated Hepatocellular
Carcinoma (NAFLD-HCC)

NAFLD-HCC is an emerging malignancy in the
developed world. Here, the team established
a role of dietary cholesterol driving NAFLD-
HCC through modulating gut microbiota and
its metabolites. High dietary cholesterol led
to the sequential progression of steatosis,

steatohepatitis, fibrosis and eventually
HCC in mice, concomitant with insulin
resistance. Cholesterol-induced NAFLD-
HCC formation was associated with gut
microbiota dysbiosis, with the enrichment of
Mucispirillum, Desulfovibrio, Anaerotruncus
and Desulfovibrionaceae; while Bifidobacterium
and Bacteroides were both depleted in high-fat
high cholesterol (HFHC)-fed mice. Gut dysbiosis
contributed to metabolic alterations, including
increased taurocholic acid and decreased
3-indole propionic acid. The transplantation of
stools from HFHC-fed mice into germ-free mice
resulted in lipid accumulation, inflammation
and cell proliferation. Finally, they showed that
statin treatment could reverse gut dysbiosis
and prevented NAFLD-HCC development. They,
therefore, established a causative role of gut
dysbiosis in the development of NAFLD-HCC
(Gut 2020).

g
. The Application of Gut Microbiota in Cancer Diagnosis and Prevention

Gl Cancer Diagnosis

There is an urgent need for early detection
of CRC at the precancerous-stage adenoma
stage. In this study, the team identified a novel
faecal Lachnoclostridium marker suitable
for the diagnosis of adenoma. Using two
independent cohorts of 1012 subjects (274
CRC, 353 adenomas and 385 controls], they
showed that ‘m3’ from a Lachnoclostridium sp
was enriched in adenoma. Faecal m3 showed
better performance than £ nucleatum in
distinguishing adenoma from controls, whereas
F. nucleatum performed better for detection
of CRC. m3 also performed better than FIT in
detecting adenoma. Moreover, combining m3
with FIT improved sensitivity for an advanced
adenoma to 56.8%. A combination of m3
with £ nucleatum, Clostridium hathewayi,
Bacteroides clarus and FIT performed the best
for diagnosing CRC (specificity=81.2% and
sensitivity=93.8%). This study thus identifies a
novel bacterial marker m3 for the non-invasive

diagnosis of colorectal adenoma (Gut 2020).

Gl Cancer Prevention

1. Gut microbiota significantly contributes
to drug metabolism. In this work, the team
studied the impact of gut microbiota in the
chemopreventive efficacy of aspirin in mice
models of CRC. They utilised both genetic-
and chemically-induced CRC models, and
revealed aspirin is chemoprevention only in
mice treated with antibiotics, but not in mice
with intact microbiota. Concordantly, aspirin
also prevented CRC in germ-free mice, but
not in conventionalised germ-free mice.
Mechanistically, they showed that an intact
microbiota is associated with decreased
plasma levels of aspirin. They further identified
Lysinibacillus sphaericus as a key bacterium
that degrades aspirin. Germ-free mice fed
L. sphaericus had lower plasma levels of
aspirin than germ-free mice that were not
fed this bacterium. Increased abundance of
L. sphaericus also correlated with lack of

efficacy of aspirin in CRC models. Thus, they

showed that gut microbiota might interfere with
the chemopreventive effect of aspirin in CRC
(Gastroenterology 2020).

2. The team has identified a novel probiotic,
Streptococcus thermophiles, that is depleted
in CRC. Oral gavage of S. thermophilus
significantly reduced tumour formation in
both Apc™* and chemically-induced CRC
in mice. Co-incubation with 5. thermophilus
or its conditioned medium also reduced the
proliferation of CRC cells. Mass spectrometry
identified B-Galactosidase as a critical protein
produced by S. thermophiles. [B-Galactosidase
inhibited cell growth, lowered colony formation,
induced cell cycle arrest, and promoted
apoptosis of CRC cells. B-Galactosidase
mediates its effect via production galactose,
which interfered with energy homeostasis
to activate oxidative phosphorylation and
downregulate the Hippo pathway kinases, which
partially mediated the anticancer effects of S
thermophilus. In conclusion, S thermophilus
is a novel prophylactic for CRC prevention
in mice via secretion of B-galactosidase
(Gastroenterology 2020).
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Investigation of the Genetic and Epigenetic Mechanisms Underlying

the Pathogenesis of Gl Cancers

Mutant KRAS CRC is resistance to targeted
therapy and the development of novel targets
is an urgent need. Mutant KRAS promotes
glutaminolysis, a process that depends on
SLC25A22. Using colon-specific SLC25A22
knockout mice, the team demonstrated
that SLC25A22 is essential for colorectal
tumourigenesis of Apc""*Kras®'”® mice.
They showed that mutant KRAS cells
maintained a low ratio of a-ketoglutarate
to succinate via SLC25A22, resulting in
reduced 5-hydroxymethylcytosine-a marker
of DNA demethylation, and hypermethylation
at CpG sites. SLC25A22-associated DNA
hypermethylation resulted in the silencing of
WNT suppressors, which in turn, activate WNT
signalling and tumourigenesis. In particular,
WNT gene targets related to cancer stemness,
including LGRS, is down-regulated upon
knockout of SLC25A22 in KRAS-mutant CRC
cells, implying that SLC25A22 promotes cancer
stemness. Knockout of SLC25A22 in CRC cells
that express mutant KRAS increased their
sensitivity to 5-fluorouracil, validating this
gene as a potential therapeutic target in KRAS-
mutant CRC (Gastroenterology 2020).

RNA Né6-methyladenosine [mé6A] modification
has recently emerged as a novel regulatory
mechanism in cancer progression. They
aimed to explore the role of méA regulatory
enzyme METTL3 in CRC and its potential
as a therapeutic target. METTL3 was
overexpressed in 62.2% (79/127) and 88.0%
(44/50) of primary CRC from two independent
cohorts. High METTLS3 expression predicted
poor survival in CRC patients. Functionally,
silencing METTL3 suppressed tumourigenesis
in CRC cells, human-derived primary CRC
organoids and Mettl3 knockout mouse models.
Mechanistically, METTL3 directly induced
m6A-GLUTT-mTORC1 axis as identified by
integrated mé6A-seq, RNA-seq, Ribosome-
seq and functional validation. METTL3 induced
GLUT1 translation in méA-dependent manner,
which leads to activation of mTORC1 signalling
and CRC development. Inhibition of mTORC1
potentiated the anticancer effect of METTL3
silencing in CRC patient-derived organoids and
METTL3 transgenic mice. METTL3 is thus a
promising therapeutic target for the treatment
of CRC (Gastroenterology 2020).
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METTLS3 is an essential méA regulator enzyme in colorectal carcinogenesis. METTL3 promotes CRC initiation and
progression through inducing a novel mé6A-GLUT1-mTORC1 axis. High METTL3 expression is associated with poor survival of
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* Publication Date: 23 January 2020 CRC patients. Co-targeting of METTL3 and mTORC1 synergistically suppressed colorectal carcinogenesis.
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Prolonged high dietary cholesterol induces spontaneous and progressive development of NAFLD-HCC in male
mice by modulating the gut microbiota. Cholesterol induces increased TCA and decreased IPA through gut
microbiota alteration, thereby promoting lipid accumulation, cell proliferation in the liver, leading to NAFLD-
HCC development.

Source: Zhang X, Coker OO, Chu ESH, Fu K, Lau HCH, Wang YX, Chan AWH, Wei H, Yang X, Sung JJY, Yu J.
Dietary cholesterol drives fatty liver-associated liver cancer by modulating gut microbiota and metabolites. Gut.
2020;0:1-14. doi:10.1136/gutjnl-2019-319664.






