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Hepatocellular carcinoma (HCC)

Estimated new

cases

Lung & bronchus
0G5, 200
Prostate
903,500

Colon & rectum
663,600
Stomach
540,600

Esw'vaqus

326,600
Urinary bladder
297,300
Non-Haodgkin lymphoma

199,600
Leukemia
195,900

Oral Cavity
170,900

All sites but skin
5,629,100

Estimated new

death

Lung & bronchus
951 000

Stomach
464 400
Colon & rectum
320,600
Escphagus
276,100
Prostate
258,400
Leukemia
143,700
Pancieas
138,100
Urinary bladder
112,300
Non-Hodgkin lymphoma
109,500
All sites but skin
4 225,700

(EI-Serag and Rudolph 2007)



* Current Treatment:
* Hepatic resection and liver transplantation —

* limited by the underlying cirrhosis and poor - The number of
hephatHicCEeserve commonly associated with patients HCC related
wit

deaths almost

* Local ablation treatment (PEI, RFA) equals the no. of

* only to patients who meet stringent specific criteria with — Céses being
tumors localized to the liver. diagnosed each
year
 Chemotherapy
* response rates are low due to the highly
chemotherapy-resistant nature of the disease - The 5-year
survival rate is
. . . ’ 0
* HCCis c[earIK a disease for which below 9%.
alternative therapeutic modalities must be
developed.
. . Standard
Chemotherapy drug Probiotics treatment involve
R — . high cost. A
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cheaper way to
prevent/treat this
disease is thus
warranted




1. Can probiotics modulate risk
factors of liver cancer?

2. Can probiotics modulate liver
cancer development and/or
progression?



Probiotics and risk factors of
liver cancer

(1995-2007)



Risk factors for HCC

* Viral
Chronic hepatitis B
*Chronic hepatitis C

* Preexisting liver disease
Cirrhosis
-Metabolic liver disease
-Alcohol abuse
Adenoma

« Environmental
*Aflatoxin
Contraceptives and androgens



The aflatoxins

* Turkey "X" Disease

* Fungal infection by
Asperagillus flavus and
Asperagillus parasiticus

* Primary contamination

* High energy content
foods e.g. grain, nut
and soy products

 Secondary contamination

* Dairy products, meat
& eggs
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Commodities in which aflatoxins
have been detected

Flour

Corn meal
Peanut

Meat pies
Milk
Cottonseed
Cassava
Brazil nuts
Oilseeds
Pumpkin seeds

Cocoa
Cheese
Sausage
Bread
Macaroni
Copra

Cooked meat
Pistachio nuts
Rice

Soy




Prevalence of 249 S¢r p53 mutation — Aflatoxin Exposure
Incidence of Hepatocellular Carcinoma

(Total number of cases: ~ 1000)
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Chronic hepatitis B together with exposure
to dietary aflatoxins increases the risk
of liver cancer

o
o

H
o

Relative Risk
of primary liver cancer

nN
o

0- ' an 0 risk
(HBsAQg) (urinary aflatoxins  factors
biomarkers)



Blocking/reducing absorption of AFB; from
the small intestine

Aflatoxin Aflatoxin + blocker

Portal vein

()
N—

0

Liver

Small
intestine

Systemic

circulation
\T _/ L
Unabsorbed
aflatoxins Unabsorbed

aflatoxins



(to examine if the binding




Aflatoxin is bound by probiotic bacteria - in
vitro evidence

Bl L6

« Certain strains of B Lc705
lactobacilli are capable of B acido
binding up to 80% of AFB;, 10Q :
in vitro (El-Nezami et al, gasseri
1996, 1998a,b,c), Fusarium B Shirota
toxins (EI-Nezami et al, =
2002a,b, 2004), PhIP and “Na _ B IS
Trp-P-1 (Haskard et al, B E. coli

2001)

« AFB, is predominantly
bound to a carbohydrate
moiety on the surface of
the bacteria (Haskard et
al, 2002)

* The complex formed
between the bacteria and
AFB;, is stable under
different conditions 0 4 24 48 72

(Haskard et al, 2002, Lee . . _
et al, 2003) Period of incubation
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The American Jowrnal of Clinical Nutrition
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Probiotic supplementation reduces a biomarker for increased risk of

liver cancer in young men from Southern China

1—3

Fami S5 Ef-NVeoomid, Nekbfaria % Polychronaks, Jing Mo HNodian Shae, Weahoa Liag, Eaova K Salmisen, Riste OF favoaen,

Seppoe J Sglmiaen, Taijja Poussa, aad Hamne M Myikddeen

ABSTHACT

Backgrommd= In widre aed o wivo siodics sogoe=i thol selecied
strmins of probéolhc bacteria can Ffoom Eght comple oes writh aflatoxsn
H =nd othsr comcinngens.

WMhjective: The aim of the present stody was o delermuine whether
Eciministiratinn of probéolic baciens conld biock the intestinal ab-
sorption of aflatorin B, and thersbhy leod o medoced orinary =xoone-
ton of aflaioxin B,-MN-gunnins (AFE-N -guanine), o marker for o
hiclogically effiective dose of aflsoxin exposores. Elesoled nrinory
encrelEon of this aflatowrin-IFNNA addooct is sssocioled whith am in-
areased risk of liver canosr.

De=xignz MNensty healthy young men from Guangrhon, CThine, wers
mandomly mssigned b 2 groups; one groop eosived o merbeore of
et ilTner LIPS and Fropiomibac feriam foemden -
reichid subsp. sfermeanril stmins 2 time=id for 5 wik, and the other

Broup received s ploce bo prepamtion. The sobjects lel:l:l:l-d-m
sampikes: ab baseline. ot 3 onad 5 wik afber siarting the sopplermemiotion
mnd ml the end of the 5wk postintervenbon period.

Resulix: The perceniage o samples with nepoties AFF-MNT _gunanine
aroup diring the S-wk inlervention periosd] (odds @mtioc 263 & =
I O5ETE, and asiotiiically <ignifccant doorease in dhe oo noe ot o ol
L iy M'H—HT—gu.-:ll.n: was ohsesrved in the probictic growp. The
redoction was: 35S o werk 3 ond 55% of wesk 5. The goometric
means for the probbotc and placebo groups were 024 and 049 ng
AFR-MNT-guaninefmil ., respectively, during the mlervenibon period
[ = D005

Comclhusion @ S probéectic supploament edoces the biclogecally effec-
tirve: s of aflsdoxin =xposam: and moy thereby ofer an effective
dielary approach o decrease the risk of liver cancer. Am & i
Moty DOMGCES I IS99 HOE.

KEY "WilEIKsS FProbictic bacterio., aflaboxins, aflatoxin -7

Aflabowins, @ group of myootoxins prodsond by the oo rmesm
ungi Agperpilins favers amd Asgperpiiins pararitices, ore cstab-
lishod buman bopabecarcimogons (G—0) amd arc sscll-knaossm
O risk Faaciors when presenl in foodstafis {2, T Thoey play am
imperinml rolc in modifyimeg thc sk of yvwer cosoor assosciabed
with HAYW . &After broing membaolized in e liver, s oxin cam
bind o guamins im DA, resulting in mulabions 21 codom 249 of
itbes THF5F homeaowr supprossor gone (B In addiGon 1o being potene
carcinogoms, aflaloxins ans oylolboxio, and associnlioms bobesocm
childboesd aflabowin cxposure: and growith Rierang (9 —12) ond
roduwoed concemtrations of salivary Igsf (12 have boon repored.
This highEghis the mood b rodsos or o liomd made ox peossanrs to adlle-
toxim {13} The approssch o provont cxposure: 1o aflsdocins has
bocn tr cnsurc thal foods consumod have the lowost possibic
aflatoxin comconbimtions. Although this is achicyed im doeveloped
coumirics wia stricl fved regulations, il bes choarly Tadlcd as @
conitrodl memasure in devslopimg coanimics whore s problom is
meors cvidoml Additional preyonbon stralcgics, such as cheomo-
or diciarny provoniim, meod o b oonsdomod im the high-riske
mogisns of developimg oounircs. Thoses stralegics mood o be
covmploicly safc, incxpomsinve, amd mochamisticall v simple. Chee-
meopreyon bive agenbs Dolbipras and chlormph yllan i, wwhich redocoe
b burndcom of bhaamdnl aflstoxin meciabolies in the body, hase
boen studicd and shown 1o b paoilcmiiadly boencficial i tarpeied
gEroups (14, 155

Chur previouns work withh =250 stradins of lectc ocied boacborin
imolated Fromn cither dairy prodscis or boealth v buman miscrobsbotn
shoreerd thal 2 facfoboeciiilors rfseoymrasme oy siradns, 1 oC0CE and 17005
{boith possc=ssz probéotic proportics]], ssore the most efficiont
stradins im binding a mngs of myooborims, mcloding aflatoxins
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Probiotic intervention in China

ervention ¢
sampling

300 healthy Chinese men
screened for urinary AFM,

142 subjects had
detectable level of AFM,
in their urine

90 recruited based on
physician's examination
and blood chemistry

\{

The subjects were rando-
mized in two groups re-
ceiving either 2 placebo
or 2 probiotic capsules/d
for 5 weeks
*Bioprofit® containing 101°
cfu/capsule

Fecal, urine and blood
samples were collected at
baseline (day 1), and during
intervention (days 21 and
35). Additional fecal
samples were collected at
days 2,3,5.

v

Follow-up sample at day
70 (5 weeks after dis-
continuation of the
treatments)

Fecal and urinary
aflatoxin M; and Q,
concentrations were
measured by HPLC. AFB-

N7-guanine was used as a
validated biomarker for
reduction in HCC.

'
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Study days 1 2 3 5 21 35 70
(Baseline) (Probiotic/placebo) (Follow-up)



Probiotic supplementation reduces the urinar
excretion of AFB;-N’-guanine, a biomarker o
biologically effective dose of exposure to AFB;

0,7 1

—@— Probiotic
o @ ' Placebo

0,6

0,5 1
0,4 -

0,3 -

0,2

Urinary AFB1-N7-guanine (ng/ml)

0,1 . . . .
Baseline Week 3 Week 5 Follow-up

El-Nezami et al, Am J Clin Nutr, 2006



Probiotics and modulations of liver
cancer development and progression



Gut-liver axis

liver

portal vein

»ambihcal
vein

70% OF LIVER BLOOD
pancreas SUPPLY IS THE DIRECT

VENOUS OUTFLOW OF THE
4“ INTESTINE

....IVER IS CONTINUALLY EXPOSED TO GUT-DERIVED
FACTORS INCLUDING BACTERIA AND BACTERIAL
COMPONENTS

Microbiota affect the liver and act as a cofactor in aetiology of
chronic liver damage.



Role of gut microbiota & metabolites in HCC
development

* Patients with liver cirrhosis and HCC have significant increase in serum endotoxin
levels

* Presence of Helicobacter spp. in the liver of HCC patients, but absent from that of
control

* A study by Yoshimoto et al. 2013 Nature, dietary or genetic obesity alters qut
microbiota and thus rises the deoxycholic acid (DCA) levels, a gut bacterial
metabolite that cause DNA damage

« DCA provokes the production of various inflammatory and tumour-promoting factors
in the liver, thereby promoting HCC development in mice after exposure to chemical
carcinogen

«  Blocking DCA production efficiently prevents HCC development in obese mice



Pilot study: Three commercial probiotics

‘% natural therapy imports

Mutaflor® Escherichia coli
strain Nissle 1917

Mutaflor®, one of the best
researched and field tested
probiotic strains

Escherichia coli
Nissle 1917 (EcN)

L world’s mﬂ.rg

by Valio

%
(2,7 )
Cacig pacte

Lactobacillus
rhamnosus GG (LGG)

'''''''''''''

Probiotic Medlcal Food

Wwwwmdmﬂe!owd
Syndeome. Ukeratve Colitrs and an lheal Pocch.

SSSSSSSSS

VSL #3
8 strains of 3 genus:
Streptococcus,
Bifidobacterium,
Lactobacillus



Probiotics and Cancer

Lactobacillus acidophilus Eschericha coli Nissle 1917 (EcN) | VSL#3
(Moro) Hansen and Mocqu

Skewing of T eMaturation and activation | eMaturation and activation of eInduction of Treg
cell response of dendritic dendritic cell
cell e Affect TH1/TH2 paradigm

e Affect TH1/TH2 paradigm | eInduction of Treg

Anti- *TGF-B, IL-10
inflammation e Induction of Treg
-Ulcer:f\tlv'e CO|It!S . IL-17 mediated
Allergic airway inflammation .
diseases

Eczema

Crohn’s disease

Arthritis
Anti-tumor e|L-12, IFN-y Breast, B16 melanoma (in vivo) | Colitis-associated colorectal
immunity eActivation of cytotoxic T cancer (CRC)

cell, natural killer cell
eBladder, colon (in vitro),
stomach (in vitro)



Hypothesis

* Feeding selected probiotic bacteria orally to hepatocellular
carcinoma-bearing mouse leads to changes in T cell response,
and thereby remodeling the tumor microenvironment,

resulting in slowing down of tfumor progression



Effect of Prohep in mice study

Normal diet
L ——_—_—_—_—___—_—_—_—_——_——_—_

‘ Cisplatin

Male
(C578?|—6/ N Prohep prevention (ProPre)
n= ————————————————————

(Total n=32)  /Prohep tr.eatment (ProTreat)
O — e — —— )
-7d 0d 38d

Prohep Subcutaneous Sacrifice
feeding tumor injection
starts




Probiotics modulated gut microbiota suppresses
hepatocellular carcinoma growth in mice
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and Hani El-Nezami®92

aSystems Biology and Bioinformatics Group, School of Biological Sciences, Faculty of Sciences, The University of Hong Kong, Hong Kong S.A.R., China;
®School of Biological Sciences, Faculty of Science, The University of Hong Kong, Hong Kong S.AR., China; “Department of Surgery, Li Ka Shing Faculty of
Medicine, The University of Hong Kong, Hong Kong S.A.R., China; %Insititute of Public Health and Clinical Nutrition, University of Eastern Finland, Kuopio
70211, Finland; and “Clinical Nutrition and Obesity Center, Kuopio University Hospital, Kuopio 70211, Finland

Prohep

l lSA El ' ( :hlna I hereby certify that this correspondence is being AMENDMENT AFTER ALLOWANCE
L] L] electronically transmitted via EFS to the United States UNDER 37 C.F.R. §1.312
Patent and Trademark Office on the date shown below: Examining Group 1651
Patent Application

Patents =N Docke: NG, UIIK 182
M@ Serial No. 14/460.732
Jeff Lloyd., Roleht @)rﬂey, Reg. No. 35,589

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner z Kade Ariani

Art Unit H 1651

Applicants H Hani El-Nezamy. Nikki Pui-Yue Lee, Cecilia Ying Ju Sung, Jiandong
Huang

Serial No. H 14/460.732

Filed z August 15, 2014

Confirm. No. : 7ol11

For H Method and Compositions for Treating Cancer Using Probiotics

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, V.A 22313-1450

AMENDMENT AFTER ATTOWANCE UNDER 37 C.F.R. §1.312

Sir:
This Amendment is being submitted to the Patent Office in response to the Notice to File
Corrected Application Papers dated March 19, 201 8. Please amend the application identified above

as follows:



Prohep suppress tumor
development

(=)
20009 5 Control o i
A ProPre <
¥ ProTreat > ¢
~—15004 |~ Cisplatin '8 0.10-
= @ s
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i 4 & m 8 ° § ! ~ Control Clsplatm ProPre ProTreat
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7§ 10 14 17 21 24 28 31 35 38

Days of tumor implantation Compared with Control

*0.01 < P value <0.05;
**0.001 < P value <0.01;
***pvalue <0.001



Li

o Reduced tumor size is likely to be related to
hypoxia-induced cell death

et al. 2016, PNAS
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o Prohep inhibit angiogenesis in subcutaneous HCC

Significant

o

] v reduction in
2l e . microvessel
ém'% S density (MVD)
= P U

N

Relative vascular area

" . . Significant reduction
« 21 Te v " . .
L. % ML in relative vascular
§ 101 o _%_ 4} :'v area

Vessel sprouts

T Significant reduction in
" no. of vessel sprouts

0.00 (: (}; Q. Q{

Li et al. 2016, PNAS



o Prohep treatment
downregulates the
expression of proangiogenic
genes in tumors

IL17 RORyt TGF-b Cluster |
e = =
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3 3 s
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Li et al. 2016, PNAS




Corresponding analysis of qPCR revealed the angiogenesis
related genes have similar expression profiles (decreasing)

s
I- 7 - = e
1 —

| M ProPre
WV ProTreat

CA2

Li et al. 2016, PNAS



ProPre group rebalances gut microbiota

v Vv

2

dmpson diversity
: =

ControlD0
ControlD38
CisD0
CisD38
ProPreD0
ProPreD38

ProTreatDO0
ProTreatD38

a diversity (Simpson diversity)

* ProPre and Cisplatin groups are significantly higher after 38 days

 Rebalancing Microbiota



Species level change: 4 significantly* enriched
species In ProPre group

Bacteroides fragilis Gut immunoregulatory Increase

4-
3.
111
L Ll
1.5-

o 3 ) | Control
Alistipes shahii Modulator in the Increase . B Cisplati
suppression of tumor growth I I = Propre
R Protreat
Parabacteroides distasonis Antiinflammatory Increase I
m_| +
Segmented filamentous Th17-inducing Decrease ..
bacteria (SFB) I i I

* Bonferroni adjusted P value <0.05 in Wilcoxon rank-sum test using
100 bootstraps for each sample



Metabolic Pathway: Top 15 enriched in ProPre
group

Acetate formation from acetyl-CoA |- T * 6 are related to SCFAs
Palmitoleate Biosynthesis - == i Control
Lysine fermentation to acetate and butyrate - EEEE=————— . Cisplatin
Docosahexanoate biosynthesis Il - EE====————————
D-galactose degradation V- === . ProPre e 7 are lone-chain fatt
Ectoine biosynthesis - ST . ProTreat 8 Y
Norspermidine biosynthesis - EEEEEEEESE=N—"—
Lactose degradation || - EE——— acids: reduce the pro-
Entner-Duodoroff Pathways - FEEESSE—————
Chitin degradation |l - EEEE——— inflammation cytokines
Conversion of succinate to propionate -
L-rhamnose Degradation -
Pyruvate fermentation to propionate | - —
TCA cycle VIl (acetate-producers) -
Sulfate Reduction - SN

I
0.0 0.5 1.0 1.5 2.0 2.5

Fold change

Pathways

in endothelial cells




Conclusion

Probiotic reduce the tumor growth and inhibit angiogenesis in mouse

The anti-angioenenis in tumor is related to reduced Th17 and angiogenesis factors

Th17 in tumor are mainly migrated and significantly reduced in intestine and
peripheral blood

Gut microbita were reshaped by probiotic intake

The polarization of the gut microbial community in both taxonomy and functional
aspects are towards SCFA producing and hense

* Reduce Th17 differentiation
* Enhance Treg/Trl production






