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Diet, Gut Microbiota
and Cancer

Minggui Pan, MD, PhD

For New Hope Chinese Cancer Care Foundation
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Diet and cancer: some popular questions

* |s cancer acidic? Should | drink alkali water?
* Cancer loves sugar, should | avoid sugar?

* Starve the cancer cells to death, does fasting make sense for cancer
treatment?

* Intermittent fasting? What is the point?

* Continuous feeding versus restrictive feeding
* Diet composition

* Bugs in the gut, why does it matter

* Circadian rhythm in relation to cancer
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Is cancer acidic? Should | drink alkali water?

. . How tumors behave on acid
. Tu mor microenviron ment (TM E) Acidic environment triggers genes that help cancer cells metastasize

* Lactate
* Hypoxia
* Infiltrating immune cells
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Warburg Effect

Cancer loves sugar, should | avoid sugar?

* Warburg effect:
* Cancer cells use alternative metabolic pathways—
* non-oxidative breakdown of glucose (glucose fermentation)—glycolysis.

* Lactic acid fermentation: glucose, sucrose, lactose, etc are converted into
cellular energy and lactate—anaerobic fermentation.

* Cancer cells use other nutrients: glutamine, asparagine, etc.
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Intermittent fasting? What is the point?
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Cell apparatus
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Autophagy: recycle the materials from the
degradation of cellular organelles
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Proteosome-Trash Bin: timely disposal of
proteins that are not needed
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Fasting Mimic Diet
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Starve cancer cells to death--does fasting make
sense for cancer treatment?

* Fasting mimicking diet (FMD)
* 1200 Calories a day
* Plant-based

B SEICIE A AR IR i, WF 7T S B n SR SR AR R A J2 A AE 1200 118 % BL Y fasting mimic
diet, & WK RIAHUZ RIS 2 1.

A8 A A SR A T ) — e LR B AR AR, T —(RERIREEE Cclinical trial) |, 2% fasting mimic
diet Re A REERAL R — ATy e FLME 2 MM clinical trial, KMER — PN AR T34 110

ARTICLE f ot cprene
 https//dol.org /10.1038/541467-02016138-3 .

Fasting mimicking diet as an adjunct to neoadjuvant
chemotherapy for breast cancer in the multicentre
randomized phase 2 DIRECT trial

Stefanie de Groot', Rieneke T. Lugtenberg', Danielle Cohen?, Marij J. P. Welters@ ', llina Ehsan’,
Maaike P. G. Vreeswijk® 3, Vincent T. H. B. M. Smit?, Hiltje de Graaf®, Joan B. Heijns®,
Johanneke E. A. Portielje'6, Agnes J. van de Wouw’, Alex L. T. Imholz8, Lonneke W. Kessels®,

Suzan Vrijaldenhoven?, Arnold Baars'?, Elma Meershoek-Klein Kranenbarg® "', Marjolijn Duijm-de Carpentier"’,
Hein Putter'?, Jacobus J. M. van der Hoeven', Johan W. R. Nortier!, Valter D. Longo® >4, Hanno Pijl@ '3,
Judith R. Kroep® '™ & Dutch Breast Cancer Research Group (BOOG)'6-*

M MAEEE T 131N, 2 A, A A fasting mimic diet, 53 4h—2F A regular
diet, $& AP I BE T, AERZ A AT L. fthiM4G fasting mimic diet 97 A BT $2 AL 1 4E
fLFH Y, R4 1200 fE R H.



Clinical trial algorithm

131 patients randomized
in DIRECT trial

1 patient withdrew informed consent 1 patient was ineligible due to liver

{ \ ‘/
66 patients assigned to FMD 65 patients assigned to regular diet
(excluded from analysis) metastases® (excluded from analysis)

_ 7 N\ J

43 patients were not compliant with FMD |
for half of the cycles

5 patients were not compliant
with the regular diet

J |

) \
64 patients were included in ITT analysis
59 patients were included in PP analysis |
J

65 patients were included in ITT analysis
22 patents were included in PP analysis
> |
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Pathologic response to chemotherapy
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Continuous Feeding vs Restricted Feeding
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Continuous feeding versus restrictive feeding
Restricted calories versus unrestricted calories

* Feeding in 10 hours’ window
* Same calories and diet
* Continuous feeding—obesity and diabetes

g7
TR A A I RZ AL BB ? RIS —EARF RS B A ek (guideline):

Diet composition

* Watch calories

* Less sugar and fat
* More plant-based
* Less red meat

* More tea

* Probiotics

WAMEE R, w25 00 ERACH 75 2211
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Z 0%, AOREIHE ARSI MPTEE (antioxidant)
Z 33w (Probiotics).
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Microbiota and cancer: what do the bugs in the
gut have to do with cancer?

* Microbiota and diet

* Microbiota and nutrition
* Microbiota and brain

* Microbiota and cancer

FLeGEME, BlRaE R 17 AL 5/ inflammatory bowel disease, —F&iE%5;
P& % (Ulcerative colitis ) 5 8 2 &2 2 2 h AR P 5145, A emotion  (1F
&, FRAM BRI RE .




How bugs in your gut might hijack
your emotions

iny molecules in the brain may help gut bacteria control anxiety levels,

From Science Magazine

18 /& FRAE Science FEREFZEN N 2RI, A —E#F 5T 4 “How bugs in your gut might hijack your
emotion”, FFFLFEN]: Wi EA M EERIAME . BRI 040, Al RE e 2 28R 1) emotion,
HUEA T K 2 WG, ATREE 51 E (Anxiety) .

Lou Gehrig’s Disease &4

Gut microbiota impacts brain

» Amyotrophic lateral sclerosis (Lou Gehrig’s Disease)

* ALS mice live shorter in Harvard and Johns Hopkins facility, more
spinal inflammation

* ALS mice live longer in Broad Institute and Jackson lab facilities.

* |dentical water, identical food, identical feeding schedule, identical
cages, etc.

WEFRB—EF v, RNERGEEE T, BEEAEE. SIS RSN —Eif 7.
K ABFNTE — 95 U4 Lou Gehrig’s Disease, i &l A FEEENFFAR (motor neuron) L T o
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1) motor neuron 18 MY AR R, 12 R ATA INLEREES: T o 7ERS 1, M%) Lou Gehrig’s
Disease /MRARTY, w2442 WBLEERIIN, SRR AT AR BRGSO sk .

WE 78 S5 B3 a0 SR 2 BUBCEE Harvard 1 John Hopkins (%0 (facilities), 1846 USSR
7f Broad Institute, —{EFGEER MIT SAERIBEFCHT, B3 7E Jackson Lab, 131 & 55 = 1t Maine,
HFREEM M FT, EMEIESE R,

Mseae—8M. 8, RERHE. 1 Cage %55, RHEFKIIZ R, fERWF] John Hopkins,
HH L[ spinal cord ¥ 45, {H Z7E Broad Institute ff Jackson Lab, ‘& M#tiGfEEF R ?
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How does COW digest grass?
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K| T 1E BIAYAH, R Z ARG S IE TR (short-chain fatty acid)

Gut microbiota produce short-chain fatty

acids

* Short-chain fatty acid

* Acetic acid

= H H H H H
S . I 0 I 1 9 I 11 9
* Propionic acid H—C—C__ H—C—C—C_ H=C—C—C—C_
" " | OH 1 OH | I 1 OH
* Butyric acid H HH HHH
Acetic acid Propionic acid Butyric acid

FESEARIT R AT AR HIR. MR, NIR, B EAIIREE NS Emy, BHiEMRAAHE
SEiE Lo R A T RS B, ARRUERER AT BRACH . A AE3APT (0 B v 1R f1E L R i
IR, AREIE RN & 4. A SO, FEMRCEIRS, AUE A A ARSI .
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Gut microbiota

* Good bacteria

* Bacteroides Fragilis, repairs colon
leakiness

* Bad bacteria

* Lactobacillus (vaginal microbiota) * E. Coli

* Faecalibacterium, reduce gut * H Pylori
inflammation * Some bacteroides

* Bifidobacteria « C. Difficile

RIS 1 AR LLEH BN AaaiAeE; A8 1R EA L E, SRBERIMMRE RN E.
Coli, At H Pylori; i&47 C. Difficile, MMz IHTHE HRILH E A A SO LR, A TS (AT
PR (E i S TEAH, Ak R A 1 I R B 5 S B

Y Ak ki
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Good bacteria help fight cancer

Resident gut bacteria can affect patient responses to cancer immunotherapy (see the

Perspective by Jobin). Routy et al. show that antibiotic consumption is associated with poor
response to immunotherapeutic PD-1 blockade. They profiled samples from patients with lung
and kidney cancers and found that nonresponding patients had low levels of the bacterium
Akkermansiamucipiphila. Oral supplementation of the bacteria to antibiotic-treated mice
restored the response to immunotherapy. Matson et al. and Gopalakrishnan et al. studied
melanoma patients receiving PD-1 blockade and found g greater abundance of “good” bacte)
Jdothe guts of responding.patianls. Nonrespenders had an imbalance in gut flora composition,

which correlated with impaired immune cell activity. Thus, maintaining healthy gut flora could

help patients combat cancer.

Science, this Issue p. 91, p. 104, p. 97; see also p. 32
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af .

During immunotherapy

* Avoid using antibiotics if possible
* Avoid using steroid if possible

A S PR o CLAE AR W B2 3 R B AR S A . AR SRR B AR T, I AN B B
2, BRI PR, AR TR R, EEACRICENME AR 7, RN AR A
T BN ERUE LEIRAL, W] e 'R BRI R

Y AL B R P I ZOREIN 35, L 1014 Prednisone A1 Dexamethasone. & L4 2% 45 it 75 22
F, Eetnii S ia AL S AS sk B, 4 Dexamethasone 3R B 1F 3L i Jes A0 i Jas 26 2% AT R 4k
FEoRpNE: . He—fR RN =R, FHHRZEAKR, HREHHABERNRE, BMfE—KRRA
F 10 =5 [¥) Prednisone, #BWT Ae & BRAK S v e (A e
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SCIENCE TRANSLATIONAL MEDICINE | REPORT

GUT MICROBIOTA

Reconstitution of the gut microbiota of
antibiotic-treated patients by autologous fecal
microbiota transplant

Ying Taur', Katharine Coyte'??, Jonas Schluter’, Elizabeth Robilotti', Cesar Figueroa’,
Mergim Gjonbalaj', Eric R. Littmann’, Lilan Ling’, Liza Miller', Yangtsho Gyaltshen'?®,
Emily Fontana', Sejal Morjaria', Boglarka Gyurkocza', Miguel-Angel Perales’,

Hugo Castro-Malaspina’, Roni Tamari', Doris Ponce’, Guenther Koehne', Juliet Barker’,
Ann Jakubowski', Esperanza Papadopoulos’, Parastoo Dahi', Craig Sauter’, Brian Shaffer’,
James W. Young"®”7, Jonathan Peled’, Richard C. Meagher', Robert R. Jenq®,

Marcel R. M. van den Brink'’%, Sergio A. Giralt', Eric G. Pamer'*, Joao B. Xavier'*
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RESEARCH ARTICLE

Donor fecal microbiota transplantation ameliorates
intestinal graft-versus-host disease in allogeneic
hematopoietic cell transplant recipients

Yannouck F. van Lier Mark Davids Nienke J. E. Haverkate®, Pieter F. de Groot”, Marjolein L. Donker”, © Ellen
Meijer*, Floor C. J. |. Heubel-Moenen’, Erfan Nur Sacha S. Zeerleder Max Nieuwdorp Bianca Blom* and
Mette D. Hazenberg

B AR FURER N REREN I RAE, SRR 252 (IR ] A A LR B A 30 489
N

1x donor FMT

Allo-HCT Sigmoidoscopy Response evaluation End follow-up
ﬂ ﬂ ﬂ Day 28 ﬂs months
L )
1

Intestinal GvHD

- Steroid-refractory Stool sampling

- Steroid-dependent

Patients receiving Evaluabl
FMT: 17 patients: 15
\

Received other GVHD
medication <3 days
after FMT: 2

BRI, W R, 238 N ER N Leukemia 4 2k, AP 4 5 T8 AL SEA T SR I
W& (5 EEMHIER A8 o FiH Leukemia 7 45 LR LRI 2 1), Y4 secondary
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RESEARCH ARTICLE GVHD

Obesity induces gut microbiota alterations and
augments acute graft-versus-host disease after
allogeneic stem cell transplantation

(® Lam T. Khuat', @ Catherine T. Le', Chien-Chun Steven Pai'", ( Robin R. Shields-Cutler?, Shernan G. Holtan®, Armin Ra...
+ See all authors and affiliations
Science Translational Medicine 25 Nov 2020

Vol. 12, Issue 571, eaay7713
DOI: 10.1126/scitransimed.aay7713
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Poor microbiota related to obesity

* Inflammation of gut epithelium

* Epithelium becomes leaky

* Increased inflammatory cytokines

* Increased absorption

* Obesity fat is inflammatory

* Obesity is related to low microbiota diversity

* Obesity is related to increased cancer risk: breast cancer, gallbladder
cancer, endometrial cancer etc.

Re Wi &8 5 o % drrE, RENEZ 7 SRS AT Re 40 3 2 04 R AR 7 (cytokine) , FREERG
EIERIEE, ERERM—E, i epithelium, %515 leaky, /e 4HH LR 5B 2.

AAN, BLR A IGE R EE 2P (microbiota diversity ) A%, FRAMIEH A IGE %A 300
ZREANE, A REEEE 1000 M, R EE, BHERE B AL

JitUA obesity AT RES I IEAT R 8, AR A N VRIS thm] Re Ay (11 (5 &

S TE A R ] 7

CA IR Z W T e, RS e A 1 75 15008 S5 pk— (R R B2, & w390 1 18 e Ak (1) 1
. BAPAH TSR, TEZBR T AENGEN SN EE, BOaEaniEESA
B, EZESEOEANME, 80 EEEETEN AL LA FRERAEEEENRE
N, BAUFIANE R4 (aggregate) 7EFRGL, K biofilm. 18 Y biofilm BEEfEEA — B
B, WRAEIEE AR, BUIARE, AR EE L O VIR N R IR

PRZE 35 B 4 e B N RS 2R, At M S5 G 15 48 o A B8 2 1 biofilm,  wt& AN B A1
aggregate.



Biofilm in right-sided colon cancer
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Microbiota organization is a distinct feature of
proximal colorectal cancers

Chiris: NMD?O llllbbﬂ KW ", Elizabeth M. Hechenbleikner”, James R White" mluu Welch",
Blair ). Ry ', Scott N. Peterson®”, IMLW Gary G. Borisy”, Mark Lazarev', (lﬂl Stein', Jamuna V. Adivﬂ:l

RAT B E A AN R Ras e Eaag8nm A, MM TEIS A a8 i N B 2 . 3RAM
BUHEIBA B R, B ARSI A ZERMNE AT B R 7 B 7Sk, AL
RATBRERE RN, A EZ KR RE, BB MR AL . B2 EEHR, #EK
WHEF IS el 2

HEFEY
REFEWMFHE T, L probiotics B T HEHE 3 FAM A LR .
—ffE & Kimchi, REE =SB B &Y.

Kimchi

* Leuconostoc spp.
* Weissella spp.
* Lactobacillus spp




Ry (Yogurt) , IEFR PR RIZ, ElaRIRAE,

Yogurt

* Lactobacillus acidophilus
* Bifidobacterium Bifido
* Lactobacillus delbruekii subsp.

* Bulgaricus
* Streptococcus thermophilus

#13% pickles, 7 probiotics f—%H.

Pao Cai (Pickles)

*[. pentosus

* L. plantarum

* Leuconostoc mesenteroides
e [. brevis, L. lactis

L. fermentum

Circadian Rhythm - Z& 477

1% %% Circadian Rhythm,, W5 537 Circadian Rhythm, 3t /2 Fd 5 841 clock, #]fg
FUEREA R AL SRR PN, SR, AT S s 2 2 . AL 1) 5%
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Circadian rhythm
[ C I ——

N
Getting sleepy The big dip
Melatonin, the sleep hormone. Your energy is at its
rises about an hour Later in 2 lowest. Depending on
teens than adults. The blue Ol Rl your internal clock, you
light from electronic might not feel fully
devices can suppress @ awake until 9 am,
melatonin, disrupting ° oreven 10 am
your sieep.
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Afternoon slump - S o Energy up

You feel blah, and Your body
you might crave 2 snack m temperature rises
In your aduit years, you'll throughout the morning,
see this energy dip earlier 50 your alertness and

l from 1to 3 pm sharpness increase. |
Circadian rhythm cycle of a typical teenager. Credit: NIGMS
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Circadian rhythm: what does body clock have
to do with cancer?
* Circadian rhythm and metabolism

* Circadian rhythm and cancer risk
* Increased breast and prostate cancer in nightshift workers
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