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Purpose: Dysbiosis of gut microbiota has been reported to participate in the
pathogenesis of colorectal cancer, but changes in microbiota due to radiotherapy
have not been studied. In this study, we tried to elucidate the changes in the
microbiome in rectal cancer after chemoradiotherapy using RNA sequencing
analysis.

Materials and methods: We included 11 pairs of human rectal cancer tissues
before and after irradiation between August 2016 and December 2017 and
performed RNA sequencing analysis. Mapped reads to human reference genomes
were used for pair-wise transcriptome comparisons, and unmapped (non-human)
reads were then mapped to bacterial marker genes using PathSeq.

Results: At microbiome level, interindividual variability of mucosal microbiota was
greater than the change in microbial composition during radiotherapy. This
indicates that rapid homeostatic recovery of the mucosal microbial composition
takes place short after radiotherapy. At single microbe level, Prevotella and
Fusobacterium, which were identified as important causative microbes of the
initiation and progression of rectal cancer were decreased by radiotherapy.
Moreover, changes in Prevotella were associated with changes in the human
transcriptome of rectal cancer. We also found that there was a gene cluster that
increased and decreased in association with changes in microbial composition by
chemoradiation.

Conclusion: This study revealed changes in tumor-associated microbial community
by irradiation in rectal cancer. These findings can be used to develop a new
treatment strategy of neoadjuvant therapy for locally advanced rectal cancer by
overcoming radio-resistance or facilitating radio-sensitivity.
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0] 7= Adtistn S4HEY 2fg 5 2ot ZIME|R{CtH (Mo|’#S: 2016-08-020). 2016 SHELE
20179 12€712] AEohstn SARR2L0M &= H AER SA| (heoadjuvant concurrent) CRTE Algl g-2 27|~37|9| (T3
E= T4 E= DY Q) A Y (rectal adenocarcinoma) A} 54HE ¢ CHYRIZ MYSIQACE O F 714 HE3H
330U R HIESS T 2taf, S 20| UALE O|H0f| ofd 0| UAUT 2t2}, CRT =F 20[L0| Llst

et o UPH ot Sk2t,

A 28 7Fe 2R, 24 242 =F O|E0 ERE A2st 2THe=Z 11| AE 2T A+ CiaAtz HESHIICt.
11| SAXJ0|M CRT d S Z2HES Solf g2 A¥Y A 42 At CRT = 2 Y9l 2ty Hx=ss &of 22 4
HE 4z 2S5t & 1142 CRT A& 2140 Cfst mRNA E7| MY 24 AYSIRCE O] EAHE2 fluorouracil 7|8te]
3F5tQH I 50.4 Gyo| HHAIM 2|22 527|0| 2 Bt= HEZQl 27|72 A2 R (conventional long-course neoadjuvant) CRT
£ Al EUCH ZE SA0N SR-ZUt U S8 ARH OE A, A A7) 3T o, U WAE BAte dd U 3t
WE TS G LMUO| A RACE 2H MHA| (total mesorectal excision)= OFA|2F CRT| 6-8F O|LHO| A|H=|UCt A Cf
o 2ol oFd, dYE, AA™ X5, 5 A TNM H7|, 22 A, 8 YOt (tumor budding), X2 g, A3A AR,
ool 2 S0|E4A S (microsatellite instability), KRAS S¥H0|, BRAF S8{H0|, CRT & ZYHtS (tumor
regression grade) O{£= Table 12t ZCt
Table 1. Patient characteristics

ID°  Age  Sex BMI° Diff® Bud’ PNI° ETD’ MSF KRAS” BRAF  TRG'  pT*  pN

1 68 M 20.3 1 Y N N L N N NR 3 0

2 82 M 19.1 1 Y N Y L N N NR 3 2

3 48 M 23.7 1 N N N L N N NR 3 0

4 72 M 22.9 1 N N Y L N N NR 3 2

5 66 M 20.9 1 N N N L Y N NR 3 0

6 69 M 23.9 1 N N N L Y N NR 1 0

7 76 M 21.3 1 N N N L N N NR 3 1

8 47 M 26.3 1 N N N L N N NR 1 0

10 52 M 26.5 1 N N N L N N NR 2 0

12 62 M 259 2 N N N L Y N R 1 1

14 55 M 18.9 2 N N N H N N R 2 0

ID? patient identification number, BMI”: body mass index, Diff" differentiation (1 = well and moderately differentiated, 2 =
poorly differentiated), Bud® presence of tumor budding, PNI® presence of perineural invasion, ETD" presence of extranodal
tumor deposit, MSI%: microsatellite instability (H: high, L: low), KRAS": presence of KRAS exon 2 mutation, BRAF” presence of
BRAF mutation, TRG”: Mandard tumor regression grade (NR = non-responder, R = responder), kai primary tumor categories,
pN’: regional lymph node categories.
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Table 2. Read count statistics

=

St Z-I

(phylum), & (class), =

MOjlM S| 2L Al reads?| 4= Table 22 ZIC} PathSeq EA4I22 0{2I Ml
A2 (taxonomic rank)of w2t &

(order), 2} (family)2 2t

ID? Raw’ Trimmed® STAR hg38 mapped® PathSeq mapped®
1-PRE 36,117,126 33,467,266 (92.66) 32,728,484 (97.79) 3,823 (0.52)
1-POST 40,603,836 37,531,060 (92.43) 36,479,616 (97.20) 11,091 (1.05)
2-PRE 33,651,376 31,085,808 (92.38) 30,357,966 (97.66) 1,375 (0.19)
2-POST 37,676,934 35,089,930 (93.13) 34,145,894 (97.31) 2,167 (0.23)
3-PRE 33,814,488 31,352,044 (92.72) 30,667,390 (97.82) 743 (0.11)
3-POST 41,076,234 38,043,256 (92.62) 37,131,382 (97.60) 1,829 (0.20)
4-PRE 37,723,686 35,039,152 (92.88) 34,351,546 (98.04) 558 (0.08)
4-POST 38,123,926 35,325,968 (92.66) 34,509,702 (97.69) 535 (0.07)
5-PRE 34,610,764 32,432,364 (93.71) 31,827,396 (98.13) 368 (0.06)
5-POST 35,607,408 33,002,822 (92.69) 32,001,644 (96.97) 400 (0.04)
6-PRE 36,922,016 33,943,450 (91.93) 33,219,332 (97.87) 1,759 (0.24)
6-POST 39,258,648 36,316,266 (92.51) 35,422,606 (97.54) 913 (0.10)
7-PRE 35,947,852 32,041,046 (89.13) 31,262,064 (97.57) 866 (0.11)
7-POST 37,071,050 34,198,736 (92.25) 33,322,702 (97.44) 2,292 (0.26)
8-PRE 35,584,204 32,114,960 (90.25) 31,413,688 (97.82) 711 (0.10)
8-POST 35,396,596 32,669,576 (92.30) 31,607,626 (96.75) 602 (0.06)
10-PRE 35,992,904 33,461,710 (92.97) 32,780,456 (97.96) 107 (0.02)
10-POST 38,726,232 35,770,152 (92.37) 34,908,248 (97.59) 456 (0.05)
12-PRE 37,282,074 34,354,054 (92.15) 33,507,390 (97.54) 3,779 (0.45)
12-POST 33,343,146 27,512,050 (82.51) 26,196,644 (95.22) 695 (0.05)
14-PRE 37,105,578 32,919,990 (88.72) 31,518,358 (95.74) 40,519 (2.89)
14-POST 43,542,422 41,159,148 (94.53) 40,441,644 (98.26) 33,475 (4.67)

The numbers in parentheses, excluding the “PathSeq mapped” column, represent the percentage of read count in the
previous step. The number in parentheses in the “PathSeg mapped” column is the percentage of non-human read counts
which unmapped to hg38. ID? sample identification number (The number before hyphen indicates patient identification
number. “PRE” and “POST” represent samples before and after chemoradiation therapy.), Raw’: raw read counts, Trimmed®
read counts after quality control. STAR hg38 mapped read counts mapped to hg38 human reference genome using STAR
aligner. PathSeq mapped®: read counts mapped to bacterial marker genes using PathSeq.
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Fig. 1. Microbial composition before and after chemoradiation in rectal cancer patients. The relative abundance of OTU is
shown for each taxonomic rank. The paired bar plots on the right show the microbial composition before and after
chemoradiation in the same patients. The numbers on the bar plot represent the patient identification numbers. The skyline
plots on the left show the bar plot in ascending order based on the most abundant OTU. The y-axis of both charts indicates
the relative abundance (%). “PRE” and “PRERT” represent samples before chemoradiation therapy. “POST” and “POSTRT”
represent samples after chemoradiation therapy. OTUs that differ in ANCOM analysis are marked with an asterisk and the
W-statistics are shown in parentheses. (A) Phylum (B) Class (C) Order and (D) Family.
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Table 3. PERMANOVA results testing the effect of chemoradiation on microbial composition

Taxonomic rank

PERMANOVA? p-value

Weighted UniFrac Generalized UniFrac Bray-Curtis
Phylum 0.3976 0.3796 0.4386
Class 0.3177 0.3616 0.3736
Order 0.3367 0.3836 0.3666
Family 0.2777 0.2977 0.2348

Three distance metrics were used to test the differences in microbial composition before and after chemoradiation therapy in

rectal adenocarcinoma patients. PERMANOVA® permutational multivariate analysis of variance.
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Fig. 2. Principal component analysis of the microbiota before and after chemoradiation in rectal cancer patients. The numbers
represent the patient identification numbers. “PRERT” and “POSTRT” represent samples before and after chemoradiation

therapy, respectively. (A) Phylum (B) Class (C) Order (D) Family.
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Table 4. ANCOM analysis between before and after chemoradiotherapy

Taxonomic rank OTU names w? Nreat” D_0.9° D_0.87 D_0.7¢ D_06
Order Rhizobiales 110 152 N Y Y Y
Order Corynebacteriales 102 152 N N Y Y
Order Xanthomonadales 102 152 N N Y Y
Order Sphingomonadales 97 152 N N Y Y
Order Pseudonocardiales 94 152 N N Y Y
Family Prevotellaceae 292 351 Y Y Y Y
Family Comamonadaceae 240 351 N N Y Y
Family Sphingomonadaceae 237 351 N N Y Y
Family Xanthomonadaceae 236 351 N N Y Y
Family Pseudonocardiaceae 230 351 N N Y Y
Family Leuconostocaceae 166 351 N N N N
Family Dermabacteraceae 148 351 N N N N
Family Sanguibacteraceae 124 351 N N N N
Family Aurantimonadaceae 123 351 N N N N
Family Sporomusaceae 122 351 N N N N
Family Tolypothrichaceae 70 351 N N N N

ANCOM: Analysis of composmon of mlcroblomes W2 ANCOM W-statistics, Nieat”: Total number of OTUs detected within the
same taxonomic rank, D_0.9°~D 0. 6" ANCOM significance with cut-offs from 0.9 to 0.6.

HUSISIYALNRY HER USE N A

— —/
CRT {52 Qo|51A Hat=l OTUS EHMSEY| QIaiA 233t A 20| T2} analysis of composition of microbiomes (ANCOM)
7F Zk2E A= QUCE (Table 4) (14). ANCOME| Rold EE 7|8 098 &3st= M 2F22 Prevotellaceael| CRT dZ 2|

YUl SMTE Fig. 3A0M YA} B2 LIEFCE

Table 5. Top 10 genes showing the strongest positive correlation with the abundance of Prevotellaceae

Gene symbol Gene name Pearson’s r

TRAFD1 TRAF-type zinc finger domain containing 1 0.917
JFITT Interferon induced protein with tetratricopeptide repeats 1 0.914
ADAM22 ADAM metallopeptidase domain 22 0.908
CGRRFT Cell growth regulator with ring finger domain 1 0.908
ACTR6 ARP6 actin-related protein 6 homolog 0.902
CHD9 Chromodomain helicase DNA binding protein 9 0.901
ASB8 Ankyrin repeat and SOCS box containing 8 0.900
ZFP30 ZFP30 zinc finger protein 0.890
MFAP3L Microfibrillar associated protein 3 like 0.882
ELACT elaC ribonuclease Z 1 0.882
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Fig. 3. Changes in the abundance of Prevotellaceae family after chemoradiation and concomitant changes in the human
transcriptome. (A) Box plot shows the relative abundance of Prevotellaceae before and after chemoradiotherapy. “PRERT”
and “POSTRT” represent samples before and after chemoradiation therapy, respectively. (B) Bubble chart shows the
functional annotation of host gene expression highly correlated with changes in relative abundance of Prevotellaceae before
and after chemoradiotherapy. Gene-Enrichment and Functional Annotation Analysis was performed using DAVID. The y-axis
represents the functional term defined in GOTERM_MF_DIRECT. The numbers in parentheses are the identification numbers
of the Gene Ontology. Fold enrichment, ratio of the number of genes involved the function term to the total number of
inputs genes, and p-value are represented by x-axis, bubble size, and bubble color, respectively.
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Table 6. Top 10 genes showing the strongest negative correlation with the abundance of Prevotellaceae

Gene symbol Gene name Pearson’s r

NSMF NMDA receptor synaptonuclear signaling and neuronal migration factor -0.940
NPIPBT 7 Nuclear pore complex interacting protein family member B11 -0.937
LRP5L LDL receptor related protein 5 like -0.933
RANGAPT Ran GTPase activating protein 1 -0.925
PASK PAS domain containing serine/threonine kinase -0.908
CDK10 Cyclin dependent kinase 10 -0.900
HPCALT Hippocalcin like 1 -0.896
NBEALZ Neurobeachin like 2 -0.894
ABCF3 ATP binding cassette subfamily F member 3 -0.884
RPLTZ2 Ribosomal protein L12 -0.882
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2& S A2 ROIM =H=ACt (17). =H= ROIAM ggplot2 TH7|AE ARZSIOY 2HE=[AUCH (18).

RESULTS

RNA &7] ME &4 A=0M M 28 &4

1149 22 Mot Aol &I MBS 24510 2t HAZ2E 37 380t~47 3HBIIHO| readse| HA| RNA 7] MY 24 2t

=2E &S (Table 2). G271 ME 240 AL OfEE ME 20| 42 F7I4S Aste HYS SahM HAIR=S

82.51~94.53%0| 33t readsS HESIALE. S22 RNA &7 ME2EE 0|4=9| &7 MBS 2E5| fI6HM &
o

=

2|£ OFzl readsE hg38 Q17 QA 2tz M0 HH5H0] 95.22~98.26%2| readss 22t HACE. QI7F 2k2 MEO| A
|2 Ok2 QIZt 0|28 E K2{5t 1.74~4.78%2] reads= PathSeq ZZ12MS £5f| DO|MEQ| B3| QA0 HE

17t O|2|2EE| {23t readsE £ 0.02~4.67%2| reads?t PathSeq0ll 2|5l HHE|RACt PathSeqol| 2|5 O|ME EZ| &

H™EEl reads &= CRT 2} & ALO|Of] RAMEES 27| ECte 109 &2t9| CRT X% (Table 22| 10-PREQ} 10-POST),

B2} (14-PRE2} 14-POST)OIA] 2 LIEFE ZX Y JHQICH| RAMES =10 ARACEH

> oY ol e
]
O

>
2

1481
AT HAMIR Y H=o| HA| M 28 el &4

PathSeq &4 Sdlf ¥2 Old=2 =3 ;SEOHH MzZs 2FSH Algol oet 8, 4, =, U2 22510 2f 0TUS
WE Mo SAYS Hlwst A2 Fig. 1A~D| 1% skyline =Het ZT} CRT M29| O|WE Z0H| MAHQl 20|27} ZAlist=2|
HS5t7| fIsHM Pathseq 2nfo| 2t OTUS| EEet H4-E MIIAI 72| 72| WE=2 HES & PERMANOVAS A[>EH 21t
CRT &2t & Atojof| O d= HH =g SHRlME SAHSE RIS 0|7t HAE[Z] AUCH (Table 3). FIE2H0IM Z2
SRR = CRT =2 Mzt 29 HA|ZQ Bapt 32| giths AS AT & AU (Fig. 2).

o

OFSIBHHFALAM Q- Z

Fig. 19| skyline =HO|AM CRT A 201 OTUS| BSE ZQIGHE mf 7R 2R AHgel &4

fusobacteria?} Zaste HES %.FEQ = AUt (Fig. 1). LIHZ| OTUOIME =0 &= Hete e 4 SIACH DjdE =232
HSHE A+ CHAIRIOICE CRT MERE HIWRHE Molle & 32 2M0iAM 21t 61 22 foil ‘| fu gt
o'o*l_—f (Fig. 1A, LE% oftf =H). CRT ﬁ—?—i EAHo=2 -.9.—°|°F tﬂgf Hol OT =

Zot= Table 42+ ZCH 23t = s s
ANCOI\/I Rold 7I& 0.88 EotRed 1 2 4 H°| OTUOHH ANCOMOI 0.7¢| 7|--01|A1 A Re¥E BCE o HEO0ME
Prevotellaceae?t ANCOM Re|M 7|& 098 THE3Ien 1 2| 4749 OTUZt 0.72] Rolde o=Estdln 674 OTus
! 7 Gl

4o|-
;
i

ANCOM EAEQRI WIS 7122 R4 7|1 068 DHESHR| 28Tt ANCOM 2M0jA f fo|st BiSl2 &0l
Prevotellaceaent= CRT F0f| ST 20| ZAES SIg £~ AUACEH (Fig. 3A)

1149 217 MY ZHZTE SQIE CRT 8FQ| Prevotellaceactl] HEIHM =2 HEAAE 2= 7t FAUA| Cist Vs
4 2FE Fig. 382 2Tt 9| JUAAHE Zd= AL FHUASS ALUO|L} DNA ZE AL A= CEH 39| JHAAS
A= AT FHAR= RNA, HHHA, ATPRIO| ZE0| 2HAHE|0f A0 FEE= S90[ HARACH (Table 5, 6).

DISCUSSION

oN

fLif DI’ 4=0] 23p7|AH SYO| Lt 2ol D|=j= g2 00| 2 LA UACH (8-10). U DIO|2=2B0jgS 7 37t
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CRT 2o] 46}z 3= 4 Gl e ARIO| AUS HO= MZEICH B ASOILH 3 HHO| 3 Aol O1sS0] FHE
A = CIOLAZ0IE 499 SRE o M AoitS
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werE meE Zio] U@ 2| SIoh

219
= 70| +8 BRS HOI- 228 S2Y 4 YN

n =2
pel
3
_>H_

Lo = JHE M@ T©HRI0A CRT Z'IOI Mz 29| 4 EMoMe 2 oA Proteobacteria, Bacteroidetes, Firmicutes,

Actinobacteria 50| 7t &2 HIES A& U0 (Fig 1a. skyline =H) 7|&0| E119} UX|3UCt (28,38). AU 2 & &
MOJ|A BEARM ZALO| Q8K ZFLK Dl = & Proteobacteria, Bacteroidetes@| &7}, Firmicutes®| 247t 21 g|ojQleLt O ¢
o Aot CtA SURIGACE (Fig. 1a). 7|22 E1oto| 2UX|Ee 7|29 A7t Q1Zto| ot F 59| e S==22H Z2UE ¢
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M2 Fusobacteria®2 CRT O|F 11 H|E0| 20{SUCt (Fig. 1A, skyline =H), 2|220|A CRTO|| 2|5t Fusobacteriall 4=
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IZeo| S 2Ido]| 0|1xl= 2 O BE|RUCh Q1Zte| He o
FusobacteriaZt F2|5tA B2 20| PCR, 16S rRNA,
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Biolo] 2HS QU 4 U202 (51) MR RIVF P ¥ 2R ENE £0l& Y22 8 4 U= 277t
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