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Supplementary Figure 1: Hsp60*A'E¢ mice are embryonically lethal

(A) Light microscopic pictures show mouse embryos at developmental stage E12.5 and E13.5
prepared from uteri of dams and subsequently genotyped. The visceral yolk sac is placed right
next to the embryos. The table shows the frequency of offspring carrying the corresponding
genotypes. (B) Representative agarose gels validating the Hsp60 knockout in embryonic

abdominal samples of Hsp60™iox X VillinCre™ mice.
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Supplementary Figure 2: Mild signs of mucosal inflammation in jejunum of Hsp60O~AEC
mice

(A) gRT-PCR analysis of cytokines and chemokines was performed on mRNA isolated from
whole jejunal tissue pieces (N=5 per genotype). Statistical analysis was performed via t-test
comparing genotypes. (B) Representative pictures including detailed images show macrophage
infiltrates into jejunal mucosa. Quantification of infiltrating F4/80-positive macrophage into jejunal
mucosa (evaluation of 20 crypts of one representative mouse per genotype). Lines in the dot
plots indicate mean numbers. Asterisk indicate significant differences *P<0.05; **P<0.01,

***pP<0.001.
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Supplementary Figure 3: HSP60 deficiency does not induce epithelial apoptosis or a loss

of mitochondria



(A). The number and diameter of mitochondria in villus and crypt IEC was assessed by electron
microscopy of jejunal sections. Arrows indicate differences in mitochondrial christae formation in
in Hsp60YEC ys, CTRL mice. Right: Mitochondrial numbers and diameter in Hsp60~*E¢ mice
(N=4) and Hsp60"x control mice (N=3) (B) Ratio of mitochondrial to nuclear DNA measured
by gqPCR in IEC isolated from villi and crypt of Hsp60~2E¢ mice and Hsp60"™f°* control mice
(N=6). (C) Representative images of jejunal sections from Hsp60~~EC and Hsp60"™x control
mice stained via TUNEL assay to assess apoptotic DNA fragmentation including detailed images
in higher magnification (DAPI stains nuclei in cyan). Quantification of TUNEL positive cells per
crypt-villus unit (N=5). Positive controls from DNasel treated tissue sections are indicated by
white arrows. Lines in the dot plots indicate mean numbers. Statistical analyses were performed

via t-tests comparing genotypes.
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Supplementary Figure 4: Quantification of hyperproliferative, HSP60-positive crypt
nodules induced by HSP60 loss in Hsp60~2EC and in Chop™ Hsp60YAEC mice

(A) Representative HSP60 IHC stainings of Hsp60~A'E¢ and Chop’ Hsp60~*'E¢ mice along the
small intestinal tract following proximal to distal compartments. (B) HSP60-positive crypt nodules
were quantified along the intestinal tract using HSP60 IHC staining. Comparison of nodule
perimeter of HSP60-positive crypt nodules of Hsp60Y~E¢ and Chop’ Hsp60~A'E¢ mice (N=6)
revealed no differences between genotypes. Lines in the dot plot indicate mean numbers.
Statistical analyses were performed via t-tests comparing genotypes.
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Supplementary Figure 5: Epithelial regeneration in Chop” Hsp60~AE¢ mice



(A) Schedule for oral tamoxifen administration to induce HSP60 deficiency and subsequent
regeneration time. Representative H&E and corresponding HSP60 IHC stainings of Chop™
Hsp60~~ES mice along the intestinal tract following proximal to distal compartments. Detailed
images of HSP60 IHC in higher magnification distinguish villus vs. crypt regions of the jejunum.
Quantification of HSP60-positive and HSP60-negative crypt numbers of Chop” Hsp60~'E¢ mice
(N=4) at different time points after Hsp60 deletion indicate rapid tissue reconstitution. Bars
represent mean +SEM. (B) IF Co-staining of HSP60 (green) and Ki67 (red) on jejunal sections
including detailed images in higher magnification of Chop” Hsp60*A'E¢ mice and Chop™
Hsp60"°¥lox controls (DAPI stains nuclei in cyan). Quantification of Ki67-positive cells in HSP60-
positive and HSP60-negative crypts (N=5; 2 regions per mouse). (C) qPCR analysis of mtCoxl
and Otc mMRNA expression in IEC isolated from the crypt compartment of Hsp60~2'¢ and Chop™
Hsp60Y~ES mice. Lines in the dot plots indicate mean numbers. Statistical analyses were

performed via unpaired t-tests comparing genotypes.
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Supplementary Figure 6: Expression of Hsp60 and Lgr5 following tamoxifen treatment of
organoids

(A) Schematic illustration of the experimental setup using small intestinal organoids. Organoids
were isolated from Hsp60™°x VillinCreER™ ™ mice and distributed to four protocols. (B) mRNA
expression levels of Hsp60 at d; and d., respectively, after tamoxifen treatment. (C) qRT-PCR
analysis of Lgr5 mRNA expression after tamoxifen treatment. Bars represent mean +SEM.
Asterisk indicate significant differences ***P<0.001. One-Way ANOVA and appropriate post-hoc
tests were used for all statistical analyses. Data from organoid experiments derive from at least

3 independent experiments.
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Supplementary Figure 7: Epithelial expression of WNT-related factors and RSPO1

antibody validation



(A) mRNA expression pattern of WNT-related factors found to be significantly altered in crypt-
derived IEC from Hsp60~“E¢ mice in mucosal tissue (Mucosa), villus-derived IEC and crypt-
derived IEC from Hsp60™1°x and Hsp60*~'E¢ mice. Gene regulation is enriched in crypt-derived
IEC fractions. (B) IF stainings of RSPOL1 (red) and E-Cadherin (grey) at d. in jejunal sections
from Hsp60~2EC mice. A specific blocking peptide was used on consecutive sections (lower
panel) with otherwise unchanged staining protocol (DAPI stains nuclei in cyan). (C) IF staining of
RSPO1 (red) in splenic sections serving as positive tissue control. A specific blocking peptide
was used on consecutive sections (lower panel) with otherwise unchanged staining protocol
(DAPI stains nuclei in cyan). (D) mRNA expression pattern of WNT-related factors found to be
significantly altered in villus-derived IEC from Hsp60~*EC mice in mucosal tissue (Mucosa),
villus-derived IEC and crypt-derived IEC from Hsp60"1* and Hsp60*~'E€ mice. Gene regulation
is enriched in villus-derived IEC fractions. Lines in the dot plots indicate mean numbers. Asterisk
indicate significant differences *P<0.05; **P<0.01; ***P<0.001. All statistical analyses were

performed via unpaired t-tests comparing genotypes.
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Supplementary Figure 8: HSP60-deficient villus IEC express WNT factors

Left: gRT-PCR analysis of known WNT ligands including the WNT enhancer Rspol in IEC
isolated from villus tip epithelium of Hsp60Y~ES (N=6) vs. Hsp60"¥1x mice (N=5). Statistical
analysis was performed via t-test comparing genotypes at each time point. Asterisk indicate
significant differences **P<0.01; ***P<0.001. Right: Correlation analysis (Pearson) of
significantly regulated WNT factors compared to HSP60 levels in Hsp60Y~'E€ mice (the straight

line indicates linear regression). P values indicate one-sided significance.
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Supplementary Figure 9: WNT10A rescues intestinal organoid growth after HSP60
knockout
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Organoids were isolated from Hsp60™1* VillinCreER™ ™ mice and distributed to four protocols.
(A) Experimental scheme to show the effects of d WNT10A supplementation (100ng/mL) on
Hsp60 deficient small intestinal organoids. Lower panel: representative pictures of the indicated
treatments and time points. (B) Measurement of organoid area (left) and life cell protease activity
measured by fluorescence (right) following indicated treatments. (C) Quantification of de novo
crypt formation (left); a, b, ¢, significantly different from each other, Kruskal-Wallis test on ranks
followed by Dunn’s test. Right: qRT-PCR analysis of Lgr5 mRNA expression in organoids in
response to WNT10A treatment. (D) gPCR analysis of Hsp60 mRNA expression. Bars represent
mean +SEM. Asterisk indicate significant differences *P<0.05; **P<0.01; ***P<0.001. Unless
otherwise indicated, One-Way ANOVA and appropriate post-hoc tests were used for all
statistical analyses. Data from organoid experiments derive from at least 3 independent

experiments.
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Supplementary Figure 10: Oxidative stress associated with HSP60 deficiency-induced
mitochondrial dysfunction seems to play a minor role in IEC

(A) Representative 8-OHdG IHC stainings of Hsp60~*E¢ and Hsp60"°/1ox control mice. Detailed
images of 8-OHdG IHC in higher magnification distinguish villus vs. hyperproliferative nodules/
non-nodular crypt regions of the jejunum. Positive control: tissue showing neoplastic changes
associated with inflammation. (B) gRT-PCR analysis of oxidative stress-associated genes in IEC
isolated from Hsp60YAEC and Hsp60™*i* control mice (N=5). Asterisk indicate significant
differences *P<0.05; **P<0.01; ***P<0.001. Statistical analyses were performed using unpaired
t-test.
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Supplementary Figure 11: Uncropped versions of agarose gels from the main figures
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Uncropped versions of agarose gels shown in (A) Figure 1B, (B) Figure 1D, (C) Figure 2, (D)
Figure 4C, (E) Figure 6A, (F) Supplementary Figure 1B.
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Supplementary Table 1. Primer sequences for genotyping

Allele Primers (5’ 2> 3’) Allele Primers (5’ 2> 3’)
tctgcctgcttettctgecttca - To caagcctggctcgacggec
Hsp60 KO accagaacaacctcaggcctcaat VillinCre cgcgaacatcttcaggttct
accaagaccctgtactcttaacc - T2-7g accatatccaccgagtc
Hsp60 flox aacttgacctagatgttgtgtgg VillinCregR aggaatgcgatgaagtag
atgcccttacctatcgtg Lgr5CreERT™- cactgcattctagttgtgg
Chop KO aacgccagggttttcccagtca Egfp™ cggtgccecgeagegag
atgcccttacctatcgtg gagactctggctactcatcc
Chop WT gcagggtcaagagtagtg DNA control ccttcagcaagagctggggac
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Supplementary Table 2. Antibodies and dilutions used for IF, IHC and WB

Primary antibodies: Companies: Dilutions:
anti-HSP60 (goat Santa Cruz Biotechnology, Santa Cruz, CA  1:200/
/rabbit (WB)) 1:1000 (WB)
anti-Ki67 (rabbit) abcam, Cambridge, UK 1:400
anti-OLFM4 (rabbit) Biorbyt, Cambridge, UK 1:200
anti-RSPOL1 (rabbit) Sigma-Aldrich 1:100
anti-GFP (rabbit) Cell Signalling Technology, Danvers, MA 1:100
anti-E-Cadherin (mouse) abcam, Cambridge, UK 1:300
anti-aSMA (mouse) abcam, Cambridge, UK 1:100
anti-WNT10A (rabbit) abcam, Cambridge, UK 1:100
anti-Lysozyme (goat) Santa Cruz Biotechnology, Santa Cruz, CA  1:25
anti-Citrate synthase (rabbit) abcam, Cambridge, UK 1:500 (WB)
anti- 3 -Actin Cell Signalling Technology, Danvers, MA 1:1000
anti-8-OHdG (mouse) abcam, Cambridge, UK 1:1000
Alexa Flour 488 anti-mouse  Biolegend, San Diego, CA 1:1000
F4/80

Secondary antibodies: Companies: Dilutions:
HRP-conjugated donkey dianova, Hamburg, Germany 1:300
anti-rabbit 1IgG

HRP-conjugated donkey Sigma-Aldrich, St. Louis, MO 1:300
anti-goat IlgG

Biotin-conjugated donkey abcam, Cambridge, UK 1:500
anti-rabbit 1IgG

Alexa Fluor donkey anti-goat Life Technologies, Carlsbad, CA 1:200
488/ 546

Alexa Fluor donkey anti- Life Technologies, Carlsbad, CA 1:200
rabbit 546

Alexa Fluor donkey anti- Life Technologies, Carlsbad, CA 1:200

mouse 647
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Supplementary Table 3. Primer sequences for quantitative real-time PCR and UPL probe

number

Gene Primers (5’ 2 3’) Probe | Gene Primers (5° 2> 3’) Probe
Hsp60 tcttcaggttgtggcagtca 1 Wnt7a  Ccdct99g9agagegtactg 12

ccectettctccaaacactg cgataatcgcataggtgaagg

Hopl0 O aegeagmageasct 77| WD anatgatatiag 49
CIPP  iacigeatigigiegtagatag 26 | wnBa o st 5
Chop  Jeihoacticotictogaaca 9L | Wnisb g sgecaneet 6
mooq _ficocancchsacac 25 |wmoa cSclcacecn
Pacie  (SCCIOeO0Nn  5p |wmop oe0songgessessonic 05
o getangacca oo | wnuioa JgESEcadcicas n
Ofma _ SSSCOR0MONA0  gp | wonop SO 5
o5 e g 60 |wnai e o,
panz SOOCGUAROC e |wnao Coactosesacd o
W Sescssnt g5 |mopo1 A
wp  SoweCctioy op | S g
Wiz gt o 10 Wy clmcddos e
wg  Cccccant o sL ke Cldmochcmeci
Wiz ClOSccOcescess o TO Ko s o
ey 2 |mep1 caccdoionccs e
wnisa _ Seoeoctosatce s |Ipi0  gcacaticor s
wnish SOSCCODGRACA 53 |Gape gesccaoocematas g
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19



