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Shigella transmission to human via alternative hosts
in environmental system

Shigella

By Moo-Seung Lee


http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.canstockphoto.com/images-photos/seed.html&ei=siCSVO3tDsP08QWBpYHQBw&bvm=bv.82001339,d.dGc&psig=AFQjCNEQ2xxPoiaeHphjz_SAVnpDskk5sA&ust=1418949132029467
http://www.sciencephoto.com/media/394280/enlarge
http://www.sciencephoto.com/media/394280/enlarge
http://www.sciencephoto.com/media/394280/enlarge
http://stock-free-images.net/pictures/26/images/cow-image-with-white-background.jpg
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://sobadass.me/2013/07/10/the-origin-of-faeces/&ei=3CWSVIubAYmb8QXXxoHgBA&bvm=bv.82001339,d.dGc&psig=AFQjCNEf_uT25ZEgL5O3ZaxH-MuoYpmd8A&ust=1418950455717740
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://sobadass.me/2013/07/10/the-origin-of-faeces/&ei=3CWSVIubAYmb8QXXxoHgBA&bvm=bv.82001339,d.dGc&psig=AFQjCNEf_uT25ZEgL5O3ZaxH-MuoYpmd8A&ust=1418950455717740

3| Y= NSHE N |F AH| I

=

(=7t SAZE, 2014)

L—
2004 2005 2006 2007 2008
== 488,017 481,891 BO3, 348 494 407 459,755
EU—27 158,970 156,973 157,354 159, 887 159,900
= e 3z, 081 32.323 32,938 33.14a7 33.877
] Ao} 17,200 16,500 16,550 17,180 18,580
FHLC} 14,725 14,810 15,110 14,907 14, 400
o A3 10, 568 10,303 10,125 10,2580 10,410
o0 = o, 72 S, 500 S, 520 o, 75D o, 725
| =3 5.367 5,044 8,093 5.518 g, 754
2 3IZ}olInt F.321 &, 455 7. 052 &, 055 8,550
= 2. 658 2,530 2,490 2,471 2,410
Z1E} 15,3495 47 . 416 50,013 51 .622 52,398
al= G0, a4 449 S0, 975 &1, 449 G2, 489 Gd, 400
= == 834 523 847 831 874 157 872 502 803 .262
AR =7 0= == (0 A5
Kg
(2012, S&AFLASH)
5,441 9,697,709
20 1
10005 O] 3tk 2,611 991,210
1000-50005% 2,496 5,392,899 15 1
5000-10,0005 229 1,513,454
10 o
10,0005 O] 4t 105 1,800,144



http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=HwKaz69bu92QSM&tbnid=rRPLf3uuFMIIAM:&ved=0CAUQjRw&url=http://blog.naver.com/PostView.nhn?blogId=saeronna75&logNo=20155776031&categoryNo=48&viewDate=&currentPage=1&listtype=0&from=postList&ei=NJ2KU5qJGIr28QX164CwAQ&bvm=bv.67720277,d.dGc&psig=AFQjCNE6z7uxPeIgR3pVkQWfMcTPv1AXbw&ust=1401679528130494
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=DPINYPiUxBU8EM&tbnid=npgUtGPi5d0NEM:&ved=0CAUQjRw&url=http://sketchpan.com/?hl0259=30433&ei=DZ2KU6fYD46C8gXag4KICw&bvm=bv.67720277,d.dGc&psig=AFQjCNFTG4Q90YVQOPKifunHDjYUjvvdAw&ust=1401679494985473
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=qsLvI7aYyyg5UM&tbnid=4d9kBislWav2VM:&ved=0CAUQjRw&url=http://cjl1104.tistory.com/entry/%EA%B0%95%EC%9D%B8%EC%88%99-%EC%9B%90%EC%9E%A5%EC%9D%98-%EC%86%94%EC%A7%81-%EB%8B%B4%EB%B0%B1%ED%95%9C-%EC%B9%BC%EB%9F%BC-%EC%BD%9C%EB%9D%BC%EA%B2%90-%EA%B0%80%EB%93%9D-%EB%8F%BC%EC%A7%80%EA%BB%8D%EB%8D%B0%EA%B8%B0-%ED%8C%A9-%EB%A7%8C%EB%93%9C%EB%8A%94-%EB%B0%A9%EB%B2%95-%EB%B0%8F-%ED%9A%A8%EA%B3%BC&ei=pZ2KU4i0Oo718QXU9IHoBw&bvm=bv.67720277,d.dGc&psig=AFQjCNG6ZH48QnVvBTMNHazF9zxxkxjkpw&ust=1401679642897885

) FETE AL =RS, 2011) .0

Q02 711% 77(304) 72(541) 3(6.0)
O 547% 16(6.3) 24(63.2) 7120.1)
&== 311% 0 0 0
W THHO| A 28.9% 100(39.1) 47(35.3) 26(52.0)
4DdpE= 25.3% 11(43) 16{213) 17(405)
153% 104) 6{15.8) 3(87)
111% 104) 227) 37.2)

LDAfFEsHs HE B.4% 0 0 0

PED 5 8% 13(5.1) 18(24.0) 9(21.4)



SN OS2 ANE T HR (2012, KAHIS)

200
180
160
140
120
100
80
60
40
20

189
92
4
Ay
Colibacillosis Salmonellosis Dysentery Clostridial

infection









N Qi8NS R

2SOl ™ moj

P2 OPE MY P BFY AN
Author Date Publication Country | Type | Economic Impact
Swine Health o :
Tacha et.al Jan 2000 oroduction us 0| & $ 5.88/pig
The Leman swine — o A
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respiratory or
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Localized
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Shock and
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Research Significance/Novelty

Goal & Impact on the field

To provide fundamental insights into cellular mechanisms (inflammasome) of human
host defense against EHEC Shiga toxin-mediated pathogenesis.

There is no satisfactory vaccine to treat the patient with Stxs-intoxication

- Shiga toxin-producing £.coli still public health concerns (110,000 cases/year)
- Complex modulatory immune system disrupted by STEC, thus hard to
mitigate disease progression

[nnovations:

- From this study, improved understanding differences in the innate immune response to , and
death caused by Stxs in the enhanced potential of Shiga toxin type 2 resulting in extra-intestinal disease

- Regulatory immunity to the intoxication at multiple steps in the signaling process so as to minimize
tissue damage.

- Elucidating fundamental cellular mechanism by which platform for resolution of the inflammatory
cytokines may be built into the induction phase

- Resolve the mis-link between apoptosis through ER-stress and pro-inflammatory response

- Resolving the mechanism by which Stxs mediate functional NLRP3 inflammasomes to induce response.

15



Outcomes of renal and neurological involvement in patients
with STEC-HUS.

STEC-HUS
| |
' '
Renal dysfunction Meurological dysfunction
100% of cases 20-25% of cases
MNeed for acute renal Residual neurclogical
replacement therapy dysfunction
30-40% of cases Unknown percentage

l

Residual renal dysfunction
{low GFR, hypertension,
proteinurna) 20% of casas

Howard et al., Nature Reviews Nephrology 2012

Shiga toxin in intestine
S. Shuller




Where did Shiga toxin—producing bug come from?

The Shiga toxin family

Shigella dysenteriae serotype 1 — Shiga toxin (Stx)
(in 1897, Kiyoshi Shigayrs«aqu]»jgrdy- dysenter\T

Serogroup

Enterchemmorhagic E. coll

Shiga toxin-producing E. coli (STEC) — Stx'1,|Stx2,

Stx1/Stx2 variants (O’Brien et al.,)

E. coll O157:H7 Serotype

Hemorrhagic colitis, HUS

Alternatively, called verotoxin,(in 1977, Konowalchuk)




Bacterial Shiga toxin secretion system.

Shiga toxin genetics

Lambdoid bacteriophage encoded
Induced on lysis

Ion-regulated expression, via Fur
Variants : Shiga toxin type 1 and 2

1.
2.
3.
4,

9

Shiga toxin expression

Quiescent state - phage lysogenic cycle

Phage late genes

933W

T=terminator

Induced state - phage Iytic cycle

2. o SN O ©

933W

Phage regulates the production of Stx through phage promoter.

9

Shiga toxin assembled in the unigue periplasm of gram—negative bacteria



Sources of S. dysenteriae and STEC

Shigella STEC
dysenteriae @ Developed countries

@ Developing @ Hamburger
countries

@ Unpasteurized fruit
@ Contaminated juices

@ Unwashed vegetables
@ Well water

@ Underchlorinated
swimming pool water

@ Petting zoos

 Bloody diarrheal diseases

« Acute renal failure

« Hemolytic uremic syndrome

 Central nervous system
complication




“6 Superbugs to Watch Out For”

1.Shiga toxin—producing Escherichia coli
2.Drug-resistant Gonorrhea

3.Extensively Drug Resistant Tuberculosis

4. ClOSt”di' Occurence of Hemolytic Uremic Syndrome (HUS) and
5.Methicilli .

6. Klebsiel «

Enterohemorrhagic E. coli (EHEC) Infection in Europe

ation (WHO) initially reported an
nic Syndrome (HUS) secondary to
rhagic £. coli; preliminary cases of

L mensen e )S were reported to have occurred as
e f May 2011,..... _ _ o
— secific effects of this particular £ coli strain
_____~———-"”ﬂ presence of Shiga toxins.”
F—
: hkd.\‘\ 1}-:'-.\\ ) :;.:\'\ . p .\\ - :‘:’A\'\ 5 .\\ vf.\‘- -F':. - I‘-\. 5 .\"'\u i o

by Rachael Rettner : .

Published December 14, 2012MyHealthNewsDaily M


http://www.euro.who.int/en/what-we-publish/information-for-the-media/sections/latest-press-releases/germany-investigates-outbreak-of-haemolytic-uraemic-syndrome
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001539/
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001539/
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001539/
http://www.cfsph.iastate.edu/Factsheets/pdfs/e_coli.pdf
http://www.cfsph.iastate.edu/Factsheets/pdfs/e_coli.pdf
http://www.cfsph.iastate.edu/Factsheets/pdfs/e_coli.pdf

Breaking News on 4/17/2013

Letter sent to US senator tests positive for ricin



http://www.jpost.com/Headlines/Home.aspx
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Shigella dysenteriae type 1 or Shiga toxin-producing E. coli
serotypes are major health problems

mmNon-0157 STEC (10157 STEC —Laboratories === CAMPYLOBACTER  srisss STECO157 = +LISTERIA = » SALMONELLA =——VIBRIO
' 4.00
5 i Z
= 25 / =
= jub)
3_ - 15 8‘ 2.00 _—
g 20 3
o [s] LT
o =. ___.-"‘ "'*.,‘
o @ 1.00 - = T - T T T T T e —
g 15 10 & TP £, T D s rr T L CLE ol T =
o "g SeemTaa il il TV g
hag | B e M r-ingttatterl - IR
3 10 5 N T e i
3 ) / ©Q o050
© =
o ° g
s 05 ,,-—-/ w
Z — &
0.25
0.0 0 » @ > g @ 3 ®
<] & & & & F & 4
2005 2006 2007 2008 2009 2010 qtgo'“ i +F 4 ¥ L : i i ¥
&3
Sero - Serotype Frequency of Ass | Involvement in | Association
pathotypel ociation with outbreaks with HUS
Disease and HC*
0157:H7, O157:NM High Common

026:H11, 0103:H2, 0111:NM, 0121:H19, O145:NM Moderate Uncommon

C

O5:NM: 091:H21, 0104:H21; O113:H21; O121:NM: Low Rare
0165:H25 and others +

O7:H4: 069:H11; O103:H25: O113:H4; O117:H7: 119:H25:
0132:NM; 0146:H21: 0171:H2: O172:NM: O174:H8 and others
M: 0136:NM: 0143:H31: O156:NM: O163:NM and others

- 06:H34; 08:H19: 039:H49: 046:H38: 076:H7; O84:NM: 088:H25; 098:H25: 0113:N

Bloody Diarrhea, HUS (Hyper Uremic Syndrome) —> 1.1million fatal cases per year 23

Low
Not implicated Not implicated -

M.S. Lee et al, 2014
M.S Lee, 2015
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@ Optical immunoassay ¢ Sensitivity/Specificity @ Shiga toxin Quick Check

TABLE 1 Delection of Shiga toxins in fromen siool specimens
tested directly after thawing and [ollowing broth enrichment with
the Bio%iar OLA SHIGATOX and Premier EHEC kits®

Alere §

No. of msulis

Sensilivity Spoecificity
Test Tre Tree False Fabe (%) (%)
Drect stool
A 46 13 1 5 EZ5 100
EA a4 13 1 B B 100
Becth enrichment”
OlA a4 M i & = 100 .
E1A 43 M o T LD 100
.
* A toal of BS samples were Lested. Positive resulls were confirmed by the 1 2
Vero cyloloxicity assay. -

¥ Eleven proviously froma samples failed 1o grow whea subcultured in Mac-
Conkey broth for carichment

SHIGA TOXIN




Progression of Shiga toxin—producing £.co/i (STEC) infection

INGESTION COLONIZATION TOXIN RELEASE

E.coli colonizes
the intestine

&P |
O Shiga toxin 1 Shiga toxin 2
&
bloody diarrhea
O severe abdominal pain
' hemolytic anemia
&> thrombocytopenia

30% hospitalization



Hemolytic Uremic Syndrome (HUS)
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Kidneys from Stx1-challenged non-human primates; glomerular filtration

American Journal of Pathology 182(4) 2013

ZEAR (AR DY)



Kidneys from Stx2-challenged non-human primates; Hemorrhage!

Corpus

Arteriola afferens
Arteriola efferens

Wasa capillaria

Tubulus rectus proxim

Tubulus rectus distalis
Tubulus attenuatus

Arteria arcuata
‘Vena arcuata

Arteriolae rectae

“ena interlobularis
Arteria interlobularis

Glarnerulum

culum renale
Tubulus contartus proximalis

Tubulus contortus
distalis

alis Cortex renis

L Tubulus renalis
colligens

} Medulla renis

American Journal of Pathology 182(4) 2013



Stx-

Bl AAHSBE

o"-ﬁ-) Kurosawa, 0| 2 S& H A E{HXEF= M E

Stx, Renal Pathology, and Chemokines

Table 2  Light Microscopic Findings after Challenge with Stx1 or Stx2

Glomeruli

Tubulointerstitium

Endocap Mesangial Mesangial

Tubular
Epithelial Tubular Interstit  epithelial

Toxin Dose (ng/kg) Survival (h) infil apoptosis  mitosis Distension flattening pyelo. (poly) hemor prolif./mitoses
Stx1 10 168™ 0 0 0 0 0 0 0 0
10 168™ 0 0 0 0 0 0 0 0
10 168" 0 0 0 0 0 0 0 0
50 58 0 0 0 1 1 0 0 0
50 72 0 0 0 1 1 0 0 0
50 72 0 1 0 1 1 0 0 0
50 74 0 0 0 1 1 2F 0 0
50 168™ 0 0 0 0 0 0 0 0
100 48 0 0 0 1 1 0 0 0
100 49.5 0 0 0 1 1 0 0 0
100 57.5 0 0 0 2 2 0 0 0
100 60 0 0 0 1 1 0 0 0
100 72 0 0 0 2 2 0 0 0
Stx2 10 111.2 0 3 0 1 1 2F 3 0
10 288* 0 0 0 0 0 0 0 0
10 672* 0 0 0 0 0 0 0 0
10 720" 1F(1) 0 0 0 0 0 0 0
50 84 0 1FS 0 1 1 0 2' +/—
50 96 0 2 1 1 0 0 2! 0
50 96 0 0 0 0 0 1F 0 0
50 112 0 4 0 2 2 0 4+ 3
50 121.6 0 4 0 2 2 1F 4+ 2
50 121.3 0 4 0 2 3 0 4+ 4t
50 128 0 3 0 2 2 1F 1F 2
Categories scored: +/— (occasional), 0 to 4+ where 0 = not observed and 44+ = most severe.

*Time at necropsy of survivor (survivor is :

"Medulla only.

=168 hours).

F, focal (otherwise diffuse); S, segmental (otherwise global).

American Journal of Pathology 182(4) 2013 29



Submucosa and microvasculatura
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INTRODUCTION

Normal St1 Stx2

Kurosawa et al., 2011 |Al

MS Lee 32
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* AB; toxin

One A subunit (N—glycosidase)
5 B Subunits

* Binds to Gb3 (globotriaosylceramide)
on target cell

e Inhibit protein synthesis

* Associated with HUS and neurological

complication

MS Lee 33



Enterohemorrhagic E.coli (&= &4 L&) Shiga Toxin




Structure of the Toxin

e on 16rRNA
1 intO

Ludger Johannes and Winfried Rémer 2010 Nature review microbiology




Internalization

5.
=

Differentiated-

THP1

Retrograde transport

o (Golgi to ER)
. —~ &S LEE et al, 2011 Cleave single adenine
crosol O ER @ residue
o (From 28rBNA)

O’Loughlin EV. et al (2001)



INTRODUCTION

*Protein synthesis inhibitors

Remove single adenine from
ribosomes to block peptide
elongatinn

Shiga Toxin

MS Lee 37
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Shiga toxin

|

Shigella dysenteriae

Cell Membrane

Early Endosome

Secretion  Paracrine

Inflammatory
response

K

ER Stress Autocrine



Overview of Therapeutic interventions against Stxs

- No toxin-specific therapy available
- Azithromycin, Ceftriaxone, Ciprofloxacin may reduce shigelosis severity.

1. Synsorb-Pk : analogue Gb3 membrane bound synthetic material, Phase 1
2. STARFISH

3. Diuretics

4. Peritoneal dialysis or Hemodialysis (kids)

5. Exo2 : blocker of the toxin-trafficking

6. Cell-permable peptides



OfLAAH : Stx-neutralizer

=
B SUPER M;  Trisaccharide
T TWIG (mmol/g)

(D2 1490 1.34
(D3 2145 1.40
(DS 3382 1.48
(1),6 3973 1.51
(1,6 4029 1.49
(D6 4057 1.48
(1.56 4101 1.46
(2)6' 4574 1.31

Time (days)
Kiyotaka Nishikawa et al., 2005 JID

_si" S,

M 1N
Stx2 5 ’ . @
., . ‘.‘_‘-' \{
..“"‘-... o "..'.. 7

e, ool

o,®
- ) Receptor? LI oo
N _H/ 1 °
@ e
O:f"'[' B% 0;' yd g. O\ ""’J;egradation

\“'--_-- v \ I

: O\

active A1-subunit lysosome
cytotoxicity Macrophages
. "y

Target cells

Arch. Immunol. Ther. Exp. (2011) 59:239-247



Host responses and defensive signals to Stxs we_stx

HOOC

StX]" StXB’ StxA" Human monocytes/macrophages
Human Kidney
Monocytic cells.
ER STRESS Differentiated THP-1 cells Hooe E167Q R170L
. . . . . Stx B sub
Mitochondrial-mediated Non-Mitochondrial pathway
pathway v
Adaptive response
Autophagy, &

Bcl-2 family

= c>/ Death Receptors
in)

Apoptosns or Survival?

Mooseung Lee et al., 2011 -..



INTRODUCTION

5
o) STEC &, dyzenteriae
8 lBi.nd ‘Lmvasinn
% Intestinal epithelial cells Intestinal epithelial cells
Q
= | |
Ng Colonization Ulceration
S Production of
\‘ Stxs ‘// Inward et al(1995) Vero cells

v

Toxin translocation across undhdw::n gut epithelial cells’ Apoptosis KO“O et al (ZOOO) TH P— 1 Ce”S
of colonic epithelial cells (7))

v

Blood stream Fujii et al(2003) Hela cells
/ Inhibition of
\ neutrophil
:Fpgpﬁ‘h;ﬂis apopiosis
i Apoplosis
endothelial :I!’m:: of renal
cells endothelial endothelial
and
cells (7) epithelial
cells

Cherla R.P. et al (2003) Sang-Yun Lee 42



INTRODUCTION

Apoptosis

Apoptosis

vProgrammed cell death
vCytoplasmic condensation
vMembrane blebbing
vLoss of cell adhesion
vFragmentation of chromosomes
vDriven by activity of caspases

Sang-Yun Lee 43



q (¥
A 15 0 O 2013 122: 803-806
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online June 3, 2013

Quiescent complement in nonhuman primates during E coli Shiga
toxin-induced hemolytic uremic syndrome and thrombotic
microangiopathy

Benjamin C. Lee, Chad L. Mayer, Caitlin S. Leibowitz, D. J. Stearns-Kurosawa and Shinichiro
Kurosawa

Cell injury markers.
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Monocytic cells : Stx1 induces apoptosis via ER stress

Six1

%

\’Gb3
= e
———— . » J' ‘ e —
Golgi /: T—
Cﬂz"‘] 'D"O
0o
0 _ . Ju—
T Procaspase-3 l/ Caspase-3
& & * . IRE1 T

', ERStregs 4 Srl
. XBP1 1 .
e —— @HOP » DR5 (TRAIL-R2)1

"o
LI
D -

Sang-Yun Lee, Moo-Seung Lee, Rama P. Cherla and Vernon L. Tesh (2008) Cellular Microbiology



Proposed model of stress-activated cytotoxic signals by
Stxs in toxin-resistant versus toxin-sensitive cells

Converting pro-survival signal to autophagic death signal by pathogenic bacterial Shiga toxin

Stxs

Stx-resistant cells J Stxs

Stx-sensitive cells J

w

Cyt crelease

DR5
Beclin1 Bax/Bak
— Caspase-3, -8
‘L c-Calpain
-

— ]

SY Lee, M.S. Lee et al,, 2008, Cell. Micro.
Gb3_overexpressed in cancer cells: found it’s very sensitive to the purified Shiga M.S. Lee et a/-, 2010, AL

toxin. (Johansson et al., 2009) MS Lee ef al. 2011 Cell.Micro



Shiga toxins — from cell biology to biomedical applications
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3. Advanced tumor X| & 7}&.

4. Targeting. Shiga toxinA}A{| 7} Multi-drug resistance@l S0l 215
(Proulx et al.. 2001: Tarr et al.. 2005; Palermo et al., 2009)
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Perspectives of disease early detection

Shiga toxin as medical tool:

-Using non-toxic B subunit, it can be engineered for solid tumor targeting(TF)

- TRAIL would be clinically effective for combination cancer therapy - in vivo delivery
of contrast agents to tumors(tumor detection), molecular imaging applications such
as noninvasive PET

Shiga toxin-receptor as cancer biomaker:

- Toxin receptor, glycosphingolipid Gb3, which is highly expressed on human
cancers and Inflammatory ,Biomarker® during early phase of the infections in
nonhuman primates

N IE Lung tumor detection
« Gl-colon cancer

d ¥
%o 74 Ludger Johannes et al., 2010

y



Applications of utilizing the AB. toxin as powerful cytotoxic protein.
1. Generation of format to kill tumor: Site-specific conjugation, Fusion for chimeric protein
2. Powerful tools of therapeutic peptides delivery by utilizing StxB (TAH|Z 0| 2|5t AAS 1 =L}

AB; toxin
A,,, monomer

/@lz Retro-trafficking : Golgi - ER
l/ Therapeutic peptide
2.

‘ MHCI transporter

Shiga toxin A, : N-glycosidase activity (Lingwood 1999 Nature)
Subtilase : Charperone BiP cleavage-mediated target cell killing (Paton et al., 2006 Nature)

B

sub pentamer

Tumor arrest + killing effect

B-subunits bind Gb3 on target cells with high specificity followed by retro-trafficking.

Irreverisible cytotoxic effect with AB; toxin-toxic genetic fusion chimeric proteins
of H2HELIJM? Asubunit2 Z=st EAENLE & 4AE (new immunotoxin)
B subunit2 lysosome= 1loll Jt= = &8t natural 8 & M|.(gene therapy)



ADCC

Barnase Shiga-like toxin of E.coli  Pseudomonas toxin Fc domain
of IgGy1 CDC
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I &

Binding with
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!Endosomal_ binding binding
internalisation r_\/ [ cite ite

—— /- e 4
Protein synthesis —_ :_
inhibition ~N I
Hydrolysis of cellular RNA N-glycosilation activity ADP-ribosilation of EF-2
to 28S rRNA
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Alexey et al, 2011 Plosone
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Challenge!

Shiga toxin type 1 or Shiga toxin type 2

‘?

Pro-inflammatory response
VS.
Anti-inflammatory response




Inflammasome and Diseases

Microbial Attack Sterile Attack

PAMPs DAMPs
Gout

Inflammasomes

Chronic/Acute
Inflammation

Artheriosclerosis

Type |l Diabetes

. rosis
Prion

Joints
Rheumatoid Arthritis Inflammatory Bowel Disease
Gout
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Stx-mediated Immune response in kidney

Kidney

Potential role of human proximal tubule epithelial cells in the pathogenesis of the Hemolytic Uremic
Syndrome.

- = - =
EHEC

Stx “piggybacks" on neutrophils

Chemokines
MIP-1c., MIP-1B

Erin lentz, MS LEE et al., 2011



=2 MUOIsAl 8222 S5 St &

]
I
0

= ESsEMOIEIIC= @

Short-lived mREMNA

Mormal translation

HEALTHY SHIGA TOXIN
Increased

Normal A

gt transcription p |
transcription o . CXCR4 f’

(e.q ) )’ 4 it
177} ' 7 ’ /
—— A (——————— [\¥Y -
[ —F ."C:?_
—_— (—————— T.VV [———————— 177 / ' /

Increased RMA stability
l (2.g. ET-1, CXCR4)

wala. el | AN
iy, ) ¢
wiala ataia.. |

{e.9. CXCR4)

Tania N Petruzziello—Pellegrini

Virulence 4:6, 556-563; August 15, 2013; © 2013
Landes Bioscience




&

i

™ - - o =
o3 e | panyieiLIoN

;& :
1 2,
F L
: .
TLIR

abusyn plog vanNL

e P e PP

uw £ L =

- - - =
i 1| paZIjEULON

-

o

£ @

MRMNA

]

#BuEYD plod T-dNL

<

e P P
Protein

mRNA

Protein

& P PP

nd. nd nd nd ond nd

— = -3
e gf-) pazieULON

L ER gl =

sBueys prog 1w

L

K]
o [
LY
[ %
HE?
2f a
- % 2% 9" 3
- = = = =
B =7 paTieLoN
%
@
&
G
5

ebueys prag -1

Protein

MA

Mk

Protein

e
&
W
%

- - =

pu B g paTaR Lo

Protein

abueys plod g

LA BN A

i gy| pezeuLcn

Protein

6or F oS s g

sBueys prg gl

8]

WA © |-gl|}y paziEUON

abiueys pod oL-dil

s« d o & & d
PR T ]| TR

.Mm.a:m, _._ouﬂ—.n_:..__n

(]

S B

Protein

Protein

MRMNA

R I

- e & &

o
1y o Lol iy paIEwsen

sae

R

mMRNA

Protein

)

Stx2 (min

@

L]

abueyd prod L-din

a5

L

4 3 3 2 2 3
B i |-l POcE][HELION

PP g

mRMNA

e

“aBueyd plod Hi-diW
L

Protein

Stx1 (min)

Erin lentz, MS LEE et al., 2011



Role of TNF-a for pathogenesis by Stxs

TNF-a administration to mice after
intoxication alters renal histopathology

Confirmed by TUNEL

Lentz et al., Infect Immun 78:3689-3699 [2010]



Neuron—Shiga toxin Immune response
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Shiga Toxin 1 Induces on Lipopolysaccharide-Treated
Astrocytes the Release of Tumor Necrosis Factor-alpha
that Alter Brain-Like Endothelium Integrity

Veroénica I. Landoni'*, Pablo Schierloh’, Marcelo de Campos Nebel?, Gabriela C. Fernandez’,
Cecilia Calatayud?® Maria J. Lapponi®, Martin A. Isturiz’
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“Whether Stxs similarly affect inflammasome function and

posttranslational processing mechanisms necessary for IL—-1
secretion remains to be clarified..”



Shiga toxin is capable of activating MAPKs in host

Cytokine analysis from baboon tissues

Vernon Tesh 2012, Cell.Micro.
Leyva-Illades and Lee et al, 2012 IAI
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CARDIOVASCULAR, PULMONARY. AND RENAL PATHOLOGY

Stearns-Kurosawa et al., 2013

The American lournal of
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Distinct Renal Pathology and a Chemotactic Phenotype
after Enterohemorrhagic Escherichia coli Shiga Toxins in
Non-Human Primate Models of Hemolytic Uremic Syndrome
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After Shiga toxin challenge, inflammatory cytokines upregulated
in babbon HUS model.
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Urine biomarker in Stxs-challenged babbon : Chemokines

Table 3 Renal Interstitial Inflammatory Cell Infiltrates

Toxin Dose ng/kg (Mo.) Survival, average hours (range) Mono (Range, 0—4) Poly (Range, 0—4)
Stx1 10 (3) 168" 0 (0) 0 (0)

50 (5) 69 (58—168) 0.20 {(0—1F) 0.6 (0—2FE)

100 (5) 57.4 (48—72) 0 (0) 0 (0)
Stx2 10 (4) 153.8 (111—168) 1.5 (0—2F) 1.0 (0—2FE)

50 (7) 108.4 (84—128) 0.42 (0—2F) 1.3 (0—2FE)

*Animal survived to day 7 (necropsy at approximately 168 hours).
E, infiltrate includes eosinophils; F, focal (otherwise diffuse); Mono, mononuclear; Poly, polymerphonuclear.
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Shiga toxin 1-induced pro-inflammatory response
regulated by mTOR signaling.
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Proposed model
Shigella dysenteriae
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