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implications for vaccine development and diagnosis
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ABSTRACT

Leplospirosis is a worldwide zoonosis caused by bacteria from the genus
Leptospira. Several reports have suggested the roles of cylokines in pathogenesis of

this infectious disease. In this study, cytokine gene expression in kidneys, livers and

lungs was investigated. In additi

cytokine gene expression, the expression of
Leptospira genes at target ’ éﬂjﬂi Golden Synan hamslers were
injected with virulent &‘Laﬂam&ans serovar Pyrogenes. Kidney,

——

A —

—

liver and lung tissus ination and gene expression.

RNA was exira ormed to demonstrate the

expression of h IP-10 in tissues. For

Leptospira  gene. expre _ S_RNA, LipL 15@.32 and collagenase gene

ZeONY)
LipL21, Lip32 and collagenase exy

-

suggested that 4*
such as in sim@br‘iﬂﬂ's‘

----------------- t.  Further experiments
e thg"ﬂ(o!es of both cytokine and

Leptospira gene expression in pathogenesis in affected organs.
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INTRODUCTION

Leplosprrosis 1s a worldwide zoonosis caused by spirochetes of the genus
Leprospira. It has been «dentified as a re-emerging infectious disease in rural and
urban environment in both ingustnalized and developing countnes. Leptospirosis is

transmitted by direct contact with unne from infected animals or indirect contact with
‘ , y inaton of Leptospira throughout the
! Anif&slﬁtima. Clinical symptoms of

leptospirosis vary fromi.subcliics D@ﬂl adverse effects. In severe

elucidating mecha

response in te;:-mﬁmsrs

prevention of the disease.

B [V TP it v S
RN TR T YTE TR e

pru:qction by CD4+T cell and YOT cells and Leptospira interrogans serovar Rachmati

ant nf@nm effective treatment and

induced IFN-Y, IL-12p40, ano TNF-QL in human whole biood [10, 11]. These dala
suggested that leptospires induced Th1 cylokine response. Campet et al, supported
the role of TST cells in immune response to Leptospira by using lived leptospires to
stimulate peripheral blood mononuclear cells. They found that when high number of
leplospires was used, majority of expanding cells were TﬁT cells. However, low

number of leptospires induced significant Ul:BT cell expansion instead [12].



Expression of IL-2, IL-4, IL-10, IL-12p40, TNF-OL, IFN-Y, TGF-f in peripheral
blood mononuclear cells of hamsters infected with L. interrogans serovar
Icterohaemorrhagiae were shown using real-time PCR assay [13]. The increase in TNF-
QL. IFN-Y, and IL-12 expression could be detected since a few hours postinfection;
however, levels of IL-4 and IL-10, anti-inflammatory cytokines were prominent in delayed
samples from 1 to 4 days postinfection. /

Y
Immune responsesto components d%_m;es have also been demonstrated.

-
Glycolipoprotein of Leptosgi -interragans serovar Copenhagen induced IL-6, IL-10,

and TNF-OL prod ju/

: ""Are igans serovar Shermani induced NF-kB activation

npheral blood mononuglear cells [14, 15]. Outer
membrane protein

and expression of 'CF‘—T:gnd'TNF-m in medullary thick ascending limb

cells [16]. These data/s ge'stad t*cytukme production may be involved in

ad l

u,sex;lcby Ea@ﬁﬁpu'usia Tran et al, [17] demonstrated that
Le,m_ogp:ra ﬂ!ﬁ'p‘s §ercvar Shermani increased type |
ECE ;;,://,

and type IV collagens and’ —EEE-B :nﬂmm lubular cells and suggested that
CtJ

Leptospira may eguse renal ﬁllurﬁ’ by enh‘ﬁclng extm:;emfaf malrix synthesis.

tuberlointerstitial nephr

outer membrane protein

s

Chemnhi 85 are invol jaf lymphocytes in infected
fissues. Imarferq\)-gamma inducible protein-10 kDa {IP-‘IG} or CXCL-10 is a CXC

chemokine which is a T cell chemaattrac!anl Expressmn of IP-10 has been found
among patigntscSuffering fram! d’seasﬂg ﬁsaﬁ):latmi with a '-ty’p*é 1 immune response,
including tuberculosis, scrub lyphus He.rmobacrer pylor gastrilis sand chronic viral
hapaliﬂﬂ?la 21] It ha$ beén, rapt?fﬂeﬂl that Laprﬁsp:ra activated T cell expansion (12).
Plasma IP-10 and Mig fmoncknne mduced by IFN-Y) were higher in patients with definite
or possible leptospiresis than in healthy donors [22]. Other chemokines such as
monocyte chemotactic protein-1, neutrophil-chemoattractant chemokines (CXCL1/KC)
and CKCL2/MIP-2 were induced by leptospiral outer membrane protein [16, 23, 24).
Most reports on cytokine production in response to leptospires were done using
peripheral blood mononuclear cells from infected animals or in vitro stimulation of

certain cell lines with Leplospira or Leptospira components. In this study, we



demonstrated the presence of cytokine in kidneys, livers and lungs the organs
commaonly shown pathologies in leptospirosis patients.

The cytokines investigated in this study were TNF-QL since it is a proinflammatory
cytokine, IL-10 and TGF-B for their roles as anti-inflammatory cytokines and finally, IP-
10, a chemokine which may be involved in T cell recruitment to infected organs.
Expression of IL-4 and IFN-Y were not investigated in this study as we originally
proposed since it has been reported by Athanazio el al [25] thal mice with IL-4 or IFN-
Y deficiency showed no difference mf?d al rate following Leptospira infection

compared with normal mice. /

In addition to cytokine Study, tha}axprgﬁljﬁ{,ppmsprra genes in kidney, liver
and lung tissues wer&'imﬂﬁ,ﬂ O ter mmﬁapﬁ”mmeins are good candidate for

serological diagnosi

opment since its exposure and accessible to
Temraﬁe preteins (OPM) of Leptospira have been
; mas! gldled leptospiral outer membrane protein,
ed daniéﬁﬂkldnax demonstrated  intense LipL32
cells and .lhe‘i}')‘?rg;itiﬁm which suggested that this protein
may be involved in tu ershtﬁl-nepﬁé'y} Acute a’ﬁd convalescent sera reacted
strongly to LipL32. Seq nnp \ef_ LtpL&Zh.ﬁghw conserved among pathogenic
leptospires [27].[28]. For thes,ea ;eason?f@ﬂg has been widely studied as a
candidate protein, ﬁr diagnostic tool and vaccine dwain@nl [29, 30]. Uts role in

pathogenesis has-&lﬁp been suggested. LipL32 triggere
2 PLael

host immune system
identified [4, 26]. Li
Immunohistochemistry

reactivity in proximal

gn-d'tﬂammamw response in

T

mouse renal proximal fubule cells through a mechanism m@lwng nuclear factor-kB and
Toll-like receptor-2 [24, 31],

LipL21 TE«’E?‘F «D4) I|ﬁ;ﬁpr|}:1§€'h Whick Expr&s&és i) VinoF «a"nd is found only in
pathogenic strains. It is the SECDHd abundance Lepmspfra DMPS and has been widely
studfeq for, m‘hmagiae eﬂagn;;sis aemmmerq. Hmwr If$ fole4n, pathogenesis has
not been ‘well studled. “In additior! 1o ‘Dﬁ-'lF’s we are |ﬁterea”lei‘3‘ in stud’yh"tg the role of
Leprnspfra collagenase in tissue pathologies. Collagenase is an extracellular
toxinfenzyme. Collagen is an integral component of connective tissues that surrounds
most organs. Collagenase hydrolyses collagen molecule which contributes to the loss

of tissue integrity. Therefore, collagenase may play a role in tissue destruction,



Leptospira collagenase gene has been identified; however, its role in pathogenesis has
not been studied.

MATERIALS AND METHODS

Bacteria and Animals

Leptospira interrogans serovar Pyrogenes, and isolale previously shown to

interrogans serovar

postinfection (4 ham ed for each timepoinl).  This group of hamsters was

injected with the isol / awet from i quid nitrogen so the isolate was. still

virulent. This group

Kidrﬁ. ﬂ%ﬁgl‘:%% %ﬂﬂ%ﬂﬁﬁand avirulen! groups

were preserved in 10% formalin, Heg_'n}tuxylin & Ens.inn (H&E) stainir&yas performed

srmb A R aL D

e sources of all slides,



10

RT-PCR

Tissues for gene expression were preserved in RNA stabilization solution
{Qiagen, CA). Total RMA were extracted from 0.01-0.2 g of tissues using TRIzol reagent
{Invitrogen, CA) according to manufacturer instruction. One ug of RNA was treated with
RNase-free DNase | (Fermentas, MD) for residual DNA removal before using in cDONA

synthesis. cDNA synthesis was pe ed by using random hexamer and M-MulV

reverse ranscriptase (Ferme

mers specific 1o genes of interest.

_

Complementary
Sequences of primers, were shown in Table 1 and 2.
PCR products were ! & agargse gel eleclrophoresis and sent out for

sequencing to veri

FONUUMUSNNS )
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Table 1 Primer sequences and expected PCR product sizes

11

Primer names Sequences Product
sizes

HPRT F | 5-CTGAAGAGCTACTGTAAYGAT-3 -

HPRT R | 5-TTTCACCARCAAGYTTGCAA-3

INF-0L  F | 5-CCCAAAGGGAAGAGAAGTTC-3'

TNE-CL R[5 CCACTTGGTGGTT'FGCTACAS 12

TGF-f3 F |5 cmcmrrecnme(@ca -

TGF-ﬁ R | 5-GTASAGGGCMAGGACCTTRCT-3'

L1 F 5ﬁeA/seAcn"}MGGGﬁacs o

10 R z@w'rc@rmcmc-a

P10 F'| 5-GAATCCCICTTICAAGGACAGT-3 e

P10 R.{’5-TAGTAGAGTIGGGGACTCTTGT 3!

16SrRNA F ic%c;fc%c&g_@emﬁcm-a' oo

16SRNA R | 5 CTIAACCTGCTGCCTCCOGTAS

Lpl21  F | 5- Gaﬁscﬁenccmgmm 3 »

Lpl21 R |5-CGATTACAGATGCABTAGCTTC-3

Lipl21  RR) 5-GTGGATTGCATCATCGCTTGAC £) 225

LipL32 15 ‘ 'ﬂMﬁTGCWGGGTQ{GA‘CTGC-a' -

Lipl32 R | 5-TGTTAACCCGGGTTACTTAGTCGEGTCAGA-

Lipl32  FF | 5-TGGATCTGTGATCAACTATTACG-3' .

LipL32 7 |RR || 5:6AC TTGACE TRBTITGTAGETA)

CollagenaseF 5'-TCGACMCAGTMGCGTYAGC_G' 209

Golldgenasé R) |\5-GGTGCAAGGTAACTIECATTACS




Table 2 PCR conditions

12

Denaturing Annealing Elongation
Primer names # of Cycles
¢c) (c) c)
HPRT 94 62 68 40
TNF-CL 94 62 68 40
TGF-P3 94 60 68 30
IL-10 94 50 72 35
IP-10 N 72 3
—
165 rRNA 94 ’ G 72 30
LipL21 56
B2 o il ¥
LipL32 TN
59 72 30
(external round)
LipL32
z 72 30
(internal round) NPy
Collagenase l i;;@j@)/ ‘t\ 72 40
SRl
N i o
Microscopic agglutinatic (MAT) ~
MAT 1s the refer e cting antibody to Leptospria which can be
‘/-\‘ I
used for both bile luled 1:10 before mixing with
o intotoa £
Leplospira interrogans glutination was observed under a

dark-filed microscope. Sera that gave positive results were further diluted to obtain end

point or antibody titer.

NOTUUINU
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RESULTS

Kidney, Liver and lung pathologies

Kidney, liver and lung pathologies were summarized in Table 3 and Table 4.
Although these two groups of animals were injected with the same isolate of Leptospira,

lissue pathologies observed were ar. Pathologies in kidneys, livers and lungs

(o'

ol
-

3

.

24
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Table 3 Pathologies observed in kidney, liver and lung tissu avirulent Leptospira

(" = days postinfection)

- Liver Kidney

3 | Normal tissue morphology. MNonmal tissue morphology.
Secton of lver reveals normal architecture Section reveats normal renal bssee including
without evidence of inflammation. both corex and medulla. No evidence of

inflammation s present.

3 | Congestion with moderate hydropic Mormal tissue manphokogy
degeneration. Section reveals normal renal tissue including
Section of liver reveals vascular and bath cortex and medulla. No evidence of
sinusoidal congestion with moderate dence . inflammation is present.
hyropic degeneration of hepatocytes. NG, {0
ewdence of inflammation is present. I P

3 | Congestion with moderate hydropic "v ﬂu Normal tissue monphology
degeneration Section reveals lung tisswe showing Secton reveals nonmal renal tissue mcluding

Section of Iver reveals vascular and

AL

hydropic degeneration of hepatocytes. Mo

sinusoidal congestion with modera

m“‘mtgwwmmﬂiuwﬁm

wastular copgestion. No evidepee of

Vet U

c-

{

both cortex and medulla. Mo ewdence of

inflammation is present.

N\ e

14



Liver

Congestion with moderate

hydropic degeneration

Acute portal triaditis, mild

Section of liver reveals vascular and
sinusoadal congestion with moderate
hydropic degeneration of hepatocytes. Focal
mild acute infiammatory cell infltration at
poral friad is noded.

Hidney

Congestion wilh moderate hydropec

Section of ver reveals vascular and
sinusoidal congesbon with moderase
hydropic degeneration of hepatocytes. Focal
mild acute inflammatony cell infiltration at
portal tnad s noted.

Mormal fissue morphology

Section reveals nommal renal tissue including
both cortex and medulia. Mo evidence of
inflammation is present.

Section of liver reveals vascutar and

hydropic degeneration of
R 1\ (o
q

portal triad is noted.

i

Mormal lissue morphology

Section reveals normal renal tissue inCluding
both corex and medulla. Mo evedence of
inflammation is present.

NI

Narmal tissue monhology
Section reveals nomal renal ssue including

v S
IR

15



Liver

Kackmexy

14

degeneration . Acute portal triaditis,mild
Section of lver rewesals vascular and
sinusoidal congestion with mild hydropic
degeneration of hepatocytes. Focal mild
acute and chromc inflammatony cell
infiltration 2t paortal triad is noted.

Mormal tissue monphalogy.
Secton reveals normal renal issue including

both cortex and medulla. Mo evidence of
inflammation is present.

14

Tissue was missing during staining process.

Normal tisswe monphology
Section reveals normal renal tissue including

A SN G S

both cortex and medulla. Mo evidence of

inflammaliic é/' inflammation 1s present.

14

Congestion with moderate hydnopic
degenerabion.

Section of liver reveals vascular and
sinusoadal congestion with moderate hydropic
degeneration of hepatocytes. Mo evidence of
inflammaticn is present.

Monmal fissue morpiology
1 Section reveals normal renal issue mclading

| both cortex and medulla. Mo ewdence of
| inflammation is present.

MUUINEUINTS )
NNV INENRY
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" Liver Kadney

21 | Congestion with moderate hydropic
degeneration. Chronic portal triaditis, mild
Section of lver reveals vascular and
sinusoidal congestion with moderate hydropic
degeneration of hepatocytes. Focal mild
chronic inlammatony cell infiltration at portal

Normal tissue merphology

Section reveals normal renal tissue including
botty conex and medulla. Mo evidence of
inflammation s present.

triad is noted.

21 | Secbion of liver reveals vascular and
sinusoiwdal congestion with moderate hydropic
degeneration of hepatocytes. Mo evidence of
inflammation is present.

MNormal issue monphology

Section reveats normal renal Bssue inchuding
bath cortex and medulia. Mo evidence of
inflammation is present.

21 Congestion with moderate hydnopic Vascular congestion

degeneralion. Chromc portal riaditis, Secton reveals renal lssue including both
moderate. Section of liver reveals vascular ‘;‘ ' 4| cotex and medulla. Diffuse vascular
and sinuscedal congestion with modarate -
hydropic degeneration of hepatocytes. Focal
chranic inflammatony cell infiltration at portal

congesbon is noted. Na exdence of

inflammation is presoent

triad is noted.

h 9/1 € 2
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Table 4

Pathologies observed in kidney, liver and lung tissues _

= days postinfection)

Liver

18

Presence of swelling of hepatocytes al
centrilobular areas, mild.

Section of liver reveals mild swelling of
hepatocytes at centrilobular areas. No
inflammatory cell infiltration is detecled.

Kidnay

Moderate swelling of hepatocytes al centrilobular
areas with presence of few neutrophilic infiltration
in sinusoids.

Section of liver reveals moderate swelling of
hepatocyles al centrilobular areas. Few scattered

neutrophilic infiltration in sinusoids are delected.

Mild acute wbular cell injury.
Section reveals mild swelling of proximal renal
ubular epithelial cells with congestion of vessels in

the parenchyma and glomeruli,

Mild acute tubular cell injury.
Section reveals mild swelling of proximal renal
tubular epithelial celis with congestion of vessels in

the parenchyma and glomeruli,

Moderate swelling of hepatocytes at centrilobular
areas and some hepatic lobules with presence of
few lymphocytic infiltration at some portal tracts.

st reens sirsst 6 1111191811573 -
el

hepatocytes at centrilobular areas and some

hepatic lobules. Few lymphocytic inﬂ!vm»Wr-
some portal tracts are detacted.

on shows focal atelectasis. No inflamm cell

is present. Q .

i

ANNIUUKNING

Mild acute tubular cell injury.
Section shows renal tubular cell swelling with focal
tubular epithelial necrosis. The glomeruli are

unremarkable.




Liver

Mecderate swelling of hepatocytes at centrilobular
areas and some hepatic lobules with presence of
few lymphoclic infiltration at some portal tracts.
Section of liver reveals mederate of swelling of
hepalocyles al centrilobular areas and some
hepatic lobules. Few lymphocytic infiltration at

some portal tracls are detected.

Kidnay

Congastion.

Section shows dilated hepatic sinusoids which
contain red blood cells together with congested |
central veins and hepatic veins, There are mild

lymphocytic infiltrale at some portal tracts areas.

Moderate acule tubular necrosis.
Section reveals generalized tubular epithelial
swelling with scattered tubular cell necrosis. The

glomeruli are unremarkable.

Congestion.

Section shows dilated hepatic sinusoids which
contain red blood cells together with congested
central veins and hepatic veins. There are mild

lymphocytic infiltrate at some portal tracts areas.

Moderate acuie lubular necrosis.

Seclion shows generalized tubular epithalial
swelling with scattered tubular cell necrosis. There
ara protein casts in some tubular lumens. The

glomeruli are unremarkable.

19

Severe acule tubular necrosis.

Section shows generalized tubular epithelial
swelling with scattered tubular cell necrosis. There
are prolein casts in some tubular lumens. The

glomeruli are unremarkable,

Moderate hepatocytic swelling with congestion
Section shows moderate ballooning degenerati
of hepatocytes mostly at zone 3 are

e AR AU ING-

hepatic veins.

UYL N3

Mild acute tubular cell injury.
Section reveals mild swelling of proximal renal
t QJI ithelial cells with congestion of vessels in

chyma and glomeruli,




Congestion.

Section shows dilated hepatic sinusoids which
contain red biood ealls together with congested
central weins and hepatic veins. There are mild
ymphocytic infiltrate a1 some poral tracts aregs.

The

Hidney

Maderate acute tubular cell injury.
Section reveals feathery degeneration of prosimal

Focal hepatocytic sweling with congestion.

eclion reveals focal area of ballooning degeneration
of hepatocytes together with congestion of hepatic
sinusoids, central veins, and hepatic veins. There
are few scattered hymphocyles infllrate in the
sinusoids

renal lubular cells together with swelling of distal
renal tubular epithelial cells. Some tubules contains
egsinophdic protein casts.

Generalized hepatocytic swelling with few scatiered
Iver ol necrosis n hepatic lobules,

Section shows generalized ballooning degensration
of hepatocyles and few scatiered liver cell necrosis
in hepatic lobules ogether with congestion of e
hepatic sinusgids, central veins, and hepatic veins.
There are few lymphocytes infiltrate in the

NN

and some panal racls.

9

Earty renal necrosis.

Section discloses generalized karryonexis of renal
epithelivm with shrinkage of the renal twbules and
generalized necrosis of glomernular cells.

malony

infiltration throughout pulmonic parenchyma. Focal

oo smoata a
U INEUINT]

ANTURINE

Moderate acute ubular necross.

Section reveals generalized tubular epithehal
swelling with scattered tubular cell mecrosis. The
glomenul ane unremarkabile.
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)
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_Lung

Congestion :

Section shows dilated hepatic sinusoids, cenlral
wveins. And hepatic veins, containing numerous red
cells. There are mild lymphocytes infiltrate at some
portal tracts.

Section shows generalized hepatic swelling and
congestion of sinusoids, central veins, and hepatic
veins. No inflammatory cell is detected..
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Mid acute tubular necrosis.

Section shows renal tubular cell swelling with focal
tubular epithelial necrosis. The glomeruli are
unremarkalie.

Mild acute tubular necrosis.

Section shows renal tubular cell swelling with focal
tubular epithekal necrosis. The glomenyd are
unremarkaible.
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TNF-@, TFG-J3, IL-10, and IP-10 mRNA expression

HPRT mRNA expression in all tissues was detected to demonstrate lhat
successful RNA extraction and reverse transcription were obtained as shown in Figure
1 for tissues from non-infected hamsters, Figures 2-4 from hamsters infected with
virulent Leptospira and Figures 21-23 from hamsters infecled with avirulent Leptospira.
HPRT mRNA expression was detecled in all tissues tested.

TMNF-OL and TGF-B expression wg{,f&t;@cted in tissues from non-infected
hamsters, hamsters infected with virulgnt or aﬁ[ﬁﬁ‘l{;gepmspfra (Figures 5, 6-8 and 24-
312 ang 27-29)

15‘undetectable in issues from non-infected hamsters and

26 for TNF-OL and Figlires 9,1

IL-10 expressior

from hamsters infected with ujrd_ént Lép;psp;‘m (Figures 10 and 30-32). However, IL-
' ¥ . T

10 expression was dele : dney, liver and lung tissues from hamsters infected with
virulent hamsters althaugh evel of eaére‘ésim was relatively low (Figures 14-16).
a4 ey
In non-infected ers; IP-10 expression slightly expressed in kidneys and the

4

‘ WU )
expression seemed higher in lung tissudbﬂnly one out of 4 liver tissues from non-
. (AT 57575 )

infected hamsters showed IP-10 express jure 17).  IP-10 expression was shown

in kidney and tissues of hamsters infected with virulent Le?mspara (Figures 18 and 19).
A

However, thE\FJ rs from the same group

- i

1 o
(Figure 20). The m:pressiun of IP-10 was undetectable in kidney and liver tissues from
hamsters infected with avirulent Leptospira (Figures 33 and 34). Similar to non-infected

and virulent group, IP-10 8xpression could be dembnistrated in lung tissues (Figure 35).
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Figure 1. HPRT expression in kidneys (A), livers (B) and lungs.(C) of non-infected hamsters.
The results were from four hamsters (Lanes 2-5). M = 100 bp marker; Lane 1 = negative

control.
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Figure 2. HPRT expression in kidneys from hamsters infected with virulent Leptospiraat 3,5, 7
days post infectiom{Lanes 2, 31and)4 jrespeclively) o Thesesulls shown were from 12 hamsters

(four for each timepaint).” M*="100 bp-marker;"Lane 1= negative control.
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Figure 3. HPRT expression in livers from hamsters infected with virulent Lepfospira at 3, 5, 7
days post infection (Lanes.2,3 and 4, respectively). The results.shown were from 12 hamslers

(four for each timepoint), M = 190sbp-matker; Lane 1 = negative control.
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«—206 bp

Figure 4. HPRT expréssion in lungs from hamsters infected with virulent Leptospira at 3, 5, 7
days post infection (Lanes.2,3 and 4, respectively). The resulls shown were from 12 hamslers

(four for each timepoint). “M : 100 bp-marker; Lane 1 : negative conlrol
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Figure 5. TNF-OL expression in kidneys (A}, ivers (B) and lungs.(C) of nan-infected hamsters.
The results were framofour hamsters) (Lanes (2:5) ‘M =100 bp marker. Lane 1 = negative

control.
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Figure 6. TNF-OL expression in kidneys from hamsters infected with virulent Leptospira at 3,5
7 days post infection (Lanes 2-4, respectively). Four hamslers were used for each timepoint

(A-D). M= 100 bp- marker; Lane 1 : negative conlrol,
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Figure 7. TNF-OL expression in kidneys from hamsters infected with virulent Leptospira at 3, 5, 7
days post infection. Four hamslers were used for each timepoint. M = 100 bp- marker, Lane 1
. negative control. Lanes 2, 5, 8, 11 = 3 days pestinfection; Lanes 3, b, 9, 12 = 5 days

postinfection; Lanes 4, 7,10, 13 = 7 days postinfeclion.



30

g «— 126 bp
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Figure 8. TNF-OL expression in lungs from hamslers infected with-virulent Leptospira at 3, 5,7
days post infection (Lanes 2, 3 and 4, respectively). M = 100 bp-marker; Lane 1 = negaltive

control.
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186 bp 186 bp

Figure 9. TGF~|3 expression in kidneys (A), livers {B) and lungs.(C) of non-infected hamsters.
The results were from four hamsters (L&nes 2-5). M =100 bp marker. Lane 1 = negative

caontrol.
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Figure 10 'I'GFvB expression in kidneys from hamsters infected with virulent Leptospira at 3, 5,
7 days post infedtion (Lanes 244 \réspectively), Fourhanmsters'were-uséd for.eath timepoint (A-

D). M= 10@bp-marker; Lane 1 = negative control

LELY
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Figure 11. TGF-EI expression i livers from hamsters infected with virulent Leptospira at 3, 5, 7
days post infection. Four hamsters were-used for each timepoint. M = 100 bp- marker; Lane 1
: negative control. Lanes 2, 5, 8./11'= 3 days postinfection; Lanes 3, 6, 9, 12 = 5 days

postinfection; Lanes 4, 7,10, 13 = 7 .days postinfection.



34

e mafa
M
—
o
S
—_—
—
pr——

(L

Figure 12, TGF-ﬁ expression.in lungs.of hamsters infectéd with virulent leptogpira at 3, 5, 7
days post infection (Lanes 2-4, respeclively)l Four hamsters were ‘used foPeach timepoint (A-

D). M =100 bp-marker; Lane 1 = negative contral,
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Figure 13. IL-10 expréssion expressian in kidneys (A), livers (B) and lungs.(C) of non-infected
hamsters, The results were from four hamsters (Lanes 3=6). M =100 bptmarker. Lane 1 =

negative cantrol; Lane 2= positive contral,
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Figure 14, IL-18,expression inkidneys fram hamsters.infected with virulenl [ eptospira at 3, 5,
7 days postinfeclioni(Lanes'2-4, respectivély). Four hamstefs were used foreachdimepaint (A-

D). M= 100 bp-marker; Lane 1 = negative control.
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163 bp

Figure 15. IL-10 expression in livers from hamslers nfected with virulent Leptospira at 3, 5, 7
days post infection. Four hamsterswere used for each imepoint M = 100 bp- marker; Lane 1
: negative control; Lane 2 = peSitive gontrol, Lanes 3, 6, 9,12 =3 days postinfection; Lanes 4,

7,10, 13 = 5 days postiniéction; Lanes 5, 8,11.14 = 7 days postinfection.
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Figure 16. IL-10 expression indlungs from hamsters infected with virulent Leptospira at 3, 5, 7
days pos! infectigh (Lanes 2, 3 and 4 respectiviey). Four hamstérs were used for each

timepoint (A-D) M = 100-bp marker; Lane &= negalive coptrol
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Figure 17. IP-10 lexpression in_kigneysc(A), livers (B) and lungs.(C) of nan-infected hamsters.
The results were from four hamsters (Lahes 2-5). M =100 bp-marker. Lane 1 = negalive

control.



40

486 bp
486 bp

486 bp

Figure 18. IP-10 éxXpression) if kidneys from Hamslers infected with virulent Leptospira at 3, 5, 7
days post infection Lanes 2-4, respectively. Four hamslers were used for each timepoint {A-D).

M= 100'bp-marker, Lang 1< negatwe €antrol
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486 bp

Figure 19, IP-10 in livers Jdrom hamsters infected with virulent Leptospira at 3, 5, 7 days post
infection. Four hamsters were uséd for each timepoint, M = 100 bp- marker; Lane 1 : negative
control: Lane 2 = positive coftrali’ Lanes 3;6,9,12 = § days postinfection; Lanes 4,7,10,13=

5 days postinfection; Lanes 5, 8,11, 14= 7 days pestiniection
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Figure 20. IP-10 expression in lungs from hamsters infected with virulent Lepfospira al 357
days post infection (Lanes 2, 3 and 4 respectively). Four hamsters were used for each

timepoint (A-D) M = 100-bp marker; Lane 1 = negative control
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et +— 206 bp

Figure 21. HPRT expression in kidneys from hamsters infected with avirulent Leptospira al day
3, 7. 14, 21 postipfectian,- Three-hamslers were used far each timepoint. Lane M : marker;
Lane 1: negative centtol. Top-figure : ULanes.2,3,4./and & were from 3,7,14, and 21 days
postinfection, respectively. -Bottom.figure: Lanes 2, 6 weréfrom 3 days postinfection ; Lanes 3,

7 from 7 days: Lanes 4, 8 from 14 days? Ldnds 5, 9from 21 days postinfectian.
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7 8 910 1112 13

Figure 22. HPRT expression in' livers from hamsters infected with avirulent hamsters. Lane M
= 100 bp-marker; Lane 1: negativé coalrol: Lane 2, 6,10 were from 3 days postinfection; Lanes
3, 7. 11 from 7 days; lanes'4 B 12 from 14 days; Lanes §, 9, 13 were from 21 days

postinfection
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206 bp

«—206 bp

Figure 23. HPRT expression.in ungs from hamsters infected with-avirulent Leptospira at day 3,
7, 14, 21 postinfection. Three hamsters were used for each timepoint. Lane M : marker; Lane
1: negative control. Top figure : Lanes 2,34, and 5 were from 3,7,14, and 21 days
postinfection, respectively. Botlom fiqute:*Lanes 2, 6 werefrom 3 days postinfection ; Lanes 3,

7 from 7 days. Lanes 4,8 from 14/days; Lanes 5, 9.from.21 days postinfection.
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Figure 24. TNF-OL expression in kidneys -from hamsters infected with avirulent Leptospira at
3,7,14, and 21 days post infeghion. Three hamsters were used for each timepoint. Lane M =
100 bp-marker, Lane 1= negalive Control;, Lanes 2,345 from 3,7,14,21 days post infection,

respectively.

7.8 9 1011 12 13

Figure 25~ TNF<OL-expression-a livers-from hamsiersanfected with-avirlept-bamsters, Lane
M = 100 bp-marker; Lane 1: negative confrol; Lane 2, 6,10 were from 3 days postinfection;
Lanes 3. 7, 11 from 7 days; Lanes 4, 8, 12 from 14 days; Lanes 5, 9, 13 were from 21 days

postinfection.
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Figure 26. TNF-OL expression in-ungs from hamslers infected with avirulent Leptospira al
3,714, and 21 days post infeetion~Three hamslers were used for each timepoint. Lane M =
100 bp-marker; Lane 1= nggative’contral, Lanes 2,345 from  3,7,14,21 days post infection,

respectively.



48

Figure 27. TGF-ﬁ expression in kidneys from hamsters infected with avirulent Leptospira at day
3, 7, 14, 21 postinfection. . Three harmsters were used 1ar each timepoint. Lane M : marker,
Lane 1: negative ‘control. Top.-figufe : CLanes 2,3 4..and 5 wera from 3,7,14, and 21 days
postinfection,, respectively. Bottom.figure: Lanes 2, & werefrom 3 days postinfection ; Lanes 3,

7 from 7 days: Lanes 4; 8 from' 14 daysyLanes 5) 9fram 21 days postinfection.
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Figure 28. TGF-B expressionin livers from hamslers infeeted with avirulent hamsters. Lane M
= 100 bp-marker, Lane 1: negative control; Lane 2, 6,10 were from 3 days postinfection; Lanes
3, 7, 11 from 7 days; Lanes 4.8 12 from 14 days; Lanes 5 8, 13 were from 21 days

postinfection.



50

Figure 29. TGF-B expréssion in lungs from hamsters infecled with avirulent Leplospira at day
3. 7, 14, 21 postinfection Three hamsters were used for each timepoint. Lane M : marker;
Lane 1. negative cortrol. Topdhigure:chanes 2,3.4, anthS were from 3,7,14, and 21 days
postinfection. respedtivelyl Bottorn figure ; Lanes 2. 6 were from 3 days postinfection ; Lanes 3,

7 from 7 days; Lanes £, 8 from 14 days: Lanes 5, 9 from 2 l«days postinfection
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Figure 30. IL-10 expressioninkidneys from hamslersunfecied with avirulent hamsters. Lane
M = 100 bp-marker: Lane. lenegativecontrol; Lane 2 = posilive control; Lane 3, 7.11 were from
3 days postinfection; Lanes™, 8,12 from 7 days; Lanes 5, 9,13 from 14 days; Lanes 6, 10, 14

were from 21 days posliniection

9.10 11 12 13 14

IR =

Figure 31. IL-10 expression in livers from hamsters infected with avirulent hamsters. LaneM =
100 bp-marker; Lang 4+\negative contrel, kane @ =posilive paniral,Lane 3, 7,11 were from 3
days postinfectior; Lanes 4, 8,12 from 7 days; tanes’s, 9, 13 from Y4 days, Lanes 6, 10, 14

were fromrg haays postiniection
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163 bp

Figure 32. IL-10 expression.in lungs from hamstersinfected with avirulent hamsters. Lane M
= 100 bp-marker; Lane 1: negalive-control: Lane 2= pasilive control; Lane 3, 7,11 were from 3
days postinfection; Lanes 4.8 12fom 7 days, Lanes 5,9, 13 from 14 days: Lanes 6, 10, 14

were from 21 days postinfection,

+—4B6 bp

Figure 33. IP-10 expression in kidneys frem hamsters ipfected with avirulenvhamsters. Lane
M = 100°bp-marker; Lane\1: fegative cantrol; Lané 2 = positive control; Lane 3;-7,11 were from
3 days postinfection; Lanes 4, 8, 12 from 7 days; Lanes 5, 9, 13 from 14 days; Lanes 6, 10, 14

were from 21 days postinfection
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Figure 34. IP-10 expression livers from hamsters infected with-avirulent hamsters. Lane M =
100 bp-marker: Lane 1:.f8gative gontrol; Lane 2 = pasitive control; Lane 3, 7,11 were from 3
days postinfection; Lanes, 8,/12from 7 days; Lanes 5, 9, 13 from 14 days; Lanes 6, 10, 14

were from 21 days postinfection
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Figure 35. IP-10 expression in fungs from hamsters infected with avirtlent Leptospira at day 3,
7, 14, 21 postinféction ™, Three"hamsters were usedforeach timepoint-—Lane My. marker; Lane
1: negative control. Top figure: Laries 2,34, and § were from 3,7,14,"and 21 days postinfection,
respectively. Bottom figure: Lanes 2, 6 were from 3 days postinfection ; Lanes 3, 7 from 7

days; Lanes 4, 8 from 14 days; Lanes 5, 9 from 21 days postinfection.
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Leptospira16S rRNA mRNA expression in kidneys, livers and lungs

165 rRNA expression was detected in all kidney, liver and lung tissues of virulent
group (Figures 37-39). The presence of 165 rRNA suggested that there were organisms
in these organs. Leptospira 165 rRNA was detected since day 3 postinfection.
However, 165 rRNA was not observed in tissues from avirulent group even in day 3
samples (Figures 40-42).  The organisms might be cleared from animals by the lime
specimens were collected from this group. ﬁ/uﬂf';jpraspim 165 rRNA was detected in
tissues from non-infected hamsters (Figu_r)e 36k o

N

LipL21, LipL32 and mﬁd mRNA expression in Kidneys, livers and lungs

LipL21, LipL32and cqﬂgenase ‘gene expression was investigated to

demonstrate whether these efle,s werese;;prasshn in vivo. Nested PCR was

conducted for LipL21 and , plﬁ? since Ihail axpmsmn could not be detected from the

/}A' J
first round PCR. Since 16 fRNA was. noﬁf lectahle in tissues from avirulent group,
Ax.;l j
the expression of other lef p;mi genes wag;pypshﬁatad only in tissues from virulent
group. /f —J‘
"/ ~ - \J\-c

Expreﬁsmn gf LipL21 (Figures 44, 45 and 45] Llpr (Figures 48, 49, and 50)

and cﬁllagenase‘]ﬁgures 52, 53 and 54) in kidney, IhLd and lung lissues were
demonstrated. ijére was no PCR products of L:pL21 LipL32 and collagenase

detected in tissues from non-infected hamsters (Figures 43, 47 and 51).



56

290 bp
290 bp

Figure 36. 165 rRNA expression in kidneys, ivers and lungs (A, B and C, respectively) from
non-infected hamsters. Four hamsters were used (Lanes 3-6). M = 100-bp marker, Lane 1 =

negative control; Lang 2 : positive control.
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Figure 87y 0 165 TRNA expression-of kidneys from hamsters infected with virylent) Leptospira at
3, 5, 7 days post infection (Laned 3, 4 and 5, respectively). Four hamsters were used for each

timepoint (A-D). M = 100-bp marker; Lane 1 = negative control, Lane 2 = positive control.
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Figure 38. 165 rRNA expressian in livers from hamsters infected with virulent Leptospira at 3,
5, 7 days post infestion (Laned 3, 4 and 5, respectively). “Four hamsters were used for each

timepoint (A-D). M = 100-bp marker; Lane 1.= negative control, Lane 2 = positive control.
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Figure 39. 165 rRNA expression in lungs of hamsters infected with virulent Leptospira at 3, 5,
7 days postinfection. Fourhamsters were used for each timepoint. M = 100-bp marker; Lane
1: negative control; Lane 2 ='posilive control; Lanes 3, 6.9,12 = 3 days postinfection; Lanes

4,7,10, 13 = 5 days postinfection; Lanes 5, 8,11, 14 = 7' days postinfection
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Figure 40.016 S rRNA expression in kidneys of hamsters infected with avirulent Leptospira.
Lane M : marker; Lane 1: negative control; Lane 2: positive control. Fig. 40 (top) : Lanes 3,4,5,6
were from 3,7,14,21 days post infection. Fig. 40 (bottom) : Lanes 3, 7 were from 3 days
postinfection; Lanes 4, 8 from 7 days; Lanes 5, 9 from 14 days; Lanes 6, 10 from 21 days

postinfection



61

+—290 bp

Figure 41. 16 S rRNA expression in livers from hamsters infected with avirulent Leptospira.
Lane M - marker: Lane 1: negative gontrol-Lane 2. posilive control; Lane 3, 7,11 were from 3
days postinfection; Lanes 4, 8, 12 from 7 days; Lanes 5, 9, 13 from 14 days; Lanes 6, 10, 14

were from 21 days postinfection
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Figure 42. 16 S rRNA expressioh-n lungs. of hamsters infected with avirulent Leptospira. Lane
M : marker; Lane 1 negative control; Lane 2: positive control. [Fig. 42 (top) : Lanes 3,4,5,6 were
from 3,7.14,21 days post infection. Fig: 42 (bottom}= Lanes 3, 7 were from 3 days
postinfection: Lanes 4,,8 from 7 daysi, Lanes.5, 9 from 14 days: Lanes 6,\10from 21 days

postinfection,
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Figure 43. LipL21 expression in kidneys (A} livers (B} and lungs (C) from non-infected
hamsters. Four hamsters were used (Lanes 3-6). M:= 100-bp marker; Lanel:= negative

control, Lane 2 = positive cantral,
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Figure 44, LipL21 expressionin'Kidneys from hamsters infected with virulent Leplospira at 3, 5,
7 days post infection. Fourhamstérswere used for each timepaint. M = 100 bp- marker; Lane
1: negative control; Lane 2= peSitive Control; Lanes 3, 6, 8,12 = 3 days postinfection; Lanes

4.7, 10, 13 = 5 days postinféction; Lanes 5, 8,11, 14 = T days postinfection.

Figure 45 LipL21 expréssion in livers, from hamsters infectad with virulgnt Leptospira at 3, 5, 7
days post infection, Four hamsters were used for each imepoint. M = 100 bp< marker; Lane 1

: negative’contral Lang 2 = pasitive cantroli, Lanes 3, 6,8.12 = 3 days postinfection, Lanes 4,

ad

7. 10, 13 = 5 days postinfection; Lanes 5, 8,11, 14 = 7 days postinfection.

L
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Figure 46. LipL21 expréssion in lungs from hamsters infectedwith virulent Lepfospira. at days

357 postinfection. Nested RT-PCR was performed and products from both rounds were
shown. M = 100-bp marker; .P = Posifive control, | N = lNegative control; Pn = positive control
from second round: Nn = negativé cohtrol from’ secénd round: in represents second round
product-Fig. 46 itop)-; Lanes.},.2..and 3 were from.3, 5 and 7 days postinfection. Fig. 46
(bottom) :'Lanes 1,4 Wwere'from 3 tays poslinfection; Lanes 2, 3 from 5.days, Lanes 3, 6 were

from 7 days postinfection
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Figure 47. LipL32 expression in kidneys (A), liver (B) and lungs (C) from non-infected hamslers.
M = 100-bp marker; Lane 1 = negative<gantrol, Lane 2 =cpositive control. Four hamsters were

used (Lanes 3-6)
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Figure 48. LipL32 expression in kidneys from hamsters infectedwith virulent Leptospira at days
3. 5 and 7 postinfection (Lanesi8/4, 5 and 6, respectively). Four hamsters were used for each

timepoint (A-D). M\= 100-bp marker, Lane 1 = negalive control Lane 2= positive contral,
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Figure 49. LipL32 expression in livers from hamsters infected with virulent Leptospira at 3, 5, 7
days post infection. Four hamsters were used for each timepoint. M = 100 bp- marker, Lane 1
 negative control; Lane 2 = positive gontrol; Lanes3, 6, 9,12 = J days postinfection; Lanes 4,

7. 10, 13 = 5 days postinfection; Lanes 5, 8,11, 14 = i days postinfection.

11 12 13 14

Figure 50.7 LipL32 expression in lungs from hamsters infected with virulent Leptospira at 3, 5,
7 days post infection. Four hamsters were used for each timepoint. M = 100 bp- marker; Lane
1 : negative control; Lane 2 = positive control, Lanes 3, 6, g.12 = 3 days postinfection; Lanes

4,7.10, 13 = 5 days postinfection; Lanes 5, 8,11, 14 = 7 days postinfection.
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Figure 51. Collagenase expression in kidneys (Lanes 3-6), livers (Lanes 7-10), and lungs
(Lanse 11-14) from non-infected hamsters. M = 100-bp marker: Lane 1 = negative control; Lane

2 = positive control.

100 11 12 13 14

Figure 52. Collagenase expression in kidneys from hamsters infected with virulent Leptospira
at 3, 5, 7 days post infection. Four hamsters were used for gach timepoint. M = 100-bp
marker; Lane 1 : negative control; Lane 2 = posilive control; Lanes 3, B, 9,12 = 3 days

postinfection; Lanes 4, 7, 10, 13 = 5 days postinfection; Lanes 5. 8,11, 14 = 7 days

postinfection.
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Figure 53. Collagenase expréssion inlivers from hamstersinfected with virulent Leptospira al
3, 5, 7 days post infection. Fourhamsiers wefe used far each imepoint. M = 100 bp- marker,
Lane 1 : negative control; Lane 2= positive contral; Lanes 3.6, 9,12 = 3 days postinfection,

Lanes 4. 7. 10, 13 = 5 days/postinfection; Lanes 5, 8,11, 14 = 7 days postinfection.
Y
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Figure 54, Collagenase expression-indungsqfrom hamslers nfected with virulent Leptospira al
3, 5, 7 days post infection. Four hamsters were used for each timepoint.” M = 900 bp- marker,
Lane 1 : negative control; Lane 2 = positive control; Lanes 3, 6, 8,12 = 3 days postinfection;

Lanes 4, 7, 10, 13 = 5 days postinfection; Lanes 5, 8,11, 14 = 7 days postinfection
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Comparison of LipL21, Lip32 and collagenase expression in avirulent and virulent
Leptospira

RNA was extracted from avirulent or virulent Lepfospira and RT-PCR was
performed using the same method as RT-PCR from tissue samples. Figures 55
demonstrated expression of LipL21, LipL32 and collagenase. Ratio between density of
each gene product and 165 rRNA suggested that expression of LipL21m LipL32 and
collagenase in virulent Leplospira was relatively higher than in avirulent isolate.
However, further experiment such as real-ime~PCR should be done in order to

guantitate amount of expression:

. +—506 bp
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Figure 55. LipL21, LipL32 and collagenase gene expression in avirulent and virulent
Leptospira. RNA was extracted from avirulent (Lanes 1, 3 and 5) and virulent (Larnes 2,
4, 6) Leptospira interrogans serovar Pyrogenase, the isolate used in this study. RT-PCR
was performed for the detection of 165 rRNA (Lanes 1 and 2 in both Fig. A and B),
LipL21 (Fig. A Lanes 3 and 4) , LipL32 (Fig. A, Lanes 5,and 6) and collagenase (Fig. B,
Lanes 3 and 4) mRNA expression. Ralio between density of each gene product and

165 rRMNA was shown below each figure.

O avirulent
Ovirulent




Comparison of antibody detection by MAT methods

Blood from both virulent and avirulent groups were tested for antibody to
Leptospira. The results were shown in Table 5. No antibody was detected in day 3

and day 7 samples from avirulent group.  The high antibody titer was detected in
samples from days 14 and 21. -

‘%/v from day 5 and 3 from day 7 of virulent
group gave positive ant& ve

l
— ! T——
yody i 1\mlem and virulent group

S rulent Group

Table 5 Comparis

;\
Days titer MAT titer
n $ Y
3 200 3 <10
:‘f“-{d‘ \
3 el IAE <10
| ailal s
3 = <10
7 = 3 <10
- % 'V v —
‘ <1 [ <
QA 0 ) 0

AZ [ < 20

14 5 Iﬂ <10

14 oo 1280 o5 40
AT =
21 12805 e~ 320

9 21 1280 7 <10
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DISCUSSION AND CONCLUSION

Golden Syrian Hamsters were used in this study since they demonstrate
manifestations of the disease similar to those of severe human disease including
interstitial nephritis, hemorrhage, and jaundice [28, 32-34]. It has been know that
bacteria lose their ability o cause disaasﬁes:i;u susceptible after being grown in vitro. In
order to recover their ability o cause diseﬁ#ége'ﬁgy must be injected into susceptible
hosts and re-isolated agféih. In geneﬂl this pm;:ass must be done for several times
before the ability to car.rse dweaaEs W|| be restored. At the beginning of this study, we
planned to use th rn/st eni Lam.‘usélm {which is called avirulent Leplospira in this

study) to inject h w%/’fcr sWﬁml pa;sag&s and observe the changes in hamslers
r

pathologies. However, th wrﬂ in antma!s cannnl be done promptly and successfully.

In addition, organis d,hnt ba obt }ned enough for serial injection. Fortunately,

Associate Professor P ma Ekm {De;ﬁéﬂrﬁent of Immunology, Faculty of Medicine,

Mahidol University) has trﬁ stoa%:éi Uimhsﬁe-j:roaprra interrogans serovar Pyrogenes
s Ad

and kindly provided these fnrnur smuy;Thls isolate has been shown to induce

manifestation in ha‘{nszafs Eame part of the |saiate was kea&m liquid nitrogen and some

-y
hat was ‘g[pvm in vitro for a while has

lost the ability to mduce sickness in hamsters. The an-mals survived at least 21 days
post infection. In our pilol study, hamsters infected w|th the isolate kept in liquid
nitrogen diedarounddays 5-6 postanfectiony For:thisreasen; we study changes in
pathologies, cytokine and Leplospira gené expression in tissués obtained from these
twa gmup's oharimals)

The difference of pathologies in two groups of hamsters was observed in this
study.  Cylokine gene expression was detected in kidneys, livers and lungs. The
expression of LipL21, LipL32 and collagenase in those organs were demonstrated. In
order to correlate cylokine and Leptospira gene expression with lissue pathologies,
further experiments such as real-time PCR to quantitate amount of gene expression. In
addition, in situ hybridization will be another useful lechnique for demonstrating whether

the location of cytokine or Leptospira gene expression correlate to the region of tissues
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where pathologies were observed.  Finally, we obtained preliminary data that amount
of LipL21, LipL32 and collagenase gene expression was relatively different. The genes
which expression was different may be involved in pathogenesis and are good
candidate for vaccine development. Since we used organisms left in stock for studying
this part of work, further work should be done to confirm this part of observation.

The outputs of this project are as follows.

1. Scientific information far further siudies on pathogenesis and vaccine

development, Samples oft | on e further used for other research

questions.

2. Part uf esis of a Student in the master degree program
and a senior project of ty ' ate students .

3. Apu = manuscript has been
submitied and at IgaSt twd more manust ;

4, Some ps : : oresented by students in three

:i“ffz*’: A
AR AN

o, 3 g
N:\":\.‘(;&t.:;‘ 2

scientific meetings.

FONUUMUSNNS
RN ITNINENAY
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