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We investigated the immune response induced by the
Francisella (F.) tularensis live vaccine strain (LVS) and
the Pohang isolate. After the Balb/c mice were infected
intradermally (i.d) with 2 x 10* cfu of F. tularensis LVS
and Pohang, respectively, their blood and organs were
collected at different times; 0, 3, 6, 24, 72, 96, 120 and 168
h after infection. Using these samples, RT-PCR and
ELISA analysis were carried out for the comparative
study of the cytokines, including TNF-o, INF-y, IL-2, IL-4,
IL-10 and IL-12. In the Pohang-infected mice at 120 h, the
liver showed a 53 times higher level of TNF-o. and a 42
times higher level of IFN-y than the respective levels at the
early time points after infection. The levels of TNF-0. and
IFN-y induced by LVS were 5 times lower than those
induced by the Pohang isolate. Also, the organs from the
Pohang-infected mice showed higher levels of TNF-a,
IFN-y, IL-10 and IL-12 than the levels in the LVS-infected
mice. The blood from the Pohang-infected mice at 120 h
revealed about a 40 times increased level of IFN-y, and
IL-10 was also increased by 4 times at 96 h compared to
an early infection time point, while IL-4 was not induced
during the whole infection period. These results suggest
that F. tularensis may induce a Thl-mediated immune
response to in vivo infection and the Pohang isolate has a
higher capacity than the LVS to induce an acute immune
response in Blab/c mice.
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Introduction

Francisella (F)) tularensis is the causative pathogenic
bacterium of tularemia. In 1911, gram negative bacilli were
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isolated from rodents in the Tulare area, California, and
these bacilli were termed Bacterium tularense; however,
these bacilli were rechristened in 1914 as Francisella
tularensis [11]. F. tularensis commonly infects humans and
animals, and it is primarily detected in the northern
hemisphere, yet its development has been recently
reported in a wider area [1,2,12,15]. The Francisella genus
is classified into F. tularensis, and F. philomiragia. F.
tularensis is subsequently divided into 4 subspecies; F.
tularensis subsp. tularensis (type A), F. tularensis subsp.
holarctica (previously subsp. palaearctica, type B), F.
tularensis subsp. mediaasiatica and F. tularensis subsp.
novicida [14]. The type A strain induces strong pathogenicity
both in humans and animals after being transmitted by
mites and rabbits, while the type B strain acts as a weak
pathogen in humans and its primary transmission vehicles
are mosquitoes and rodents. Type A primarily appears in
North America and type B is spread in Asia and Europe [3].

The clinical features of tularemia appear as ulceroglandular/
glandular, oculoglandular, pulmonary, typhoidal, gastrointenstinal
tularemia, depending on the mode of transmission. Among
them, the ulceroglandular/glandular type of tularemia is
most frequently developed [13,18]. When human beings
are infected by F. tularensis through animals, symptoms
that are similar to cold are developed in 3-6 days; these
symptoms are chillness, headache, fever and general pain.
F. tularensis invades the body and migrates to the lymph
nodes, and so patients and animals infected with this
malady display inflammatory lymphadenopathy. After this
the bacteria migrates to the spleen, liver, lung, kidney,
colon, neural tissues and skeletal tissues. Nevertheless, the
mortality of ulceroglandular/glandular tularemia is lower
than 3%.

We conducted this study to characterize the immune
response with using the Pohang isolate. Pohang was first
isolated as a type of F. tularensis from an infected patient
who had eaten a dead rabbit in Korea in 1997 [10]. In this
study, we examine the types of cytokines that are expressed
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with time after infection in vivo, and we compared the
results of infection with Pohang to that of the live vaccine
strain (LVS).

Materials and Methods

Bacteria strains

F tularensis subs. holarctica (palaearctica, Type B, LVS
ATCC 29684) and a Pohang isolate (from a patient in 1997,
Type B) were cultured on chocolate agar media, which
including L-cysteine, at 37°C with 5% CO,. After mass
culture, the bacteria were suspended in PBS for the
infection procedures.

Animal experiments

Female Balb/c mice were used at an age of 7 weeks. The
animals were housed in sterile microisolator cages at
Biosafety level 3 (a BSL3 animal laboratory). The mice
were challenged with F. tularensis LVS and Pohang,
respectively, at a dose of 2 x 10" cfu via the intradermal
route. Two mice were investigated by autopsy at each time
point; 0, 3, 6,24, 48,72, 96, 120 and 168 h after infection.
The isolated organs (liver, lung, spleen, kidney and lymph
nodes) were stored at -70°C until the RNA extraction, and
the sera that were separated from blood were stored at 4°C.

RNA extraction and RT-PCR

The RNA from the organs obtained at each time point was
extracted with using Easy-blue solution (Intron, Korea).
Each organ (30 mg) was treated with Iml Easy-blue
solution, and then it was grounded with a mortar and pestle.
After treatment with 200 pl chloroform, the suspension

Table 1. Primer sequences used for the detection of each cytokine

was centrifuged at 4°C, 13,000 rpm, for 10 min. The
supernatant was collected and added to a new tube, and
then the same amount of isopropyl alcohol was added and
this was allowed to react at room temperature for 10 min.
The sample was centrifuged at 4°C, 10,000 rpm, for 10
min. The pellets were dried by adding 70% ethanol after
washing. RNA-free water (50 pl/tube) was added and this
was treated at 56°C for 10 min. The extracted RNA was
stored at -70°C until use. The cDNA was synthesized using
1 ug RNA and a cDNA synthesis kit (Intron, Korea).

Cytokine PCR

Cytokine PCR was performed using the cDNA and
primers that were specific to TNF-o, IFN-y, IL-1, IL-2,
IL-4, IL-10 and IL-12 (Table 1). After mixing 1 ul of
cDNA, 1 ul of each primer set (10 pmol/ul), 2.5 U of i-max
IT Taq polymerase (Intron), 2 ul of ANTP mix (2.5 mM
each) and 2 pl of 10X reaction buffer, the final volume was
adjusted to 20 ul with distilled water. As for the PCR, after
reacting at 94°C for 5 min, 35 cycles of reaction were done
at 94°C for 30 sec, 60°C for 45 sec and 72°C for 1 min, and
the final reaction was done at 72°C for 7 min. The PCR
products were assessed on 2% agarose gel and the
concentrations of the bands on the photographs of the gels
were measured with using a spot density meter program
(FluorChem IS-8800; Alpha Innotech, USA). By applying
the values, the expression ratio, based on the band
intensity, was compared and analyzed.

Cytokine ELISA
The sera separated from the blood were diluted to 1/10
with PBS and these diluted sera were used for experiments.

Primer name Sequence (3'-5") Size (bp)
2-microglobulin-F GGC TCG CTC GGT GACCCTAGTCTTT 300
2-microglobulin-R TCT GCA GGC GTA TGT ATC AGT CTC A
IFN-r-F GAA AGC CTA GAA AGT CTG AAT AACT 188
IFN-r-R ATC AGC AGC GACTCC TTTTCC GCTT
TNF-a-F AGC CCA CGT CGT AGC AAACCACCAA 446
TNF-a-R ACA CCC ATT CCC TTC ACAGAG CAAT
IL-1b-F TCA TGG GAT GAT GAT GAT AAC CTG CT 500
IL-1b-R CCC ATA CTT TAG GAAGACACG GATT
IL-2-F ATG TAC AGC ATG CAG CTC GCATCC TGT GTC A 120
IL-2-R AGT CAA ATC CAG AAC ATG CCG CAG AGG TCC A
1L-4-F ACA AAA ATC ACT TGA GAG AGATCAT 151
1L-4-R AGT AAT CCATTT GCATGATGC TCT T
IL-10-F ACC TGG TAG AAG TGA TGC CCC AGG CA 737
IL-10-R CTATGC AGT TGA CTAAGA TGT CAA A
IL-12p40-F CCA AGA ACT TGC AGC TGA AG 354

IL-12p40-R

TGG GTC TAT TCC GTT GTG TC




ELISA (Amersham Biosciences, USA) specific to TNF-a.,
IFN-y, IL-2, IL-4, IL-10 and IL-12 was performed with
following the manufacturer's protocol. The standard and
diluted samples (50 ul/well) were added to the prepared
plates, and these were reacted at room temperature for 2 h.

Fig. 1. Francisella tularensis infection was induced
decolorization of liver. Normal mouse liver (A), Francisella
tularensis LVS (B), and Francisella tularensis Pohang (C)
infected mouse liver after 120 h.
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After the reaction, the plates were washed 3 times with
washing buffer (1 x PBS with 0.05% Tween 20). Detection
antibodies conjugated with horse radish peroxidase (100
ul/well) was added again and allowed to react at room
temperature for 1 h. After washing the plates 3 times, TMB
(100 ul/well) solution was added, and this was allowed to
react in a dark room for 30 min. After the termination of
reaction by adding 100 pl of stop buffer (1 M H>SOs), the
O.D values were measured at 450 nm with using a
microplate reader (Model 550; Bio-Rad, USA).

Results

Mice infected with F. tularensis LVS and Pohang

During acute infection, we found that the mice infected
with F. tularensis LVS and Pohang moved slower, and so
their observed activities were decreased. In regard to the
changes in the organs with time, the color of the liver
gradually became pale after 96 h, as compared with the
uninfected control mice. The livers of the Pohang-infected
mice were paler than the livers of the LVS-infected mice
after 102 h (Fig. 1).
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Fig. 2. PCR amplification of cytokines from liver after challenge with Francisella tularensis LVS (A) and Pohang (B) with 2 x 10* cfu.
Samples were prepared at various times after inoculation. Lane 1: Negative control, 2: 3h,3: 6 h,4:24 h,5:48 h,6: 72 h, 7: 96 h, 8:
120 h, 9: 168 h. Relative value means; cytokine expression level/negative control expression level. IL-2 and IL-4 were not expression

within 168 h.
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Analysis of the cytokine production and the gene
expression patterns by Murine tularemia

PCR analysis of the cytokine expression: The
cytokine expression was found to be increased with
time in the mice challenged with F. tularensis LVS and
Pohang, and the expression pattern of the cytokines in
the liver was the same as that previously reported as a
primary organ for F. tularensis infection (Fig. 2).

In most organs from the LVS-infected mice, the RNA
expressions of the cytokines, including TNF-a and IFN-y
were gradually increased, and these expressions were
elevated by approximately 2 times 168 h after infection as
compared with that at the initial period. The increase of
IL-10 and IL-12 with time was also detected. IL-10 began
to be highly expressed in lung around 6 h after infection,
and the IFN-y expression was increased in the spleen after
24 h and this was maintained for up to 48 h. In the liver, the
expressions of the TNF-o and IFN-y RNA were detected at
the highest levels after 168 h, and the expressions of the
IL-10 and IL-12 RNA were increased more than 2 times in
the kidney from 72 h, as compared with the initial
expressions. The expression of TNF-o in the lymph nodes
was elevated by approximately 2 times after 168 h, as
compared with the initial period. An IL-1 expression was
detected in all the organs of the normal mice, yet the
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difference of its expression induced by infection could not
be assessed. IL-2 and IL-4 were not expressed in all the
organs, except the pancreas.

For the mice infected with Pohang, the expression of IL-1
was increased more than approximately 5 times in the lung
from 24 h, and the expression of TNF-o and IFN-y was
increased after 120 h. Simultaneously, the expression of
IL-10 was increased about 20 times as compared with the
initial period. As distinguished from LVS, it was found that
a high level of a IL-1 expression, according to Pohang
infection, was continuously maintained for up to 168 h. It
was found that the expression of TNF-a, I[FN-y, IL-10 and
IL-12 were at the highest levels in the spleen at 120 h. The
expression of TNF-o and IFN-y was found to be rapidly
increased in liver after 24 h, and the highest level was
reached at 120 h. The TNF-o expression was increased by
approximately 50 times, and the IFN-y expression was
increased by approximately 40 times. In addition, it was
found that IL-12 was also increased by approximately 16
times in comparison with the initial period. It was found
that the IL-10 expression was continuously increased up to
168 h, and finally the increased level was approximately 8
times the level at the initial period. In kidney, a rapid
increase of TNF-o, IFN-y, and IL-10 was detected 120 h
after infection; nonetheless it was observed that the
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Fig. 3. Levels of TNF-o., IFN-y, IL-10 and IL-12 of lung, kidney, lymph node from Francisella tularensis LVS and Pohang (2 x 10* cfu)
infected mice. Relative value means; cytokine expression level/negative control expression level.



expression of IL-12 was hardly changed. In lymph nodes,
the expression of IL-12 was increased by approximately 30
times at 72 h, and simultaneously the expression of TNF-q,
IFN-y and IL-10 was slowly increased up to 168 h. The
expression of TNF-o was increased by approximately 10
times, the expression of IFN-y was increased by
approximately 20 times and the expression of IL-10 was
increased by approximately 60 times (Fig. 3).

Based on the results, the RNA expression levels of
cytokines stimulated by the Pohang isolate were relatively
higher than the levels stimulated by the LVS strain. The
results also showed that liver from the mice challenged
with the Pohang strain had an TNF-a expression that was
increased by approximately 10 times at 24th h after
infection. The levels of TNF-a and IFN-y were rapidly
elevated by approximately 40-60 times after 120 h. On the
other hand, it was found that the levels of TNF-o and IFN-y
were increased by approximately 2 times in the LVS
infected mice at 168 h. In addition, the expression of most
cytokine was rapidly increased in the mice infected with
the Pohang strain around 24th h after the initial infection,
while the mice infected with the LVS strain did not show
the rapid increase of cytokines, except for IL-10.

Analysis of the expression of cytokine at the protein level:
The amount of cytokine produced in the blood after F.
tularensis infection was measured by ELISA (Fig. 4). The
production of IFN-y protein in the mice infected with LVS
was elevated slowly; 400 pg/ml IFN-y was secreted at 72 h,

and its production was subsequently decreased gradually.
In the cases of the Pohang strain, IFN-y production was
continuously increased and it reached the level of 4,566
pg/ml at 120 h. Comparing this IFN-y protein production
with the levels of the RNA expression, the trends for IFN-y
for both groups of mice were similar with the highest levels
being seen at around 120 h after infection. As compared
with the LVS infected mice, the production of IFN-y
protein by the Pohang isolates was approximately 10 times
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higher. As compared with the initial period, the expression
of IFN-y by the Pohang isolates was about 40 times higher
than by the LVS. It was found that the IL-10 production in
the Pohang-infected mice was also substantially higher
than that of the LV S-infected mice. On the other hand, the
expression of IL-10 protein was hardly detected in the
LVS-infected mice throughout the whole investigation,
although the level of IL-10 protein was as high as 420
pg/ml in the Pohang-infected mice at 96 h. It was also
found that IL-10 production was increased by about 4
times at the initial period. Nonetheless, the changes of the
production of the TNF-o, IL-2 and IL-4 proteins were
hardly detected with time.

Discussion

It has been reported that the mortality in animals infected
with F. tularensis is influenced by various factors; the type
of mouse, the infection route and the dose of the infecting
bacteria. The mouse strains most suitable for F. tularensis
study are C3H/HeN and Balb/c, and subcutaneous injection
was reported as the most suitable route for immune
reaction experiments [5]. For the F. tularensis infection
among different organs, the number of bacteria is actively
increased up to 5 days in the skin, lymph nodes, spleen and
liver. In the cases of skin tissues, the expression of TNF-q,
IFN-y and IL-12 was previously detected 24 h after
infection [17]. In our in vivo experiment on infection with
LVS and Pohang, the patterns of the cytokine expression
were compared and analyzed in an effort to provide the
basic information of the immune responses induced by the
Korean Pohang isolate. Infection with Pohang was shown
to be stronger than that for LVS in Balb/c mice. With time,
the fading of the liver's color in the Pohang-infected mice

was more distinctive, and the movement of the mice

became slower. In the preliminary experiments on mice
infected with 2 x 10° cfu of bacteria, it was confirmed that
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Fig. 4. Cytokine production of mice infected with Francisella tularensis Pohang and LVS. INF-y (A), IL-10 (B) and IL-4 (C) production

by mice after infection with Pohang and LVS.
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all the Pohang-infected mice died within 96 h, and the
LVS-infected remained alive for up to 196 h (data not
shown).

It has been reported that the important immune response
for F. tularensis infection is cell-mediated immunity, and
TNF-o and IFN-y are expressed during the initial period of
infection [4,8]. Generally, skin lesions as early immune
responses are shown 3-5 days after infection of F
tularensis. TNF-o, IFN-y and IL-12 are expressed to
control the infection during the innate immune response
[19]. In this experiment, we confirmed that TNF-o and
IFN-y were markedly increased from 120 h in the F
tularensis LVS-infected mice. However, in the F
tularensis Pohang-infected mice, the expressions of TNF-
a and IFN-y were elevated rapidly from 24 h, and they were
increased by approximately 40 times at 120 h after
infection as compared with the initial period. IL-12 was
also found to be increased by approximately 20 times in the
F. tularensis Pohang-infected mice. This may suggest that
the immune reaction progressed more rapidly in mice
infected with Pohang as compared with the mice infected
with LVS. Similar results were also obtained in other
organs.

In our experiments on infected animals, it was confirmed
that IL-1 was expressed from the initial infection period in
all the organs. Such a fact shows its importance in
association with the inflammatory reaction stimulated by
other bacteria, and the results from the previously reported
experiments that used Listeria monocytogenes showed the
survival rate of the group treated with anti-IL-1 antibody
was different from that of the untreated group; it could be
considered that IL-1 may also play an important role in the
initial period of infection [16]. In addition, it has been
reported that the increase of IL-1B and IL-8 in F
tularensis-infected human monocytes started 2 h after
infection [6]. Regarding IL-2 and IL-4, they were not
expressed in any organ except the spleen, and this result
was in agreement with the results reported by others [7].

IL-10, the impeding inflammatory reaction and
cell-mediated immunity have been reported to be
down-regulators that suppress the release of TNF-o and
IL-12 from macrophages. In our experiment, the pattern
was that the expression of IL-10 was also increased by a
small degree with time, and this increase after F. tularensis
infection might play a different role than regulating
pro-inflammatory cytokine [9].

Based on the above results, it can be suggested that F.
tularensis induces a Th1-mediated immune reaction by the
expression of cytokines, including TNF-a., IFN-y, IL-1 and
IL-12, and the immune responses caused by the Pohang
isolate from a Korean patient progressed rapidly in
comparison with that caused by LVS. Our study about the
pathogenicity and the immune response during infection of
F. tularensis should help to further characterize all the

isolates in Korea, including the Pohang isolate.

Acknowledgments

This study was supported by an intramural grant of the
National Institute of Health, Korea.

References

1. Bachiller Luque P, Pérez Castrillon JL, Martin Luquero
M, Mena Martin FJ, de la Lama Lopez-Areal J, Pérez
Pascual P, Mazon MA, Herreros Guilarte V. Preliminary
report of an epidemic tularemia outbreak in Valladolid. Rev
Clin Esp 1998, 198, 789-793.

2. Berdal BP, Mehl R, Meidell NK, Lorentzen-Styr AM,
Scheel O. Field investigations of tularemia in Norway.
FEMS Immunol Med Microbiol 1996, 13, 191-195.

3. Chu MC, Weyant RS. Francisella and brucella. In: Murray
PR, Baron EJ, Jorgensen JH, Pfaller MA, Yolken RH (eds.).
Manual of Clinical Microbiology. 8th ed. pp. 789-808,
American Society for Microbiology, Washington DC, 2003.

4. Fortier AH, Polsinelli T, Green SJ, Nacy CA. Activation
of macrophages for destruction of Francisella tularensis:
identification of cytokines, effector cells, and effector
molecules. Infect Immun 1992, 60, 817-825.

5. Fortier AH, Slayter MV, Ziemba R, Meltzer MS, Nacy
CA. Live vaccine strain of Francisella tularensis: infection
and immunity in mice. Infect Immun 1991, 59, 2922-2928.

6. Gavrilin MA, Bouakl 1J, Knatz NL, Duncan MD, Hall
MW, Gunn JS, Wewers MD. Internalization and phagosome
escape required for Francisella to induce human monocyte
IL-1beta processing and release. Proc Natl Acad Sci USA
2006, 103, 141-146.

7. Golovliov I, Sandstréom G, Ericsson M, Sjostedt A,
Tarnvik A. Cytokine expression in the liver during the early
phase of murine tularemia. Infect Immun 1995, 63, 534-538.

8. Kirttunen R, Surcel HM, Andersson G, Ekre HP, Herva
E. Francisella tularensis-induced in vitro gamma interferon,
tumor necrosis factor alpha, and interleukin 2 responses
appear within 2 weeks of tularemia vaccination in human
beings. J Clin Microbiol 1991, 29, 753-756.

9. Katz J, Zhang P, Martin M, Vogel SN, Michalek SM.
Toll-like receptor 2 is required for inflammatory responses
to Francisella tularensis LVS. Infect Immun 2006, 74,
2809-2816.

10. Kim MY, Ha GY, Ahn WS, Lim HS, Kim DH, Chong YS.
A case of tularemia caused by Francisella Tularensis. Korean
J Clin Pathol 1998, 18, 90-95.

11. McCoy GW, Chapin CW. Further observations on a
plague-like disease of rodents with a preliminary note on the
causative agent, Bacterium tularense. J Infect Dis 1912, 10,
61-72.

12. Ohara Y, Sato T, Fujita H, Ueno T, Homma M. Clinical
manifestations of tularemia in Japan--analysis of 1,355 cases
observed between 1924 and 1987. Infection 1991, 19, 14-17.

13. Ohara Y, Sato T, Homma M. Arthropod-borne tularemia in
Japan: clinical analysis of 1,374 cases observed between
1924 and 1996. J Med Entomol 1998, 35, 471-473.



14.

15.

16.

17.

Olsufjev NG, Meshcheryakova IS. Infraspecific taxonomy
of tularemia agent Francisella tularensis McCoy et Chapin. J
Hyg Epidemiol Microbiol Immunol 1982, 26, 291-299.
Reintjes R, Dedushaj I, Gjini A, Jorgensen TR, Cotter B,
Lieftucht A, D’Ancona F, Dennis DT, Kosoy MA,
Mulligi-Osmani G, Grunow R, Kalaveshi A, Gashi L,
Humolli I. Tularemia outbreak investigation in Kosovo:
case control and environmental studies. Emerg Infect Dis
2002, 8, 69-73.

Rogers HW, Sheehan KC, Brunt LM, Dower SK,
Unanue ER, Schreiber RD. Interleukin 1 participates in the
development of anti-Listeria responses in normal and SCID
mice. Proc Natl Acad Sci USA 1992, 89, 1011-1015.
Stenmark S, Sunnemark D, Bucht A, Sjéstedt A. Rapid

18.

19.

Cytokine response in mice with F. tularensis infection 315

local expression of interleukin-12, tumor necrosis factor
alpha, and gamma interferon after cutaneous Francisella
tularensis infection in tularemia-immune mice. Infect
Immun 1999, 67, 1789-1797.

Tiarnvik A, Ericsson M, Golovliov I, Sandstrom G,
Sjostedt A. Orchestration of the protective immune
response to intracellular bacteria: Francisella tularensis as a
model organism. FEMS Immunol Med Microbiol 1996, 13,
221-225.

Wickstrum JR, Hong KJ, Bokhari S, Reed N,
McWilliams N, Horvat RT, Parmely MJ. Coactivating
signals for the hepatic lymphocyte gamma interferon
response to Francisella tularensis. Infect Immun 2007, 75,
1335-1342.



