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Abstract 

Cytokine mRNA expression was determined in the liver of mice subcutaneously inoculated with a lethal dose of the 

highly virulent strain FSC 041 of Francisella tularensis subvar. tularensis or a sublethal dose of the live vaccine strain of 
F. tuhrert.sis subvar. pulaeurcticn. Expression of mRNA for TNF+. IL- 12, IFN- y, and IL- IO was demonstrated within 48 h 
of inoculation, the kinetics being similar irrespective of bacterial strain used. Thus. the expression of a cytokine response 
believed to be important in the early host defence against live vaccine strain seemed insufficient to prevent the lethality of a 
more virulent strain. 
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1. Introduction 

Tularemia is a zoonotic disease. caused by the 

facultative intracellular bacterium Francisella tu- 

larensis. Outbreaks in rabbits, hares, and rodents are 
often paralleled by the presence of increased num- 
bers of human cases. The most common portal of 
entry in humans is the skin, reached by an insect 
vector or by direct contact with an infected animal. 

The pathogenesis of tularemia is only partly un- 

derstood. There is usually an intense inflammatory 
response with high fever and pronounced involve- 
ment of regional lymph nodes. Histopathologically, 
tularemia shows the signs of an intracellular infec- 
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tion with an accumulation of mononuclear leuko- 
cytes. No potent toxin has been shown to be pro- 

duced by F. tulurensis [I]. Instead, the virulence of 
the organism is believed to depend on its capacity to 
multiply into high numbers before effective protec- 
tion is developed [2]. 

Being a zoonosis with wild rodents as natural 

sources, tularemia is favourably studied in murine 
models [3.4]. Results indicate that, in similarity to 
other intracellular bacteria, the protective host re- 
sponse to F. tulcrrensis can be divided into two 
phases. an early innate T-cell independent and a later 

cognate T-cell dependent phase [5,6]. In both phases, 
an important effector mechanism is the production of 
IFN-y. which activates the antimicrobial capacity of 
macrophages. 

The T-cell independent host response to an intra- 
cellular pathogen is evoked within the first few days 
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of infection. It depends on the production of cy- 
tokines, preferentially TNF-(Y, IL-12, and IFN-y [7- 

111. When congenitally athymic mice were treated 
with monoclonal antibodies to TNF-cz or IFN-7. 
they succumbed to an otherwise sublethal infection 
with the live vaccine strain F. tularensis LVS [6]. 

In previous experiments, LVS injected by the 

dermal route in mice was found to induce an early 
expression in the liver of mRNAs for TNF-a!, EN-y, 
IL- 10 and IL- 12 [ 121. The aim of the present study 

was to describe the response to a highly virulent 
strain. 

2. Materials and methods 

2.1. Animals 

Female BALB/cJ mice 5 to 8 weeks old were 
purchased from Bomholtg%rd, Ry, Denmark. 

2.2. Bacteria 

The strains used, F. tularensis biovar tularensis 
FSC 041 (a highly virulent type A strain) and F. 
tularensis biovar pahearctica FSC 155 (the type B 
live vaccine strain LVS), were from the Francisella 
strain collection in Ume%, Sweden [ 131. Bacteria 
were grown on modified Thayer-Martin agar [ 141, 
harvested, and kept frozen at -70°C. For heat-kill- 

ing, bacteria from the Thayer-Martin agar were sus- 
pended at a density of lOlo organisms/ml in PBS 
and treated at 65°C for 1 h. 

2.3. Inoculation of bacteria and preparation of or- 
gans 

Mice were S.C. inoculated with a sublethal dose 
(2 X 105’ of viable FSC 155, a lethal dose (2 X IO’) 
of the highly virulent strain FSC 041, or 10’ heat- 
killed bacteria (FSC 155) in a total volume of 0.1 ml. 

Fig. I. Kinetics of bacterial growth of F. tularensis LVS (W 1 and 

the highly virulent strain FSC 041 (0) in liver of mice. The mice 

were inoculated S.C. with 2 X IO’ LVS or 2 X 10” FSC 04 I 
organisms and sacrificed at various times for estimation of viable 

counts. The mean log,,, number of cfu of two mice is indicated. 

One portion of the liver was utilised for demonstra- 
tion of cytokine mRNA and another for determina- 
tion of viable counts. 

2.4. RNA extraction and cDNA preparation 

RNA was isolated by a guanidine isothiocyanate- 

phenol-chloroform-isoamylalcohol single step 
method [ 151 and cDNA was synthesis as previously 
described [ 131. 

2.5. PCR procedure 

Specific primers for murine &microglobulin, IL- 
2, IL-3, IL-4, IL- 10, IL- 12~35, IL- 12~40, IFN-y, 
and TNF-a [8] were purchased from Scandinavian 

Gene Synthesis AB, Stockholm, Sweden. cDNA was 
amplified as previously described [ 131. cDNA frag- 
ments corresponding to each cytokine were obtained 
from Clontech, Palo Alto, California, and used as 

Fig. 2. PCR-assisted mRNA amplification of samples from the liver of BALB/cJ mice S.C. inoculated with 2 x IO5 LVS or 2 X IO” FSC 

041 organisms and killed at various intervals: 0. negative control; I, 0 h: 2, I h; 3. 2 h: 4, 6 h; 5. 24 h; 6. 48 h: 7. 72 h; 8. 96 h: 9, positive 

control. Samples were tested for &-microglobulin, TNFcy, IFN-y. IL-I. IL-3. IL-4, IL- IO and IL-12 after inoculation of LVS (A) and 

&-microglobulin, TNF-(Y, EN-y, IL-IO and IL-12 after inoculation of the FSC 041 strain (B). The PCR products were separated in a I .5% 
agarose gel and visualized by ethidium bromide staining. 
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positive controls. In negative controls, cDNA was 

omitted. A sample ( 10 ~1) of each amplified product 
was subjected to electrophoresis, stained with ethid- 
ium bromide, and visualized by UV illumination. As 

DNA size marker, a 1 kb ladder was used (Gibco 
BRL). 

3. Results 

3. I. Bacterial growth 

After S.C. injection of a sublethal dose of F. 
tularensis LVS (2 X lo5 bacteria), there was an 
exponential increase of bacterial numbers in the liver 

until 72 h, when a plateau level was recorded. For 
comparison, F. tularensis FSC 041, injected at a 

lethal dose of 2 X 10’ organisms, increased in num- 
ber during the whole 96-h period studied (Fig. 1). 
After 72 h, there were lo6 LVS and lo8 FSC 041 
organisms per organ. 

3.2. Cytokine mRNA expression in the liver of mice 
infected with F. tularensis 

After S.C. injection of F. tularensis LVS (2 X lo5 
organisms), expression in the liver of mRNA for 
TNF-a, IFN-y, IL-lo, IL-12~35, and IL-12~40 was 

determined at 0, 1, 2, 6, 24, 48, 72, and 96 h. TNF-a 
mRNA was detected at 24 h, whereas mRNA for 
IFN-7, IL- 10, and the p40 subunit of IL- 12 appeared 
at 48 h (Fig. 2). As expected, the ~35 subunit of 
IL-12 was constitutively expressed. Within 96 h of 
S.C. inoculation of 10’ heat-killed organisms, no 
induction of mRNA for any of the cytokines was 
demonstrated in the liver (data not shown). These 

results were in agreement with previously reported 
data [12]. In that study, levels of TNF-a and IFN-y 
in the liver extracts were in accordance with the 

mRNA expression. 
When a lethal dose (2 X 10’) of the highly viru- 

lent strain FSC 041 was S.C. inoculated in mice, 
mRNA for TNF-a, IFN-y, IL- 10, and the p40 sub- 
unit of IL-12 were expressed with kinetics similar to 
those of the response to LVS (Fig. 2). Thus, the 
innate cytokine response seemed to be quite similar 
irrespective of whether the organism was highly 
virulent and the disease was fatal, or whether the 

organism had a limited virulence and the infection 

was controlled by the host. 

4. Discussion 

The reason for the difference in virulence between 
various strains of F. tularensis is not fully under- 

stood. Basically, there are two main strategies, by 
which intracellular bacteria are known to evade the 

host resistance. Highly virulent bacteria may either 
avoid induce an effective antimicrobial response or 
alternatively resist the antimicrobial effects of the 
host [ 16,171. In experimental Yersinia pestis infec- 

tion, a capacity of the microbe to retard the early 
cytokine response has been found to be a virulence 
trait [18]. In the present study, the kinetics of the 

early cytokine response was the same irrespective of 
the use of a sublethal dose of LVS or a lethal dose of 
the highly virulent F. tularensis FSC 041. The latter 

strain may obviously be resistant to effects mediated 
by an early cytokine response. 

A relation between virulence and resistance to 

intracellular killing has previously been demon- 
strated in F. tularensis [ 19,201. In those experiments, 
both LVS and a wild strain were phagocytosed by 

human neutrophils in vitro, but only the LVS was 
intracellularly killed. LVS was much more suscepti- 
ble to hydrogen peroxide and hypochlorous acid, 
reactive oxygen metabolites produced during the 
phagocytosis. Such oxygen-dependent killing is be- 
lieved to be enhanced also in macrophages as a 
result of their activation by IFN-y. Together with 
these results [19,20], the present data lend support to 
the assumption that LVS has lost resistance to intra- 

cellular killing by phagocytes rather than the capac- 
ity to retard a cytokine response of the host. 

The liver offers good opportunities to make clear- 
cut observations in experimental tularemia. There is 
little basic inflammatory activity in the liver. Under 
the present experimental conditions, the background 
level of cytokines in the liver has been found to be 
much lower than in lymph nodes and spleen [ 121. 

The host response here demonstrated may well be 
relevant to the situation in human tularemia. In 
similarity to the situation in BALB/c mice. human 
infection with F. tularensis biovar. tularensis is 
associated with bacterial infiltration of the liver. 
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When old descriptions of human fatal cases of tu- 

laremia [21] are compared to descriptions of the 
pathology of murine lethal tularemia [22], liver 
changes appear to have been strikingly similar. 

By use of strains of F. tularensis of various 

virulence. information may be obtained reflecting 
more or less severe tularemia in man. The present 

observations on the type A strain FSC 041 would 
correspond to fulminant tularemia in man. As few as 

10 organisms of F. tularen.sis biovar tularensis given 
subcutaneously are sufficient to induce tularemia in 
humans [33], and in preantibiotic times, type A 
tularemia had a significant mortality. The present 

observations indicate that a cytokine response may 
be evoked during the early phase of fatal tularemia 
although not with an efficiency sufficient to control 
the infection. 

In conclusion, not only the attenuated strain F. 
tularensis LVS but also a highly virulent strain of 
the species induced expression of mRNA for cy- 
tokines believed to be involved in the early native 

host defence. Provided that the cytokines are indeed 
produced and secreted after transcription, the highly 
virulent strain seems to be resistant to the antimicro- 

bial effects mediated by this early cytokine response. 

Acknowledgements [I21 

This work was supported by grants from the 
Swedish Medical Research Council (project no. 1131 
9485). the Royal Swedish Academy of Sciences, and 
the Wenner-Gren Center Foundation. 

References 

[II 

El 

131 

141 

Skrodzki, E. (1968) Investigations on the pathogenesis of 

tularemia. Report VII. Attempts to discover F. tularensis 

toxins. Bacteriological Rev. 19, 69-76. 

Tlrnvik, A. (1989) Nature of protective immunity to Fran- 

r~isrlla tukrrensis. Rev. Infect. Dis. 1 I, 440-45 I. 

Anthony, L.S.D. and Kongshavn, P.A.L. (1987) Experimen- 

tal murine tularemia caused by Fruncisella tularensis, vac- 

cine strain: a model of acquired cellular resistance. Bicrob. 

Pathog. 2, 3-14. 

Fortier, A.H., Slayter. M.V.. Ziemba. R., Meltzer, MS. and 

Nacy, C.A. (1991) Live vaccine strain of Fruncisellu a- 

/trrrmi.s: infection and immunity in mice. Infect. Immun. 59. 

2922-2928. 

[5] Elkins, K.L.. Leiby. D.A., Winegar, R.K.. Nacy, C.A. and 

Fortier. A.H. (1992) Rapid generation of specific protective 

immunity to Frmciselln rularmsis. Infect. Immun. 60. 

357 1-4577. 

[6] Elkins. K.L.. Rhinehart-Jones. T., Nacy, C.A., Winegar, R.K. 

and Fortier, A.H. (1993) T-cell-independent resistance to 

infection and generation of immunity to Frmcisrllu t~r/mw- 

sis. Infect. Immun. 61, 823-829. 

[7] Bancroft. G.J.. Sheehan. K.C.F.. Schreiber, R.D. and Unanue. 

E.R. (1989) Tumor necrosis factor is involved in the T 

cell-independent pathway of macrophage activation in \c,ir/ 

mice. J. Immunol. 143, 127-130. 

[8] Denkers. E.Y.. Gazzinelli, R.T.. Martin. D. and Sher. A. 

(1993) Emergence of NKI.I+ cells ah effecters of IFN-y 

dependent immunity to Torup/a.s?~rcr gmdii in MHC clahs 

I-deficient mice. J. Exp. Med. 178. 1465- 1471. 

[9] Poaton. R.M. and Kurlander. R.J. (1991) Analysis of the time 

course of IFN-y mRNA and protein production during pri- 

mary murine listeriosis. The immune phase of bacterial elin- 

ination is not temporally linked to IFN production in viva. J. 

Immunol. 146. 4333-4337. 

[IO] Gazzinelli. R.T.. Hieny. S.. Wynn. T.A. Wolf. S. and Sher. 

A. (1993) Interleukin 12 is required for the T-lymphocyte-in- 

dependent induction of interferon y by an intracellular pain- 

site and induces resistance in T-cell-deficient hosts. Proc. 

Natl. Acad. Sci. USA 90, 61 15-61 19. 

11 II 

1141 

1151 

iI61 

1171 

Tripp. C.S.. Wolf, S.F. and Unanue. E.R. (1993) Interleuhin 

I2 and tumor necrosis factor cy are costimulators of inter- 

feron y production by natural killer cells in severe combined 

immunodeficiency mice with listeriosis. and interleukin 10 is 

a physiologic antagonist. Proc. Natl. Acad. Sci. LISA 90. 

3725-3729. 

Golovliov. I., Sandstriim. G.. Ericsson. M.. Sjastedt. A. and 

Tiirnvik. A. (1995) Cytokine expression in the liver during 

the early phase of murine tularemia. Infect. lmmun. 63. 

533-538. 

Foraman. M., Sandstrtim. G. and Sjiistedt. A. ( 1994) Analy- 

sis of I6S ribosomal DNA sequences of Fr~lnc?yr//tr rlt/trrr,~- 

sis strains and utilization for determination of the genus and 

for identification of strains by PCR. Int. J. Syst. Bacterial. 

44. 38-16. 

Sandstriim, G.. T%nvik. A., Wolf-Watz. H. and Liifgren. S. 

( 1984) Antigen from Frmcisrlla rultrrensiv: Nonidentity be- 

tween determinants participating in cell-mediated and hu- 

moral reactions. Infect. Immun. 35. IOI-106. 

Chomczynski. P. and Sacchi. N. ( 1987) Single-step method 

of RNA isolation by acid guanidinium thiocyanate-pheno- 

chloroform extraction. Anal. Biochem. 162, 156- 159. 

Miller. R.M., Garbus. J. and Hornick, R.B. (1972) Lack of 

enhanced oxygen consumption byk polymorphonuclear 

leukocytes on phagocytosis of virulent S~i/rn<,r~r//u ryphi. 

Science 175. 1010-1011. 

Goren, M.B., Grange, J.M., Aber, V.R.. Allen, B.W. and 

Mitchison. D.A. (1982) Role of lipid content and hydrogen 

peroxide susceptibility in determining the guinea-pig viru- 

lence of Mycobtrcreriunr frrherculosi.v. Br. J. Exp. Pathol. 63, 

693-700. 

D
ow

nloaded from
 https://academ

ic.oup.com
/fem

spd/article/13/3/239/437487 by guest on 18 M
ay 2023



244 I. Golol;lioLt et al. / FEMS Immunology and Medical Microbiology 13 f 1996) 239-244 

[IS] Nakajima, R. and Brubaker, R.R. (19931 Association be- 

tween virulence of Yersiniu pestis and suppression of gamma 

interferon and tumor necrosis factor alpha. Infect. Immun. 

61, 23-31. 

[19] Lofgren, S., Tamvik, A.. Bloom, G.D. and Sjoberg, W. 

(1983) Phagocytosis and killing of Francisella tulurensis by 

human polymorphonuclear leukocytes. Infect. Immun. 39, 

715-720. 

[20] Lofgren, S., TZrnvik, A., Thore, M. and Carlsson, J. (19841 

A wild and an attenuated strain of Francisella tularensis 
differ in susceptibility to hypochlorous acid: a possible expla- 

nation of their different handling by polymorphonuclear 

leukocytes. Infect. Immun. 43. 730-734. 

[21] Lillie, R.D. and Francis, E. (1936) The pathology of tu- 

laremia in man (Homu sapiens). In: The Pathology of Tu- 

laremia (National Institute of Health Bulletin 1671. pp: l-8 1. 

Public Health Sevice, Washington, DC. 

[22] Kitamura, S., Fukada. M., Takeda, H., Ouchi, S., Nakano. S. 

and Unagami, T. (19561 Pathology of tularemia. Acta Pathol. 

Jpn. 6(Suppl.), 7 19-764. 

[23] Saslaw. S., Eigelsbach, H.T., Wilson, H.E., Prior. J.A. and 

Carhart, S. (1961) Tularemia vaccine study. I. Intracutaneous 

challenge. Arch. Intern. Med. 107. 689-701. D
ow

nloaded from
 https://academ

ic.oup.com
/fem

spd/article/13/3/239/437487 by guest on 18 M
ay 2023


