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Protection of neutropenic mice from lethal 

Candida albicans infection by recombinant 

interleukin 1*

N atura l and synthetic im m unom odula to rs  th a t  increase nonspecific resistance to 

infection are also know n to induce in terleukin  1 ( IL 1 )  p roduction . P revious studies 

have dem onstra ted  a protective effect of recom binan t h u m an  IL  1(3 against dea th  

from  infection caused by Pseudomonas aeruginosa. In the  p resen t study we investi ­

ga ted  the  effect of IL  1(3 or I L l a  on the  survival of n eu tro p en ic  mice with a lethal 

Candida albicans infection. Mice with cyclophospham ide-induced  n eu tro p en ia  w ere 

in jected  with 3 x  10D C. albicans i.v. W hen  80 ng IL1(3 was given as a single i.p. 

in jection 24 h before the infection, survival com pared  to th a t  in con tro l anim als was 

as follows: 100% vs. 97% at 24 h, 83%  vs. 70%  at 48 h and 70%  vs. 23% a t 72 h after 

the  infection ( p < 0 .0 1 ) .  T he  effect of IL 1  was also a p p a re n t  w hen  it was given Zi h 

before  o r 6 h after the infection. T he  results ob ta ined  with 80 ng I L l a  given at 24 h 

before  infection were similar to tha t ob ta ined  with IL1(3. T h e  num bers  of Candida 

cultured  from  the b lood, liver, spleen, and k idney w ere no t significantly d ifferen t in 

I L ip - t r e a te d  and control animals. Passive transfer o f se rum  o b ta in ed  from  mice 

p re trea ted  with IL  1 to recipient mice did not p rovide p ro tec tion  against a subsequen t 

lethal candidal infection. In conclusion, the p resen t study d em o n stra te s  th a t  IL  ip  and 

IL  l a  prolong survival in neu tropen ic  mice with a lethal C. albicans infection.

1 Introduction

D issem inated  infection caused by Candida species is a m ajo r 

infectious com plication  in the com prom ized  host [1]. T re a t ­

m en t of these  infections with antifungal drugs generally  yields 

d isappoin ting  results, especially in neu tropen ic  patien ts  [2]. 

T hus , th e re  is a clear need  for o ther  form s of therapy , such as 

those  enhancing  na tu ra l resistance to infection.

A  variety  o f substances, such as bacterial lipopolysaccharide 

and  its derivatives, B C G , and m uram yl peptides have been  

show n to increase na tu ra l resistance m echanism s [3-5]. In sys­

tem ic candidal infection in experim enta l anim als, these sub ­

stances w ere  able to im prove survival [6- 8], bu t because of 

the ir  toxicity they  have no t been  appealing  as a therapy  in 

hum ans. T hese  im m unom odu la to ry  drugs are able to induce 

synthesis and secre tion  o f in terleukin  1 ( IL 1 ) ,  a family of 

cytokines m edia ting  the  acute-phase response [9]. Previous 

investigations have shown tha t recom binan t IL 1  is able to 

increase survival in mice with a lethal infection caused by 

Pseudomonas aeruginosa and  Klebsiella pneumoniae [10, 11]. 

T he  m echanism  of this p ro tec tion  is unclear [11], and it is no t 

know n w h e th e r  these findings are lim ited to an effect on infec ­

tions due to G ram -nega tive  bacteria . T h ere fo re ,  we investi-
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gated  the  effect of IL  1 on an experim ental candidal infection 

o f mice. Efficacy o f IL 1  in candidal infection could not only 

offer som e insight in to  the m echanism s of p ro tec tion  against 

dea th  due to  infection, bu t m ight also crea te  new m odalities 

for t re a tm e n t  of candidal infections in hum ans.

2 Materials and methods

2.1 Mice

Fem ale  25 g Swiss W eb ste r  mice (Taconic Farm s, G e rm a n ­

tow n, N Y ) w ere kep t in cages (6 mice pe r  cage) with filter lids, 

and  w ere fed s tandard  lab chow and w ater  ad libitum.

2.2 IL 1

R eco m b in an t hum an  IL lj3  (kindly supplied by D r. A lan  

Shaw, B iogen , G en ev a)  and recom binan t hum an  IL  l a  (kindly 

supplied by D r. P e te r  L om edico , H offm ann-L a  R oche , N ut- 

ley, N J), which con ta in  less than  20 pg o f endotoxin/m g of 

p ro te in , w ere  used. T he  IL  1 was given as a single i.p. injection 

in 2% (v/v) hea t-inactivated  norm al m ouse serum  in 0.1 ml 

pyrogen-free  saline. C ontro l mice received heat-inactivated  

IL 1  (100 °C for 20 m in) in 2%  heat-inactivated  norm al m ouse 

serum .

2.3 Candida albicans

A  strain of C. albicans, te rm ed  U C 8 2 0 , m ain ta ined  on agar 

slants at 4 °C  was inocula ted  in to  100 ml of Y east M ould  agar 

(Difco L abo ra to ries , D e tro it ,  M I) and  cu ltu red  for 24 h at 

37 °C. A fte r  being w ashed  twice by centrifugation  at 1500 x  g, 

the  n u m b er  o f yeast cells in the  suspension was coun ted  in a
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h em o cy to m ete r ,  and the  viability was confirm ed by inoculat ­

ing serial dilutions on to  agar plates.

2.4 Infection model

Mice w ere ren d e red  neu tropen ic  ( < 0 . 2 x l 0 9 granulocytes/ 

liter) by m eans of two s.c. in jections of cyclophospham ide 

(Bristol M yers, Syracuse, N Y ), 150 and 100 mg/kg of body 

w eight, respectively, 4 days and 1 day before the i.v. injection 

o f  3 x  105 C. albicans in 200 (ill phosphate-buffered  saline into 

the  lateral tail vein. T he  mice in each cage were random ized  to 

receive e ither IL 1  at d ifferent times and in different dosages, 

o r heat-inactivated  IL 1 .  Survival was scored at intervals of 

6-8 h over a period  of 72 h.

2.5 In vitro antifungal effects of IL 1

W e exam ined  the possibility tha t  IL  1 might have a direct an ti ­

fungal effect. U sing an au to m ated  spiral p la te r  (Spiral Systems 

Inc ., C incinnati, O H ) we p rep a red  a concen tra tion  gradient of 

IL  ip  ranging from  0.15 to 42 ng/ml on the agar surface of 

M uelle r-H in ton  plates. R adial streaks of C. albicans from  a 

suspension contain ing  1 x  105 colony form ing units (cfu)/ml 

w ere  m ade on the  plates. A f te r  incubation  overnight at 3 7 °C 

the distance from  the cen te r  to the m ost central point of 

grow th inhibition was m easured .

2.6 Quantitation of C. albicans in blood and organs

N eu tropen ic  mice, t rea ted  e ither with IL1(3 or heat-inacti- 

vated  IL  l p  24 h earlier , received an i.v. injection of 3 x  105 

cfu of C. albicans. B lood for cultures was taken  by cardiac 

punctu re  a f te r  C 0 2 asphyxia 15, 30 and 90 s and 3 and 6 min 

afte r  the  i.v. in jection . In an o th e r  series of experim ents, mice 

w ere killed by C 0 2 asphyxia 24 h after the C. albicans in jec ­

tion. Im m edia te ly  afte r  d ea th ,  b lood cultures w ere taken  by 

cardiac p u n c tu re ,  and the  sp leen , the  left kidney and the liver 

w ere rem oved  aseptically, w eighed and hom ogenized  in sterile 

saline in a tissue grinder. B lood  and suspensions o f tissue were 

p la ted  on S a b o u ra u d ’s dextrose  agar. A fte r  overnight incuba ­

tion at 3 7 °C, the  n u m b er  of cfu’s was counted .

2.7 Serum for passive transfer

T w enty-four hours  after an i.p. in jection of e ither 80 ng IL  ip  

o r pyrogen-free  saline in 2% (v/v) norm al m ouse serum , mice 

w ere exsanguinated  by cardiac punctu re  after C 0 2 asphyxia ­

tion. T he  b lood was poo led  and allowed to clot, and the 

serum , sep a ra ted  by cen trifugation , was e ither used im m edi ­

ately o r  s to red  at - 7 0  °C.

2.8 Statistical analysis

Survival curves w ere  analyzed using the K aplan M eier/log rank  

test [12]. S tu d e n t’s t-test was used for the  results of the mi ­

crobiological studies.

3 Results

3.1 Survival of mice

R eco m b in an t hu m an  IL  1(3 was given 24 h before  infection as a 

single i.p. in jection  in dosages of 800 ng, 80 ng o r 8 ng. IL 1  

induced  a d o se -d ep en d en t en h an cem en t of survival in infected 

mice (Fig. la ) .  T he  differences in survival be tw een  mice 

trea ted  with IL1(3 and  contro l anim als receiving heat-inacti ­

va ted  IL  1(3 becam e m ost p rom inen t be tw een  36 and 72 h after 

the  in jection  of C. albicans. If the survival curves are consid ­

e red  tog e th e r ,  the  survival differences com pared  to control 

anim als w ere significant for the  800 ng dose (x2 =  15.6,
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Figure 1. T h e  e f fe c t  o f  IL  1(3 t r e a t m e n t  o n  th e  su rv iva l o f  g ra n u lo c y to p e n ic  m ice  w ith  a c a n d id a l  in fe c t io n .  R e c o m b i n a n t  h u m a n  IL  1(3 w as  g iven  

as a  s ing le  i .p .  in je c t io n .  C o n t r o l  m ice  re c e iv e d  h e a t - in a c t iv a te d  IL  1 ( 1 0 0 °C fo r  20 m in ) .  (A )  T h e  e f fe c t  o f  d i f f e r e n t  d o s a g e s  o f  IL  1(3 g iv en  24 h 

b e fo re  in fe c t io n .  E a c h  g r o u p  r e p r e s e n t s  30 m ice .  T h e  d if fe re n c e s  in su rv iva l c o m p a r e d  to  c o n t ro l  a n im a ls  a re  s ig n if ican t  fo r  th e  800 ng  d o se  a n d  

fo r  80 ng , b u t  n o t  fo r  th e  8 ng  d o s e .  (B )  S u rv iv a l  w ith  a s ingle  in je c t io n  o f  80 ng IL  i p  g iven  a t  d i f f e r e n t  t im es .  T h e r e  w e r e  30 m ice  in e a c h  g ro u p .  

T h e  c o n t ro ls  a n d  th e  g r o u p  re c e iv in g  80 ng  IL  1(3 24 h b e fo re  in fec t io n  a re  th e  s a m e  as p r e s e n te d  in ( A ) .  T h e  p ro te c t iv e  e f fe c t  o f  IL  l p  w a s  s im ila r  

w h e t h e r  it w as  g iv en  24 h b e f o r e ,  sh o r t ly  b e fo re  o r  6 h a f te r  in fec t io n .  (C )  80 ng  IL  l a  g iven  24 h b e f o r e  in fe c t io n  h a d  a s im ila r  p ro te c t iv e  e f fec t  

as 80 ng  I L  l p  (20  m ice  p e r  g ro u p ) .



p <  0.001) and  for 80 ng (x2 =  9.2, p < 0 .0 1 ) ,  bu t no t for the 

8 ng dose (x2 =  2.3). T o  investigate the efficacy of IL  1 given at 

d ifferen t tim e points  in re la tion  to the  infection, the relatively 

low dose of 80 ng (3.0 M£/kg, which equals 1.2 m g/m 2) was 

used. T h e  p ro tec tive  effect of this dose of IL 1  was similar _  

w h e th e r  it was given 24 h befo re , shortly before  (x2 =  7.4, 53 

p <  0.01) o r  6 h a fte r  infection (x2 =  5.3, p <  0.02 com pared  to 

controls) (Fig. lb ) .  I L l a  given at a dose of 80 ng/m ouse 24 h 

before  infection ap p ea red  to  have the  sam e protective effect as

80 ng IL  1(3 (Fig. lc ) .
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3.2 In vitro assessment of antimicrobial activity

N o direct antifungal effect of IL  1 could be d em o n stra ted  when 

C. albicans w ere  incubated  in vitro with concentra tions of 

IL  lß  up to 42 ng/ml.
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3.3 Effect of IL 1 on the number of C. albicans in vivo

T he n u m b er  of C. albicans in the b loodstream  of neu tropen ic  

mice up  to 6 m in afte r  i.v. injection of 3 x  105 cfu was similar 

in mice p re trea te d  with 80 ng of IL1(3 24 h earlier and those 

th a t  had  received heat-inactivated  IL 1  (da ta  no t shown). W e 

infer from  these  da ta  tha t the  ra tes of c learance of organisms 

from  the b loodstream  w ere the  sam e in the  two trea tm en t 

groups. U sing the  sam e experim en ta l conditions, no differ ­

ences w ere  found  in the  n u m b er of Candida cu ltured  from  

b lood , liver, sp leen , o r k idney of IL  1-treated  and control ani ­

mals 24 h after infection (Fig. 2). W hen  the  da ta  w ere ex ­

p ressed  as n u m b er  of m icroorganism s p e r  organ ra th e r  than  

p e r  gram  of tissue, the  da ta  from  two groups also did not 

differ.

3.4 Passive transfer of serum

T o investigate w h e th e r  a hum ora l fac tor was responsible for 

the  p ro tec tive  effect, neu tropen ic  mice w ere in jec ted  i.p. with 

0.5 ml o f serum  ob ta ined  from  mice p re trea ted  24 h earlier 

with e ithe r  800 ng IL  1(3 or saline contain ing 2%  norm al m ouse 

serum . W h en  the  transfer was perfo rm ed  e ither  at tim e of the
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Figure 2. C o u n t s  o f  c o lo n ie s  o f  C. albicans in th e  b lo o d  a n d  o rg a n s  o f  

g r a n u lo c y to p e n ic  m ice  24 h a f t e r  an  i.v . in je c t io n  o f  3 x  105 cfu  o f  C. 

albicans. M ic e  r e c e iv e d  e i t h e r  80 ng  h u m a n  r e c o m b in a n t  IL  l ß  ( l igh t 

b a r s )  o r  h e a t - in a c t iv a te d  IL  l ß  ( d a r k  b a rs )  24 h b e f o re  in je c t io n .  E a c h  

b a r  r e p r e s e n t s  th e  m e a n  ±  S D  o f  log cfu /g  t is su e  in 6 m ice .

Figure 3. P a ss iv e  t r a n s f e r  o f  s e ru m .  S e ru m  f ro m  m ice  th a t  re c e iv e d  

800 ng  IL  i p  o r  sa l in e  24 h b e fo re  w as  in je c te d  i .p .  in to  r e c ip ie n t  m ice  

th a t  w e re  in fe c te d  w ith  3 x  105 cfu  o f  C. albicans. T h e  m ice  w e re  

in je c te d  w ith  th e  s e r u m  e i t h e r  s h o r t ly  b e fo re  th e  in fec t io n  ( ■ ;  n =  10) 

o r  24 h a f te r  in fe c t io n  ( A ;  n  =  10). T h e  su rv iv a l  o f  th e s e  m ice  d o e s  n o t  

d i f fe r  f ro m  th e  c o n t ro ls  ( □ ;  n  =  2 0 ).

i.v. in jection  of C. albicans o r 24 h la ter, no pro tec tion  was 

ob ta ined  (Fig. 3).

4 Discussion

In these  studies, we rep o rt  the  efficacy of a single injection of a 

low dosage o f e ither  IL  1(3 o r I L l a  in prolonging survival in 

neu tropen ic  mice with d issem inated  C. albicans infection. 

T hese  results ex tend  those we have ob ta ined  for Pseudomonas 

aeruginosa in a previous study [11]. In contrast with this G ram - 

negative infection, p ro tec tion  against a candidal infection was 

ob ta ined  no t only w hen IL  ip  was given 24 h before , bu t also 

w hen  it was given sim ultaneously  with or 6 h after the in jec ­

tion of C. albicans. This lack o f a so-called “negative p h ase” 

(i.e. a period  in which no p ro tec tion  can be induced [6]) may 

be due to the  fact th a t  the  course of the  candidal infection in 

these  mice was som ew hat m ore  p ro trac ted  than  that of the 

G ram -negative  bacterial infection, thus allowing m ore  tim e for 

a possible beneficial effect of IL 1  to be established. A lte rn a ­

tively, th e re  m ight be differences betw een  the m echanism s of 

p ro tec tion  to  dea th  from  bacterial and fungal infections. It is 

o f in terest tha t K im ball et al. [6] dem onstra ted  a negative 

phase  for p ro tec tion  by bacterial endotoxin  in a C. albicans 

infection. T he  accelera ted  dea th  ra te  observed  in their studies 

might be due to  the  com bined  adverse effect of the  infection 

and  the  endotoxin .

T he  p ro tec tion  against candidal infection ob ta ined  by prior 

adm in istra tion  o f bacteria l endo tox in  has been  a ttr ibu ted  to 

en h an cem en t o f the  c learance of C. albicans from  the blood 

s tream  and  inhibition  of the  ou tgrow th  in the  kidney [7]. W e 

found  no differences in the  ra te  of clearance of fungi from  the 

b loodstream  (shortly  after in jection and 24 h later) and their 

ou tg row th  in the  tissues be tw een  IL  1-treated  and control ani ­

mals. Since all ou r experim ents  w ere perfo rm ed  in severely 

neu tropen ic  mice, it seem s unlikely tha t the  beneficial effect

I 6816.3
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was m ed ia ted  by neu trophils . In a previous study of lethal 

infection caused  by P. aeruginosa we excluded the possibility 

th a t  the  pro tective  effect of IL 1  was directly re la ted  to the 

induction  o f fever, the  c learance of m icro-organism s from  the 

b loodstream  by activation of m acrophages, or by a direct an ti ­

m icrobial effect [11]. A  possible explanation  for the  beneficial 

influence of I L 1 in G ram -negative  infections could be through 

a hum oral m echanism , for exam ple via acute-phase pro teins, 

such as an endotox in-b ind ing  pro te in  [13, 14]. Because C. 

albicans does no t contain  endo tox in , m echanism s o th e r  than  

endotoxin-b inding  p ro te in  m ust be involved. Evidence for a 

hum oral m echanism  was p rovided  by Kimball et al. who found 

tha t m ouse serum , ob ta ined  24 h after an endotoxin  injection, 

could transfer  p ro tec tion  against a lethal candidal infection [6]. 

W h e th e r  in the ir  studies the  protective factor was IL  1 o r an 

acu te-phase  p ro te in  is unclear. In the p resen t study, we were 

unab le  to p ro tec t mice by passive transfer of serum  obta ined  

24 h after an in jection  with 800 ng IL 1 . In the Pseudomonas 

infection we w ere also unable  to transfer p ro tection  with 

serum  ob ta ined  after the adm inistra tion  of IL  1 (unpublished 

da ta) .

T hus, the  p resen t study indicates tha t  the beneficial effect of 

IL  1 is no t m ed ia ted  th rough  a transferab le  factor and cannot 

be explained by an endotox in-an tagoniz ing  effect. It has been  

suggested tha t cytokines like IL  1 and tu m o r necrosis factor 

(T N F) con tribu te  to dea th  from  infection [15-17]. H ow  early 

t rea tm en t with IL 1  could reduce the lethal effects of these 

cytokines is no t yet know n. O n e  could speculate tha t this could 

be effected by occupation  of cytokine recep tors  on cells o r by 

an inhibition of endogenous  cytokine production . F u rth e r  

studies are  needed  to elucidate  these possibilities. W hichever 

the  m echanism  is, the  pro tective  effect could have im portan t 

im plications for the fu tu re  t rea tm en t of serious candidal infec ­

tions in n eu tro p en ic  patients.
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