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Summary. C3H/He mice were inoculated with Pseudomo- 
nas aeruginosa by various routes 1 day after X5563 trans- 
plantation or 4 days after cyclophosphamide (CY) admin- 
istration. Administration of PSK (Krestin) i.p. or p.o. to 
the tumor-bearing mice or CY-treated tumor-bearing mice 
resulted in an increase in survival rates. Viable P. aerugin- 
osa were inoculated i.v. on day 0 into mice inoculated with 
tumor cells on day - 12 and vaccinated with killed P. aer- 
uginosa on day - 10, or into mice inoculated with tumor 
cells on day - 15, treated with CY on day - 14 and vacci- 
nated on day -10 .  Resistance to infection, which is en- 
hanced by vaccination, was depressed by tumor burden or 
treatment with CY, but such depression was prevented by 
PSK administration. 

Introduction 

In patients with malignant tumors, the functions of pha- 
gocytes and immunocompetent cells are depressed [11], 
and the level of protection afforded against infections by 
such cell populations is further depressed by treatment 
with a variety of anticancer drugs [1, 11]. This suggests the 
need for augmentation of the host defense mechanism for 
successful prevention of infections. 

Various microbial products have been shown to en- 
hance nonspecific resistance to infections [4, 5, 14, 16] and 
suppress the growth of tumors [2, 3, 10] in experimental 
animals. PSK (Krestin), a protein-bound polysaccharide 
extracted from the cultured mycelium of Basidiomycetes, 
was reported to possess an activity to restore the depressed 
immunofunctions in tumor-bearing animals [12, 19, 21]. 

Accordingly, we investigated the protective action of 
PSK against Pseudomonas aeruginosa infection in tumor- 
bearing and anticancer drug-treated mice. 

Materials and methods 

Animals. Female C3H/He mice 6-8  weeks old were used 
(Charles River Japan Inc., Atsugi, Japan). 

Tumor. X5563 plasmacytoma was maintained in ascites 
form. Mice were inoculated s.c. with 1-2 x 10 6 tumor cells. 
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Chemotherapy. Cyclophosphamide (CY, Endoxan, Shion- 
ogi & Co., Ltd, Osaka, Japan) was administered s.c. at a 
dose of 150 mg/kg 1 day after tumor inoculation. 

Strain. Pseudomonas aeruginosa IAM 1514 was used as the 
infectious organism. P. aeruginosa was cultured on heart 
infusion agar (Difco Laboratories, Detroit, Mich, USA) 
and suspended in sterile physiological saline. 

Vaccine. Formalin-killed P. aeruginosa (2 x 108 cells) were 
s.c. injected into the foot pad of mice 2 days after tumor 
inoculation in an experiment without CY treatment or 4 
days after CY administration in an experiment with CY 
treatment. 

Infection. Mice were inoculated with P. aeruginosa i.p., 
i.v., or s.c. at various times after tumor inoculation. CY- 
treated tumor-bearing mice received the organisms i.p., 
i.v., s.c. or through the urinary tract, or were exposed to an 
aerosol containing bacteria at various times after CY treat- 
ment. For urinary tract infection, mice were not given wa- 
ter for a full day before infection. After injection of bacte- 
ria into the urethra, the orifice was closed with a small clip 
for 1 h, and mice were given water 1 h later. For respirato- 
ry tract infection, mice were exposed to an aerosol con- 
taining 10 ml bacterial suspension (2.5 × l 0  9 cells/ml) for 
30 min using a glass nebulizer. Mice were infected i.v. 10 
days after vaccination. Deaths due to infection were re- 
corded. 

Determination of  bacterial growth. Mice received injections 
i.v. or through the urinary tract of viable P. aeruginosa. At 
various times after such infection, they were bled from a 
femoral artery and their kidneys were removed. Individual 
kidneys were homogenized in 10 ml physiological saline 
using a Homoblender (Model 500, Sakuma Manufacturing 
Co., Ltd, Tokyo, Japan). The homogenates were diluted 
10-fold, and 0.1 ml of each dilution was spread on heart 
infusion agar. After incubation at 37°C for 18 h colonies 
were counted. 

Count of  peritoneal exudate cells. One day after tumor in- 
oculation, mice received formalin-killed P. aeruginosa 
(1 x 108 cells) by i.p. injection. Mice were sacrificed by cer- 
vical dislocation 6 and 24 h later, and the peritoneal cavi- 
ties were exposed by abdominal incision. The cavity was 
washed with 10 ml Hanks' balanced salt solution (HBSS, 



GIBCO Laboratories, Grand  Island, USA). The peritoneal 
washings were centrifuged for 10 min at 300 g. The cells 
were then resuspended in 1.0 ml HBSS, and the total num- 
ber of cells was counted using a hemacytometer. 

Count of  peripheral leukocytes. Blood specimens were col- 
lected by puncture of the retro-orbital venous plexus at 
various times after CY administration.  Total numbers  of 
leukocytes were determined by means of a Coulter counter 
(model ZBI, Coulter Electronics, Inc., Hialeah, Fla, USA), 
and differential cell counts were carried out after staining 
of smears with Giemsa's solution. 

Determination of  agglutinating antibody titers. Ten days af- 
ter vaccination, sera were collected by puncture of the ab- 
dominal  vein and diluted in serial 2-fold dilutions in phys- 
iological saline. Formalin-kil led P. aeruginosa suspended 
to 1 x 108 cells/ml in physiological saline was used. Agglu- 
t ination,  scored from 1 to 4, was read macroscopically, 
and the agglutination titer was expressed as the reciprocal 
of the last ant ibody dilution giving 1 plus agglutination. 

PSK. PSK was administered p.o. at a dose of 1000 mg/kg  
every day, or i.p. at 50 mg/kg,  or i.v. at 5 mg/kg,  every 
other day before and after infection. 

Table 1. Survival rates of mice infected with P. aeruginosa at var- 
ious times after tumor inoculation 

Dose and 
route of 
P. aeruginosa 

Survival (%) on day 7 after bacterial infection 

Non-grafted 
control 

Intervals between tumor 
inoculation and bacterial 
infection (days) 

1 7 14 

1 x 107i.p. 40 O* 60 O* 
4.5 x 107i.v. 60 10" 80 0"* 
5 X lOVs.c. 50 0"* 40 0"* 

Each group consisted of 10 mice 
* P < 0.05, ** P < 0.01 compared with the corresponding non-graft- 
ed controls 

Table 2. Effects of PSK on the survival rates of tumor-bearing 
mice infected with P. aeruginosa 

Dose and 
route of 
P. aeruginosa 

Survival (%) on day 7 after bacterial infection" 

Normal Tumor- Tumor-bearing mice 
mice bearing treated with PSK b by 

mice the following routes 

i.p. i.v. p.o. 

1.5 × 107i.p, 90 10 100"* 80** 60* 
2 x 107i.v. 90 0 80** 60** 30 
8 X 107S.C. 70 0 70** 30 40* 

a Bacterial infection was carried out 1 day after tumor inocu- 
lation. Each group consisted of 10 mice 
b PSK was given from 8 days before to 6 days after bacterial in- 
fection 
*P <0.05; **P <0.01; for comparison with the corresponding 
tumor-bearing mice 
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Statistics. Student 's t-test, the chi-square test or the Mann  
and Whitney test was used for the comparison of results. 

R e s u l t s  

Protective effect of PSK against infection in tumor-bearing 
mice 

Regardless of the route of challenge, survival rates were 
lower on days 1 and 14 after tumor inoculat ion in test ani- 
mals than in normal mice. On day 7, however, the survival 
rate was not reduced (Table 1). 

As shown in Table 2, the reduction of resistance to in- 
fection on day 1 after tumor inoculat ion was prevented by 
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Fig. 1. Effect of PSK on bacterial growth in the kidneys of tumor- 
bearing mice infected i.v. with P. aeruginosa. Each group consist- 
ed of 5 mice. A, normal mice; O, tumor-bearing mice; i ,  PSK- 
treated tumor-bearing mice. *P < 0.01, **P < 0.05 compared with 
tumor-bearing mice 
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Fig. 2. Effect of PSK on peritoneal exudate cell counts in tumor- 
bearing mice. Killed bacteria were injected i.p. 1 day after tumor 
inoculation. PSK was given p.o. for 8 days before injection of 
killed bacteria. Each group consisted of 5 mice. A, normal mice; 
O, tumor-bearing mice; O, PSK-treated tumor-bearing mice. 
* P <0.01, ** P <0.05 compared with tumor-bearing mice 
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P S K  admin i s t r a t ion  (i. p., i .v.  or  p.o.).  The  n u m b e r  o f  bac-  
ter ia  in the k idneys  o f  mice  inocu la t ed  with  bac te r ia  at 
such a t ime  was m a r k e d l y  inc reased  ove r  that  in n o r m a l  
mice  at 3 days after  in fec t ion ,  but  was decreased  by oral  
admin i s t r a t i on  o f  P S K  (Fig. 1). 

The  pe r i tonea l  exuda te  cell  coun t  at 6 and  24 h af ter  an  
i .p.  in jec t ion  o f  ki l led bac te r ia  was lower  in mice  inocula t -  
ed with  t u m o r  1 day be fo re  than  in cont ro ls  that  had  re- 
ce ived  in jec t ions  o f  ki l led bac te r ia  bu t  been  res tored  by 
oral  admin i s t r a t ion  o f  P S K  (Fig. 2). 

Protective effect of  PSK against infection in CY-treated 
tumor-bearing mice 

W h e n  mice  were  g iven  C Y  1 day af ter  t u m o r  inocu la t ion  
and  infec ted  with  P. aeruginosa after  ano the r  4 days,  a fur- 
ther  r educ t ion  in res is tance to in fec t ion  was no t ed  regard-  
less o f  the route  o f  in fec t ion  (Table  3). 

W h e n  P S K  was g iven  i.p.,  the  survival  rates were  high- 
er in the an imals  in fec ted  th rough  the i.v.,  i .p. ,  s.c., uri- 
na ry  tract,  or  resp i ra tory  t ract  route  than  in mice  infec ted  
th rough  such routes  but  no t  g iven  PSK.  Af te r  u r ina ry  t ract  
infec t ion ,  bac te r ia  in the  k idneys  d i sappea red  m o r e  rapid-  
ly in PSK- t rea ted  mice  than  in cont ro ls  (Table  4). 

Table 3. Effects of PSK on the survival rates of CY-treated tumor- 
bearing mice infected with P. aeruginosa 

Dose and 
route of 
P. aeruginosa 

Survival (%) on day 7 after bacterial infection a 

Normal 
mice 

CY4reated tumor-bearing mice 

Control PSK b 

4 x 106 i.p. 100 20 90* 
5 x 106 i.v. 100 20 80* 
5 × 106 s.c. 100 0 80* 

1 x 107 100 50 100" 
urinary tract 

Aerosol 100 30 100" 

, Bacterial infection was carried out on day 0 after tumor inocula- 
tion on day - 5  and CY-treatment on day - 4 .  Each group con- 
sisted of 10 mice 

PSK was given i.p. from 8 days before to 6 days after bacterial 
infection 
* P < 0.01 compared with the corresponding controls 

Table 4. Effect of PSK on bacterial growth in the kidneys of 
CY-treated tumor-bearing mice infected by the urinary tract route 

Days after 
bacterial 
infection a 

Number of bacteria in the kidneys (log 10) b 

Normal 
mice 

CY-treated tumor-bearing mice 

Control PSK c 

5 5.0±0.6 7.7±0.4 7.2±0.5 
12 2.9±0.6 7.0±1.2 5.4±0.9* 

a Bacterial infection (1 x 107 cells) was carried out on day 0 after 
tumor inoculation on day - 5 and CY-treatment on day - 4. Each 
group consisted of 5 mice 
b Mean + SD 
c PSK was given i.p. from 8 days before to 6 days after bacterial 
infection 
*P < 0.05 compared with the corresponding controls 

On  day 4 af ter  C Y  t r ea tmen t  in n o r m a l  mice ,  the gran-  
u locy te  count  was decreased.  R e c o v e r y  s tar ted on  day 7, 
and  a t rans ient  increase  was obse rved  on day  9. P S K  ad- 
min i s t ra t ion  led to a rap id  r ecovery  and  a r e m a r k a b l e  in- 
crease  in the  g ranu locy te  coun t  (Fig. 3). 

Combined effect of  PSK and vaccine 

The vacc ine  showed  a m a r k e d  pro tec t ive  ac t ion  agains t  
P. aeruginosa in fec t ion  in n o r m a l  mice.  This  p ro tec t ion  
cou ld  be  t ransfer red  by se rum f rom vacc ina t ed  mice  
(Table  5). 
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Fig. 3. Leukocyte and granulocyte counts in mice treated with CY 
and PSK. CY (150 mg/kg) was given s.c. to all mice. PSK (50 rag/ 
kg) was given i.p. every other day from 4 days before CY admin- 
istration. Each group consisted of 5 mice. Open columns, control 
mice; shaded columns, PSK-treated mice. * P <0.01, ** P <0.05 
compared with corresponding controls 

Table 5. Effects of vaccine and serum transfer on the survival rates 
of normal mice infected with P. aeruginosa 

Dose and 
route of 
P. aeruginosa 

Survival (%) on day 7 after bacterial infection 

Non-treated Vaccination" Serum 
control transfer b 

6 × 108 i.v. 0 0 - 
1,5 x l0 s i.v. 0 100" 60* 
2 × 107 i.v, 90 100 - 

Each group consisted of 10 mice 
Vaccination was carried out 10 days before bacterial infection 

b Two hours before bacterial infection mice were given 0.5 ml 
serum i.p., which was obtained from mice 10 days after vaccina- 
tion 
* P < 0.01 compared with the corresponding non-treated controls 
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Fig. 4a, b. Synergism of PSK and vaccine in protection against 
P. aerugi•osa infection in tumor-bearing mice (a) and CY-treated 
tumor-bearing mice (b). Each group consisted of 10 mice. 
* P < 0.05 compared with corresponding non-PSK-treated groups 

Table 6. Effects of PSK on serum agglutinating antibody titers of 
tumor-bearing mice and CY-treated tumor-bearing mice given 
vaccine 

Sera a Agglutinating antibody 
titers (log 2) e 

Normal mice 
Tumor-bearing mice b 
PSK°-treated tumor-bearing mice 
CY-treated tumor-bearing mice ~ 
CY- and PSK°-treated tumor- 
bearing mice 

5.0±0.6 
2.6±0.5 
3.8±0.4** 
1.8±0.8 
3.0±0.8* 

Sera were obtained from 5 mice in each group 10 days after vac- 
cination 
b Vaccination was carried out on day 0 after tumor inoculation 
on day - 2 
c PSK was given i.p. from 4 days before to 10 days after vacci- 
nation 
d Vaccination was carried out on day 0 after tumor inoculation on 
day - 5  and CY-treatment on day - 4  
e Mean _+ SD 
*P <0.05; **P <0.01 compared with corresponding non-PSK- 
treated mice 

Bacterial  infection was carr ied out on day  0 after tu- 
mor  inocula t ion on day - 12 and vaccinat ion on day  - l0 
(Fig. 4a). In an exper iment  with CY treatment ,  bacter ia l  
infection was carried out on day  0 after tumor  inocula t ion  
on day - 15, CY t rea tment  on day - 14 and vaccinat ion 
on day  - 10 (Fig. 4b). 

In tumor-bear ing mice or those treated with CY, the 
protect ion af forded by the vaccine was less p ronounced  
and agglutinat ing an t ibody  titers were lower. However ,  
these phenomena  were a t tenuated by PSK adminis t ra t ion  
(Fig. 4, Table 6). 

Discussion 

It has been repor ted that  neutrophi ls  p lay  an impor tan t  
role in resistance to infection with P. aeruginosa [18], and 
when serious infection occurs ant ibodies  have been shown 
to induce aggregation and to p romote  phagocytosis  of  
neutrophi ls  [6]. 

The resistance to P. aeruginosa infection was decreased 
in the initial and terminal  stages of  tumor  deve lopment  in 
mice. On the other hand,  resistance was slightly higher in 
the in termediate  stage. 

Chemotaxis  of  neutrophils  and macrophages  is report-  
ed to decrease in cancer  petients [9] or tumor-bear ing  mice 
[17]. We also noted a decrease in the number  of  per i toneal  
exudate cells in response to ki l led P. aeruginosa in tumor-  
bear ing mice. This suggests that  phagocyte  accumulat ion  
at the infected lesion is inhibi ted by the tumor,  decreasing 
the host 's  resistance to infection. An increase in the resis- 
tance to infection in the intermediate  stage o f  tumor  devel- 
opment  seems to have resulted from act ivat ion of  phago-  
cytes by lymphokine-produc ing  sensitized lymphocytes ,  
which may be greater in degree than a decrease in accumu- 
lation. PSK was effective in restoring resistance to infec- 
t ion by  P. aeruginosa in the initial stage of  tumor  develop-  
ment. 

Cyc lophosphamide  reduces resistance to infect ion by 
its cytotoxic effect on leukocytes. S ign i f can t  decreases in 
both the number  of  granulocytes and the resistance to in- 
fection were noted in our experiment .  The adminis t ra t ion  
o f  PSK prevented such decreases in resistance. Satoh et al. 
[15] repor ted  that  PSK increased colony-st imulat ing fac- 
tors in murine  serum. PSK was considered to prevent  the 
decrease in resistance to infect ion by increasing the num- 
ber of  granulocytes  after CY adminis t ra t ion.  

Immunodef ic ien t  pat ients  are given various types of  
bacter ia l  vaccines to prevent  infectious diseases [20, 22]. 
However,  vaccines are not  effective in patients with a de- 
creased abil i ty to p roduce  ant ibody,  as observed in leu- 
kemia  [13, 22]. 

In this study, protect ion by the vaccine was reduced in 
mice treated with CY and or  inocula ted with tumor. With 
the adminis t ra t ion of  PSK, however,  resistance recovered 
near ly  to the level of  non- tumor-bear ing  mice. PSK was re- 
por ted  to prevent  the tumor- induced  decrease in the anti- 
body  product ion  against  sheep red b lood  cells [12, 21]. A 
similar  mechanism may work to prevent  the decrease in 
the an t ibody  product ion  against  P. aeruginosa. 

The incidence of  compl ica t ions  related to infectious 
disease is high in cancer  pat ients  [7, 8]. Such compl ica t ions  
not  only have an adverse effect on the t reatment  o f  cancer,  
but  are often the direct cause of  death. P. aeruginosa is 
considered to be one of  the most  serious oppor tunis t ic  
bacter ial  pathogens causing terminal  infection and super- 
infection. Ant imicrobia l  agents can have only inadequate  
effects in the absence of  host  defense against  infection. 

PSK has been demonst ra ted  to be effective in preven- 
ting infectious diseases in tumor-bear ing  hosts or in hosts 
whose immunologica l  functions are suppressed by carci- 
nostat ic  agents. 
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