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Abs t rac t - -The  intravenous administration of killed Corynebacterium parvum 
(C. parvum) into C57Bl mice lead to a significant granulocytopenia within 7- 
15 rain after the injection, which was followed by a striking granulocytosis at 2 hr. A 
second granulocytopenic phase appeared at 12 hr, while normal blood neutrophil counts 
were observed at 24hr. The bone marrow granulocyte reserves (MGR) decreased 
dramatically within 2 hr. A significant decline in the number of band cells and 
metamyelocytes was noted at 12-72 hr and of myelocytes (MC) at 24 hr. The number 
of promyeloeytes (PMC) and myeloblasts (B1) presented a significant rise at 24-72 hr 
after the injection of C. parvum. The labelling indexes were found to be increased at 
12 24hr in both MC and BI-PMC compartments. The number of granulocyte- 
macrophage progenitor cells (GI~-CFC) increased significantly at 24 28hr. The 
proportion of DNA-synthesizing GM-CFC was also Jbund to be elevated 12-24hr 
after the injection of the bacterium. The sequence of events which were observed in these 
experiments indicates that the effect of C. parvum on granulopoiesis starts with a 
rapid release of MGR into the bloodstream and is followed by an acceleration of 
proliferation concerning simultaneously both differentiated and committed stem cell 
compartments of granulocytic series. 

I N T R O D U C T I O N  

ONE OF the major problems which appear in 
the immunotherapy of cancer with killed 
Corynebacterium parvum (C. parvum) is the de- 
termination of the optimal timing of its ad- 
ministration in relation to the application of 
chemotherapy. This difficulty is probably due, 
at least in part, to some biological effects of 
the bacterium on normal bone marrow hemo- 
poietic cells. Studies from several laboratories 
have already shown that the i.v. or i.p. in- 
jection of C. parvum into mice leads to signi- 
ficant changes in both pluripotent hemo- 
poietic stem cell (CFUs) [1] and committed 
granulocyte-macrophage progenitor cell 
(GM-CFC)  [2-7] compartments. The propor- 
tion of DNA-synthesizing CFUs and G M -  
CFC has also been found to be significantly 
increased after C. parvum stimulation [1, 8]. 
However, the effect of the bacterium on the 
various morphological compartments of bone 
marrow hemopoietic cells is not well known. 
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The purpose of the present paper is to 
describe the alterations in granulopoiesis 
which were observed in the mouse after a 
single i.v. injection of C. parvum. The per- 
ipheral blood neutrophil counts, the bone 
marrow cellularity and the size and turnover 
of neutrophil precursor cells are studied in 
relation to the changes of G M - C F C  after this 
single injection of the bacterium. 

MATERIALS AND M E T H O D S  

Adult C57B1 male syngeneic mice, 8-10- 
week-old, were used in all experiments. The 
animals were injected i.v. with 548/*g of killed 
C. parvum (Lot 0407, Mfirieux Lab.) or with 
10gg of E. coli endotoxin (lipopolysaccharide 
W of 055:B5 strain, Difco Lab.) and studies 
were done at varying times thereafter. 

Peripheral blood was obtained from the 
inner angle of the eye. The blood was col- 
lected directly in a leukocyte pipette and 
diluted 1:20 in Turk's solution. The total 
leukocyte counts were measured in a Malassez 
hemocytometer. Differential leukocyte counts 
were done by scoring at least 150 cells in each 
of the May-Gri inwald-Giemsa stained blood 
smears. 
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Bone marrow cell suspensions were pre- 
pared by perfusing one femur with l ml of 
single-strength modified Eagle's medium [9]. 
The nucleated cell concentrations were mea- 
sured using the same method as in the blood 
leukocytes. Marrow smears were prepared 
from the other femur and differential counts 
were done by scoring at least 500 cells in each 
of the May-Gri inwald-Giemsa stained slides. 
The morphologic criteria for the classification 
of mouse bone marrow cells have been de- 
scribed in detail elsewhere [10]. 

Autoradiography was used to study the 
turnover of bone marrow cells in normal and 
in C. parvum-treated mice. The animals were 
injected i.p. with 1/2Ci/g body wt of tritiated 
thymidine (3H-TdR) and were sacrificed l hr 
later. Smears taken fi~om the femoral marrow 
were fixed in methanol, dipped in Ilford 
emulsion and exposed for 3 weeks at 4°C. 
Subsequently, they were developed in Kodak 
D-19b solution and stained with Giemsa. 
Labelling indexes on the various morphologi- 
cal compartments were determined by scoring 
at least 100 labelled cells per slide. Labelled 
cells were defined as cells presenting 4 or 
more grains on the nucleus. 

The number of GM CFC per femur was 
evaluated using the double-layer soft agar 
culture technique of Bradley and Metcalf [l 1] 
slightly modified. The proliferative status of 
G M - C F C  was estimated using high doses of 
hydroxyurea (HUR) according to the method 
proposed by Rickard et al. [12]. Both methods 
have been exposed in detail elsewhere [10]. 

Stitistical analysis was performed according 
to variance analysis (F value) and Student's t- 
test. 

RESULTS 

Figure 1 shows the changes in peripheral 
blood neutrophil counts. A significant de- 
crease in the number of circulating neut- 
rophils was observed 7 15min after the in- 
jection of the bacterium. This granulocyto- 
penia was followed by a striking granulo- 
cytosis 2 hr later. A second granulocytopenic 
phase appeared in the animals 12 hr after the 
injection, while normal values in blood neut- 
rophil counts were noted at 24hr and 
thereatier. 

The changes in the number of nucleated 
cells per femur are presented in Fig. 2. A 
significant decline in bone marrow cellularity 
was observed as early as 2 hr after C. parvurn 
reaching a nadir at 24hr. It is evident that 
this decrease was due to the diminution of 
granulocyte elements and, to a lesser degree, 
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Fig. 1. Changes in peripheral blood neutrophil eounta after C. 
parvum or endotoxin treatment. The values, derived j~om 3--7 
experiments with 3-5 mice in each experiment, are expressed as 

means± S.E. Hatched area indicates control values (2 S.E. ). 

22- 

~)9 "~" Total ceils 
X 

3~ 14. 
LIJ 
LL • 

1 0 "  

L tr  

L) G r a n . . - "  

" ~ ............................ + ~_ y;gOa: 

• , i f i 

02  12 24 4 8  72 

HOURS 

b'~g. 9. Changes in the numbers o/ bone marrou granu/og,tic 
cells, er},throblasts and lymphof~tes in relation to the total 
number of  nucleated cells per femur qfier (I. parvum s'timu- 

&lion. Values expressed as means ±S .E .  

to the progressive fall of lymphocytes. The 
erythroblast counts presented only a slight 
and statistically insignificant decline. 

The changes in the various morphological 
compartments of bone marrow- granulocytic 
series are presented in Fig. 3. A statistically 
significant increase in the number of myelo- 
blasts and promyelocytes was noted at 24, 48 
and 72hr and also in the number of pro- 
myelocytes at 12hr. The number of mye- 
locytes remained in the control range 2-12hr 
alter C. parvum, decreased at 24hr and 
reached normal values at 48hr. Dramatic 
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Fig. 3. Alterations in the various morphological compartments 
of femoral granulocytic cells after C. p a r v u m  treatment. The 
data are derived from 3 7 experiments with 3 - 5  mine in each 
experiment, and are shown as means+S.E. Hatched areas 

indicate corresponding control values (2 S .E . ) .  

changes were observed in the number of mature 
bone marrow neutrophils which were found to 
be 7.5 times lower than control values at 2 hr. 
This decrease persisted in varying levels until 
the 72ndhr. The number of band cells and 
metamyelocytes presented a significant decline 

12-48hr after the injection of C. parvum. An 
inverse statistically significant correlation was 
noted at 2hr  between circulating and bone 
marrow band cells and mature neutrophils 
(Fig. 4). 
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Fig. 4. Relationship between the number o f femoral band cells 
and mature neutrophils and the number of circulating granu- 
locytes. Open triangles indicate animals treated with C. p a r -  

r u m  2 h r  before blood and bone marrow cell collection, and 
closed triangles indicate normal untreated animals. 

The changes in the labelling indexes of differ- 
entiated granulocytic elements are given for 
the blast-promyelocyte (B1-PMC)* and mye- 
locyte (MC) compartments in Fig. 5. There 
was a significant increase in the labelling 
indexes of B1-PMC at 12-24hr (P<0 .05  and 
P<0 .01 ,  respectively) and of MC compart- 
ment at 12, 24 and 48hr  (P<0.01,  P<0.001 
and P<0 .01 ,  respectively). The grain count 
distribution in the B1-PMC and MC are 
presented in Fig. 6. An increased proportion 
of heavily labelled cells (more than 20 grains 
per nucleus) was observed in both B1-PMC (P 
<0.001) and MC (P<0.01)  compartments at 
24-48 hr. 

Figure 7 shows the alterations in the num- 
ber and proliferative status of femoral G M -  
CFC. An increase in the absolute number of 
G M - C F C  per femur was observed at 24- 
48hr. The proportion of DNA-sythesizing 
G M  CFC was found to be increased as early 
as 12 hr after the injection of the bacterium (P 
<0.05).  

* B e c a u s e  o f  s o m e  d i f f i cu l t i e s  in  the  r e c o g n i t i o n  of  cel ls  
the  BI a n d  P M C  are  g r o u p e d  in  one  c o m p a r t m e n t ,  the  

B I - P M C .  
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D I S C U S S I O N  
Thc experimental data presented hcre in- 

dicate that the i.v. administration of killed C. 
parvum into mice leads to important changes 
in granulopoiesis. It seems that these changes 
start with a rapid release of marrow granu- 
locyte reserves (MGR) into the bloodstream 
and are followed by an accelerated prolife- 
ration in both committed stem cells and dif- 
ferentiated cells of granulocytic series. 

Although the mechanisms involved in the 
regulation of granulopoicsis are not well 
known yet, one could discuss the possible 

mode of action of C. parvum. The rapid releasc 
of MGR into the bloodstream could bc attri- 
buted to humoral releasing factors liberated in 
the circulation during the early granulocyto- 
penic phase induced by C. parvum 7-15min 
after the injection. Tile existence of such 
humoral Factors tbr neutrophils is actually well 
documented [13, 14]. Previous studies in our 
laboratory offered some evidence that a neut- 
rophil releasing activity has to be present in 
the serum of C. parvum-treated mice shortly 
alter the injection of the bacterium [10]. On 
the other hand, the mentioned above early 
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granulocytopenic phase is probably due, at 
least in part, to the accelerated ingestion of 
injected bacteria by circulating neutrophils 
and the subsequent migration or sequestration 
of these cells into the various organs and 
tissues. Fifteen min after the injection of C. 
parvum almost all circulating neutrophils were 
seen to have ingested one or more bacteria. 
This rapid ingestion might be explained by 
the fact that C. parvum can generate chemo- 
tactic factors for neutrophils by activating 
complement through the alternative pathway 
[15]. 

The profound decrease in bone marrow 
cellularity and the striking granulocytosis 
which was observed 1-2hr  after the injection 
of C. parvum could be attributed to the eva- 
cuation of M G R  into the blood circulation. A 

O/ ~0/o decline in femoral cellularity after C. 
parvum-treatment has also been reported re- 
cently by MacVittie [6]. 

The stimulatory effect of C. parvum on dif- 
ferentiated and committed stem cell compart- 
ments is indicated by a significant increase in 
the number of G M - C F C  and proliferating 
cells of granulocytic series, and also by an 
increase in the labelling indexes for the B1- 
PMC and MC compartments, and in the 
proportion of DNA-sythesizing cells for the 
G M - C F C  compartment. A shortening of the 
generation time of proliferating granulocytic 
cells could be assumed from the pattern of 
grain count distribution of thymidine-labelled 
cells. It is interesting that in this stimulation 
of granulocytic precursor cells by C. parvum 
there is no apparent wave of proliferation 
beginning from G M - C F C  and resulting to 
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M C ,  but it seems that all compartments pre- 
sent a simultaneously appearing increase of 
proliferation which starts a few hours after the 
diminution, of MGR.  

The mechanism by which C. parvum stimu- 
lates granulopoiesis has not been elucidated. 
Nevertheless, a direct effect of the bacterium 
on the granulocytic precursor cells seems to be 
unlikely, while the small amounts of circulat- 
ing colony-stimulating activity (CSA) which 
were observed 12hr after the injection [10] 
cannot certainly explain the profound changes 
in granulopoiesis induced by C. parvum. 
Increased serum CSA levels for up to 14 days 
after C. parvum have been reported recently by 
Foster et al. [5], but studies from other labora- 
tories did not reveal any significant changes in 
serum CSA after C. parvum stimulation [2, 6, 
16]. If  CSA is really prerequisite for granu- 
lopoiesis in vivo, one could assume that in the 
case of C. parvum, an increased production of 
this stimulatory material into the bone cavity 
has to take place just after the migration of 
M G R  into the bloodstream. 

All these alterations in granulopoiesis in- 
duced by C. parvum might have some value 
when a combined chemo-immunotherapy 
schedule has to be applied. Indeed, Foster [8] 
presented experimental data indicating that C. 
parvum sensitises hemopoietic system to 5-fluo- 
rouracil. An increased sensitivity of bone mar- 
row GM-CFC to methotrexate and cytosine 
arabinoside after C. parvum has also been 
observed recen/tly in our laboratory [17]. 
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