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Abstract. Increased numbers of colony-forming cells (CFU-C) were found in peripheral 
blood of 1 1  patients with myelofibrosis. CFU-C determinations were performed on blood 
from the splenic vein and artery and peripheral blood of two of these patients at the time of 
splenectomy. There was a significantly greater concentration of CFU-C in the splenic ve- 
nous blood as opposed to splenic arterial or peripheral blood. In a patient with pathologic 
stage IIA Hodgkin’s disease, CFU-C concentrations in splenic venous and arterial blood 
were not statistically different and were similar to those in peripheral blood. These findings 
suggest that the spleen may be an important site of CFU-C production in some patients with 
myelofibrosis. 

Colony-forming cells (CFU-C) are often 
increased in the peripheral blood of patients 
with chronic granulocytic leukemia (CGL) 
(1, 2) and myelofibrosis (3). It has been 
suggested that the spleen may be a major 
source of CFU-C in these disorders (4-7). 
In order to investigate this point further, 
we performed CFU-C determinations on 
splenic venous and arterial blood obtained 
during splenectomy from two patients with 
myelofibrosis. The findings support the role 
of the spleen as an important site of CFU-C 
production in myelofibrosis. 

Materials and methods.  Two patients 
with a diagnosis of myelofibrosis (one pri- 
mary and one secondary to polycythemia 
Vera) were followed at the Syracuse Veter- 
ans Administration Hematology Clinic on 
Polycythemia Vera Study Group protocols 
and are presented in the following case re- 
ports (Patients 1 and 2). Informed consent 
was obtained from all patients and the re- 
search was carried out according to the 
Declaration of Helsinki. 

CFU-C determinations were performed 
on unfractionated peripheral blood ob- 
tained from 20 normal volunteers and 11 
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patients with myelofibrosis (including the 
two patients presented in case reports). All 
blood samples were collected in a syringe 
rinsed with preservative-free heparin. Red 
cells were sedimented by inverting the 
syringe for 1 hr and the leukocyte-rich 
plasma was removed. CFU-C determina- 
tions were performed on simultaneously 
obtained samples from the splenic artery 
and vein and peripheral blood of Patients 1 
and 2 and a patient with pathologic Stage 
IIA Hodgkin’s disease. The CFU-C assay 
was performed using the standard double- 
layer agar culture technique as described by 
Pike and Robinson (8). The underlayer 
contained 1 x lo6 peripheral blood 
leukocytes/ml from the same normal donor. 
The overlayer consisted of 1-5 x lo5 nu- 
cleated celldml. The plates were incubated 
in quadruplicate at 37°C in a humidified at- 
mosphere of 5% C0,-95% air. After 14 
days the cultures were examined with an 
inverted microscope. Aggregates of greater 
than 40 cells were counted as colonies. Re- 
sults were expressed as colonies (mean * 
SD for the quadruplicate samples) per 5 x 
lo5 nucleated cells. 

Patient I. Myelofibrosis was diagnosed 
by bone marrow biopsy in a 60-year-old 
male in March 1976. Therapy with melpha- 
lan, prednisone, and testosterone enanthate 
was unsuccessful. Management consisted 
of transfusions of packed red cells. In an 
attempt to decrease transfusion require- 
ments, 250 rad (over five sessions) was ad- 

279 - 
0037-9727/80/100279-04$01 .OO/O 
Copyright @ 1980 by the Society for Experimental Biology and Medicine. 
All rights reserved. 



280 SPLEEN AS SITE OF COLONY-FORMING CELL PRODUCTION 

ministered to the spleen, in March 1977. 
Because of progressive splenomegaly and 
further increasing transfusion require- 
ments, splenectomy was performed 1 
month later. 

At the time of splenectomy, WBC was 
1400/pl (with 40% granulocytes). Peripheral 
blood s me ar re ve a1 e d 1 e u koe ry t h ro bl as - 
tosis, marked anisocytosis , poikilocytosis , 
teardrop forms, and thrombocytopenia. A 
2272-g, spleen revealed hemosiderosis , fi- 
brosis, and extramedullary hematopoiesis , 
with prominent megakaryocytic and eryth- 
roid elements and a paucity of mature 
granulocytes. Postoperatively, the pan- 
cytopenia failed to improve and the patient 
died secondary to sepsis. 

Patient 2. Polycythemia Vera was diag- 
nosed in a 30-year-old male in 1968. Man- 
agement consisted of phlebotomies and 
various myelosuppressive agents. In April 
1979, bone marrow biopsy revealed areas of 
fibrosis interspersed with areas of hyper- 
cellularity. Hemoglobin was 12.2 g/dl, 
WBC 24,50O/ml, and platelets 375,00O/pl. 
Because of severe abdominal discomfort, 
splenectomy was performed in May 1979. 

The spleen weighed 2160 g. Histological 
examination of the spleen and liver biopsy 
re ve a1 ed ex t rame dull ary hem at opoie s is, 
consisting of proliferation of erythroid, 
megakaryocytic, and myeloid elements in- 
cluding mature leukocytes. Postopera- 
tively, the patient developed leukocytosis 
(WBC greater than 90,OOO/pl with 90% 
granulocytes) and thrombocytosis (platelets 
greater than 1 ,OOO,OOO/pl). Both have re- 

solved after treatment with melphalan and 
the patient is currently asymptomatic. 

Results. CFU-C recovered from the 
peripheral blood of 20 normal volunteers 
ranged from 0 to 10 colonies (mean 4 k 4) 
per 5 x lo5 nucleated cells plated (Table I). 
In seven patients with primary myelofi- 
brosis, including Patient 1, circulating 
CFU-C ranged from 108 to 585 (mean 220 -+ 
161). In one of these patients, determina- 
tions a year apart revealed 585 and 530 
colonies/5 x lo5 cells (17,433 and 22,366 
colonies/ml peripheral blood). In a second 
patient, determinations 1 month apart re- 
vealed 118 and 102 colonies/5 x lo5 cells 
(6042 and 5304 colonies/ml peripheral 
blood). In two patients with myelofibrosis 
following polycythemia Vera (including Pa- 
tient 2), the numbers of CFU-C in pe- 
ripheral blood were 110 and 155. Two 
patients with myelofibrosis secondary to 
metastatic breast cancer had 92 and 99 cir- 
culating CFU-C (Table I). 

CFU-C determinations on blood col- 
lected simultaneously at the time of 
splenectomy in Patient 1 revealed identical 
numbers in the peripheral blood and splenic 
arterial blood (3 k 1 colonies/5 x lo5 nu- 
cleated cells) (Table 11). The number of 
CFU-C in splenic venous blood (23 k 4) 
was significantly increased (P < 0.001) over 
peripheral and splenic arterial CFU-C. In 
Patient 2, there were similar numbers of 
CFU-C in peripheral blood (155 2 22) and 
splenic arterial blood (162 k 44) (Table 11). 
The number of CFU-C in splenic venous 
blood (292 2 63) was significantly higher 

TABLE I .  CFU-C IN PERIPHERAL BLOOD OF NORMAL CONTROLS A N D  PATENTS WlTH MYELOF~BROS~S 
(PRIOR TO THERAPY) 

Colonies/5 x 1oj nucleated cells Colonies/ml peripheral blood 

Mean 2 SD Range Mean t SD Range 

Normals (N = 20) 4 5 4  0- 10 56 ? 6 0- 140 

Primary myelofibrosis ( N  = 7) 220 2 161 108-585 8217 t 6884 2,160-20,160 

Myelofibrosis following 133 110- 155 5437 3,278-7,595 
polycythemia Vera (N = 2) 

metastatic breast cancer 
(N = 2) 

Myelofibrosis secondary to 96 92 - 99 21 17 1,841 -2,392 
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TABLE 11. CFU-C DETERMINATIONS I N  PATIENTS 1 A N D  2 
~~ 

CFU-C (colonies/5 x lo5 nucleated cells) 

Peripheral Splenic Splenic 
blood artery vein P valuea 

Patient 1 
Prior to splenectomy 130 t 22" 
At splenectomy 3 t l  3 + 1  23 t 4 <0.001 

Days s/p splenectomy 0 

(s/p splenic irradiation) 

Patient 2 
At splenectomy 155 ? 22 162 t 44 292 k 63 <0.05 

5 months s/p splenectomy 96 t_ 36 

Patient with stage IIA 
Hodgkin's disease 

At splenectomy 9 t 3  7 ? 2  6 t 3  N.S. 

Between splenic artery and vein. 
Mean t SD for quadruplicate samples. 

than the number of CFU-C in the splenic 
artery (P < 0.05). In a patient with patho- 
logical stage IIA Hodgkin's disease, CFU-C 
assay revealed similar numbers in periph- 
eral blood (9 t 3), splenic arterial blood 
(7 k 2), and splenic venous blood (6 t 3) 
(Table 11). 

Discussion. It is well established that pa- 
tients with CGL have increased numbers of 
CFU-C in the peripheral blood (1, 2). Cher- 
venick (3) has also demonstrated elevated 
numbers of circulating CFU-C in patients 
with myelofibrosis. Data from our labora- 
tory (Table I) are in agreement and extend 
the observation to patients with myelo- 
fibrosis secondary to metastatic breast 
cancer. 

A decrease in circulating neutrophils has 
often been observed following splenic ir- 
radiation in patients with CGL (9, 10). A 
decrease in circulating CFU-C has been 
demonstrated following splenic irradiation 
in a patient with CGL (10) and in a patient 
with myelofibrosis (6). Through a series of 
blood volume calculations, Koeffler et al. 
(6) have shown that there were not enough 
CFU-C circulating through the spleen at the 
time of irradiation to account for the fall in 
total number of CFU-C in their patient. 
They were unable to demonstrate any 
radiation-induced humoral inhibitors of 

granulopoiesis. In addition, the CFU-C in 
their patient did not manifest increased 
radiosensitivity . They thus concluded that 
the probable mechanism for the radiation- 
induced granulocytopenia was destruction 
of proliferating precursor cells in the 
spleen. 

Bagby ( 5 )  has provided more direct evi- 
dence to support the role of the spleen as a 
source of CFU-C in CGL. CFU-C was as- 
sayed at the time of splenectomy in a pa- 
tient with CGL. Splenic venous blood 
CFU-C was twice that of peripheral venous 
blood. Postsplenectomy the number of cir- 
culating CFU-C fell dramatically. By the 
second week postsplenectomy , the number 
of CFU-C in the peripheral blood returned 
to the high preoperative levels, suggesting 
the presence of another source of CFU-C in 
addition to the spleen. 

In the present study, the findings suggest 
that in myelofibrosis, the spleen is also a 
significant source of CFU-C. In both pa- 
tients studied, the concentration of CFU-C 
was significantly greater in splenic venous 
blood than in splenic arterial blood. In con- 
t ras t ,  in a control patient undergoing 
splenectomy as  a staging procedure for 
Hodgkin' s disease, similar concentrations 
of CFU-C were found in the splenic vein 
and artery. These results confirm the con- 
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clusions of Koeffler et al.  (6) and extend the 
finding of Bagby (5) t o  patients with 
myelofibrosis. 

There appear to be various sources of 
CFU-C in patients with myelofibrosis, with 
the spleen, bone marrow, and liver con- 
tributing variably in any one patient to cir- 
culating CFU-C and to subsequent granulo- 
cyte production. In patients in whom the 
bone marrow and liver may contribute sig- 
nificantly to CFU-C production, as in Pa- 
tient 2, high levels of CFU-C would con- 
tinue after splenic irradiation or splenec- 
tomy. In those in whom the spleen may be 
virtually the sole source of CFU-C, such as 
Patient 1, splenic irradiation and/or sple- 
nectomy may result in profound granulo- 
cytopenia (6, 10). Thus, a more complete 
understanding of CFU-C production in 
myelofibrosis would be helpful in planning 
more rational treatment regimens. 
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