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Abstract. Human pluripotent hemopoietic ’progenitors (CFU-GEMM) can be identified 
by their ability to form colonies in culture that contain granulocytes, erythroblasts, mac- 
rophages, and megakaryocytes. Forty-six individual mixed colonies from four individuals 
were prepared by cytocentrifugation and examined for cells positive for human T-cell mark- 
ers using the monoclonal antibodies E 2-22 and OKT 3 and fluorescently labeled goat 
F(ab’)2 anti-mouse IgG antibody. Sixteen primary mixed colonies were found to be positive 
for the monoclonal antibodies E 2-22 and OKT 3. Seventy-nine primary mixed colonies 
derived from these four individuals were aspirated, dispersed, and then recloned. Twenty- 
three primary mixed colonies formed 97 secondary hemopoietic colonies. All cells in 50 
recloned hemopoietic colonies were positive for the antibodies directed against T cells. 

A culture assay for human pluripotent 
hematopoie tic progenitors (CFU-GE MM) 
was described (1). These primitive precur- 
sors form mixed hemopoietic colonies 
containing neutrophilic and eosinophilic 
granulocytes , eryt hroblas ts , macro phages, 
and megakaryocytes (2). The addition of a 
medium conditioned by leucocytes in the 
presence of phytohemagglutinin (PHA- 
LCM) and erythropoietin (EPO) is required 
for such colony formation. 

In this study we provide experimental 
evidence that some mixed colonies may 
contain other lineages, i.e., cells positive 
for antigens usually associated with T lym- 
phocytes. Recloning experiments indicated 
that some primary mixed colonies formed 
secondary hemopoietic colonies that are 
again reactive with monoclonal antibodies 
directed against T cells. 

Material and Methods. Bone marrow 
samples. Bone marrow from four individu- 
als was collected (after informed consent) 
in syringes containing preservative-free 
heparin. These individuals were assessed as 
putative bone marrow transplant donors. 

Preparation for le uco c y te c o n dit io n e d 
medium. A conditioned medium was pre- 
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pared from peripheral leucocytes of normal 
individuals as previously described (3). To 
summarize this process lo6 leucocytes were 
incubated with 1% human serum albumin 
(HSA) (v/v, Sigma), IMDM, (Iscove’s mod- 
ified Dulbecco’s medium, Gibco Labora- 
tories, Grand Island, N.Y.) and 1% PHA 
(Burroughs Wellcome, Research Triangle 
Park, N.C.). This material, PHA-LCM, 
was harvested after 4 days of incubation at 
37” in a humidified atmosphere with 5% COP. 

Preparation of cell suspensions. Mono- 
nuclear cells of density less than 1.077 g/ml 
were obtained after centrifugation in 
Ficoll- Paque (Pharmacia Fine Chemicals). 
Antibody-coated plastic dishes were pre- 
pared by allowing purified monoclonal 
antibodies to bind to the plastic surface. 
These dishes were washed twice, 2 X lo6 
mononucleated cells were added to the 
coated dishes and incubated for 1 hr. The 
final concentration of the antibody E 2-D3 
(4) (cellular distribution 100% of peripheral 
T lymphocytes, IgG 2a) was 1:2000. This 
antibody was used for three experiments. 

3The E 2-22 monoclonal antibody was obtained 
from Cedarlane Laboratories, Milton, Ontario, 
Canada, and donated by Dr. Richard L. Krogsrud. The 
specificity of the antibody is for E-positive cell and 
B-cell CLL. This specificity is similar if not identical, 
to that described by Royston et a f .  (4). 
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In one panning experiment OKT 3 (5) was 
used. After 1 hr of incubation the dishes 
were gently shaken and the supernatant 
containing nonadherent and T-cell-depleted 
cells was plated as outlined. The superna- 
tants were analyzed for their ability to form 
E-rosettes (6). No detectable E-rosette 
formation could be observed. The same su- 
pernatants were analyzed for T cells by 
immunofluorescence using the OKT 3 
antibody. The examined aliquots contained 
less than 3-4% cells which stained positive 
for OKT 3. The remaining petri dishes were 
air dried and cells adhering to the plastic 
surface were examined for their content of 
T cells by immunofluorescence using 
FITC-labeled goat F(ab'), anti-mouse IgG 
antibody (Cappel, Cochranville, Pa.). 

Approximately 60- 70% of cells adhering 
to the plastic surface stained for the OKT 3 
or E 2-22 antibodies. These cells appeared 
to be lymphocytes in stained smears. 

Culture conditions. Three-tenths millili- 
ter of nonadherent (7) and T-cell-depleted 
supernatant was mixed with 30% fetal calf 
serum (FCS), 5% PHA-LCM, IMDM, and 
methylcellulose as viscous support to yield 
a fmal concentration of 0.9% (w/v). In order 
to obtain an adequate number of mixed 
hemopoietic colonies, 10- 12 petri dishes 
(35 mm, Lux) were routinely plated. The 
cultures were incubated at 37" in humidified 
atmosphere at 5% CO,. Four days later 1.0 
unit of erythropoietin (Connaught, Step 111) 
was added to the culture dish. After an ad- 
ditional 8-10 days of incubation the cul- 
tures were examined under an inverted mi- 
croscope. Erythroid bursts (BFU-E) (8), 
granulocytic colonies (CFU-C) (9), and 
mixed hemopoietic colonies (CFU-GEMM) 
(2) were identified by their characteristic 
morphological appearance. The latter type 
of colonies contained cells with the red 
color typical of hemoglobin admixed with 
colorless and translucent cells of various 
sizes. The different types of colonies were 
removed from the cultures for further 
analysis by means of micropipet. 

Recloning of hemopoietic colonies. Indi- 
vidual erythroid bursts (BFU-E), granu- 
locytic colonies (CFU-C), and mixed hemo- 
poietic colonies (CFU-GEMM) derived 

from these individuals were aspirated, dis- 
persed, and placed in Linbro microtiter 
wells (10). Secondary plates contained 
2.5% PHA-LCM and 0.5% PHA (Bur- 
roughs Wellcome). Erythropoietin was not 
added to the cultures. The microtiter plates 
were incubated at 37" humidified atmo- 
sphere with 5% CO,. The Linbro plates 
were examined for secondary hemopoietic 
colonies 8 days later. They were counted 
and individual colonies were aspirated (10). 

Immunofluorescence staining of primary 
and secondary hemopoietic colonies. Indi- 
vidual primary hemopoietic colonies were 
removed from the cultures on Day 12. Sec- 
ondary colonies were aspirated 6-8 days 
after replating. 

For immunofluorescence the specimens 
were incubated with 10 p l  of the mono- 
clonal antibody E 2-22 or OKT 3 (Ortho 
Pharmaceutical Company, Raritan N.Y .) 
for 1 hr and washed twice. Then they were 
exposed for  1 hr  to  15 p l  of FITC- 
conjugated goat F(ab'), anti-mouse IgG 
antibody (4). Cells derived from these col- 
onies were placed on glass slides and evalu- 
ated under a fluorescence microscope with 
a specific filter combination for FITC- 
labeled specimens. Twenty-five individual 
colonies were found to be negative when 
stained with anti-mouse IgG alone. 

Characterization of the m o no c lon a 1 
antibody. Erythroid bursts (BFU-E) and 
granulocytic colonies (CFU-C) were plucked 
by micropipette on Day 14 and were sub- 
jected to immunofluorescence staining. 

T-cell colonies were grown from per- 
ipheral blood of five volunteers (11, 12). 
Colony growth was stimulated by the addi- 
tion of 0.5% PHA (Wellcome HA 15) with 5 
x lov5 M mercaptoethanol. They were har- 
vested on Day 7 at random from the cul- 
tures and examined for their ability to form 
E-rosettes (5). 

Furthermore, individual colonies were 
assessed using the monoclonal antibody E 
2-22. In addition, in one experiment a ran- 
dom sample of 40 individual colonies was 
subdivided in two groups. Twenty colonies 
were assessed using the OKT 3 antibody 
(4). The second group was analyzed using 
the E 2-22 antibody. In each group all cells 
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of these individual colonies stained positive 
for OKT 3 or E 2-22 antibody. These cells 
appeared to be lymphocytes in stained 
smears. 

Results. Analysis of primary mixed col- 
o n ie s by im m u n ojlu o res ce n c e . Fo r t y - six 
hemopoietic mixed colonies (CFU-GEMM) 
were examined for the coexistence of 
lymphopoietic lineages (Table I). Thirteen 
mixed hemopoietic colonies were found to 
be positive for antibody E 2-22. Three 
mixed hemopoietic colonies grown from the 
individual M.P. were positive for the OKT 
3 antibody (Table I). The number of posi- 
tive cells varied and ranged between 8 and 
42 in each clone. In contrast to CFU- 
GEMM, cells derived from individual 
BFU-E and CFU-C colonies did not react 
with E 2-22 or OKT 3. 

Recloning of primary mixed colonies. 
Se ve n t y - nine individual mixe d c o lo nie s 
with the described typical appearance were 
plucked and recloned in Linbro wells (10). 
Twenty-three primary mixed colonies 
formed two different types of colonies. The 
first type was compatible with CFU-C. The 
second type was a very compact colony 
consisting of approximately 250- 300 cells. 
The density of the colonies was higher in 
the peripheral areas of the wells, a typical 
feature for T-cell colonies. The number of 
secondary colonies per well varied greatly. 

Exam ina tion of re clon ed he mopoie t ic 
colonies derived from primary mixed col- 
onies by immunofluorescence using OKT 3 
and E 2-22. We examined 97 secondary 
colonies for their expression of T-cell 
antigens by immunofluorescence using E 

2-22 and OKT 3 (Table 11). Fifty analyzed 
secondary clones reacted with the E 2-22 or 
OKT 3 antibody. In contrast to the primary 
mixed colonies, basically all cells were 
positive in the 50 secondary colonies. Cells 
derived from primary and secondary col- 
onies which stained positive for the 
antibodies were lymphocytes in stained 
smears. In 140 examined BFU-E and 
CFU-C colonies no immunofluorescence 
staining could be observed. BFU-E and 
CFU-C colonies did not form secondary 
clones after replating. 

Discussion. Culture assays for pluripo- 
tent murine and human progenitors that 
promote the growth of mixed colonies 
containing different he mop0 ie t ic line age s 
have been described (13- 17). Recloning 
experiments of mixed hemopoietic colonies 
indicated that some primary mixed colonies 
formed secondary colonies, thus fulfilling 
criteria of stem cells (18). When primary 
mixed colonies were replated in the pres- 
ence of 5% PHA-LCM and 1 unit of EPO 
approximately 25- 30% of these colonies 
formed secondary CFU-C, BFU-E, and 
mixed colonies (19). 

In our present study single cell suspen- 
sions of primary mixed colonies were ex- 
posed to 2.5% PHA-LCM and 0.5% PHA. 
There was no exogenous erythropoietin 
added. After 6-8 days of culture we found 
secondary colonies positive for monoclonal 
T-cell antibodies by immunofluorescence. 
This observation suggests that those re- 
cloned colonies are lymphoid cells. It was 
found that approximately 50% of the re- 
cloned colonies did not react with the 

TABLE I. IDENTIFICATION OF COLONIES POSITIVE FOR THE 
MONOCLONAL ANTIBODY BY IMMUNOFLUORESCENCE 

NO. of CFU-GEMM 
NO. O f  BFU-E NO. of CFU-C 

Positive 
Patient Analyzed Positive Analyzed Positive Analyzed 

E2-22 OKT 3 

E.D. 50 0 50 0 12 4 n.d. 
F.S. 35 0 40 0 14 6 n.d. 
G.B. 55 0 50 0 1 1  3 n.d. 
M.P. 31 0 69 0 9 n.d. 3 

~ 

Note. Number of positive cells per colony ranged from 27 to 75 cells (46.9 k 13.9, mean k SD). 
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TABLE 11. IMMUNOFLUORESCENCE ANALYSIS OF SECONDARY HEMOPOIETIC COLONIES 
AFTER REPLATING O F  REDISPERSED MIXED HEMOPOIETIC COLONIES (CFU-GEMM) 

No. of secondary 
colonies positive for 

Patient Replated Secondary colonies colonies E2-22 OKT3 

E.D. 19 7 28 17 n.d. 
F. S. 21 5 19 11 n.d. 
G.B. 23 6 33 14 n.d. 
M.P. 16 5 17 n.d. 8 

NO. of CFU-GEMM 
Total No. of secondary 

Note. Number of positive cells per colony ranged from 90 to 300 cells (234 ? 47, mean * SD). 

antibodies. These clones were found to be 
granulocytic colonies according to mor- 
phological criteria. 

It is very unlikely that cells positive for 
the monoclonal T-cell antibodies within 
primary mixed hemopoietic colonies are a 
contaminant of T cells because of unselec- 
tive and incomplete depletion procedure. 
The supernatants containing nonad heren t 
and T-cell-depleted cells which were 
analyzed for their ability to form E-rosettes 
revealed no detectable E-rosette formation. 
In addition, the examined supernatants 
contained less than 3-4% cells that stained 
positive for OKT 3 antibody. In contrast to 
primary mixed colonies, BFU-E and 
CFU-C colonies were negative by immu- 
nofluorescence using the same antibodies. 

When single cell suspensions derived 
from BFU-E and CFU-C colonies were re- 
plated no secondary colony formation 
could be observed in each individual ex- 
periment. Only single cell suspensions of 
primary mixed hemopoietic colonies formed 
secondary colonies. Secondary hemopoi- 
etic colonies derived from CFU-GEMM 
revealed two types of colonies. The first 
type of clones did not stain by immuno- 
fluorescence. These were compatible with 
CFU-C. The second type of colonies stained 
positive for OKT 3 or E 2-22. These cells, 
however, were lymphocytes. Secondary 
T-cell colonies derived from multilineage 
hemopoietic progenitors suggest that the 
renewed clones are part of the differenti- 
ation program of CFU-GEMM (1 ,  2, 10, 
19, 20), as T cells or T-cell colonies do 
not renew. Further evidence for the exis- 
tence of a common stem cell for myeloid 

and lymphoid cells is provided by two ob- 
servations. Fialkow et al. (21) studied pa- 
tients with chronic myelocytic leukemia 
who were heterozygous at the X-linked 
glucose-6-phosphate dehydrogenase locus 
to determine if lymphocytes had the same 
stem cell origin as the leukemic myeloid 
cells. They found a population of lympho- 
cytes which has a single enzyme phenotype 
and T-cell characteristics, suggesting that T 
lymphocytes may arise from CML stem 
cells (22). Abramson et al. (23) used the 
technique of Wu et al. (24) to generate stem 
cells bearing unique, radiation-induced 
chromosome aberrations. By the use of 
these markers it was possible to identify 
cells as members of the same clone in the 
recipient animal. Their data provided 
cytogenetic evidence for the existence of a 
pluripotent stem cell capable of differ- 
entiating into myeloid and lymphoid prog- 
eny including both B and T lymphocytes in 
the mouse. 

The authors wish to thank Mrs. M. Braun for excel- 
lent technical help. 

1. Fauser AA, Messner HA. Granulo-erythropoietic 
colonies in human bone marrow, peripheral 
blood, and cord blood. Blood 52:1243- 1247, 
1978. 

2. Fauser AA, Messner HA. Identification of 
megakaryocytes, macrophages, and eosinophils in 
colonies of human bone marrow containing neu- 
trophilic granulocytes and erythroblasts. Blood 

3. Aye MT, Niho Y, Till JE, McCulloch EA. Studies 
of leukemic cell populations in culture. Blood 
44:205, 1974. 

4. Royston I, Majda JA, Baird SM, Meserve BL, 

53~1023- 1027, 1979. 



224 T CELLS DERIVED FROM HUMAN STEM CELLS 

Griftiths JC. Human T-cell antigens defined by 
monoclonal antibodies: The 65,000-dalton antigen 
of T-cells (T65) is  also found on chronic 
lymphocytic leukemia cells bearing surface im- 
munoglobulin. J Immunol 129725-31, 1980. 

5 .  Kung PC, Goldstein G, Reinherz EL, Schlossman 
SF. Monoclonal antibodies defining distinctive 
human T-cell surface antigens. Science 206:347- 
349, 1979. 

6. Wybran J, Levin AS, Spitzer LE, Fudenberg HH. 
Rosette forming cells, immunologic deficiency 
diseases and transfer factor. N Engl J Med 
188710, 1973. 

7. Messner HA, Till JE, McCulloch EA. Interacting 
cell populations affecting granulopoietic colony 
formation by normal and leukemic human marrow 
cells. Blood 42:710, 1973. 

8. Iscove NN, Sieber F, Winterhalter K. Erythroid 
colony formation in cultures of mouse and human 
marrow: Analysis of requirement for erythro- 
poietin by gel filtration and affinity chromatog- 
raphy on agarose concanavalin. Amer J Cell 
Physiol83:309, 1974. 

9. Senn JS, McCulloch EA, Till JE. Comparison of 
colony forming ability of normal and leukemic 
human marrow in cell culture. Lancet 2597, 1967. 

10. Messner HA, Fauser AA. Human pluripotent 
hemopoietic progenitors (CFU-GEMM) in cul- 
ture. In: NIH Conference on Aplastic Anemia, 
San Francisco, 1979. 

11. Claesson MH, Rodger MB, Johnson GR, Whitting- 
ham S, Metcalf D. Colony formation by human 
T-lymphocytes in agar medium. Clin Exp Im- 
munol28:526, 1977. 

12. Fibach E, Gerassi E,  Sachs L. Induction of colony 
formation in vitro by human lymphocytes. Nature 
(London) 259:127, 1976. 

13. Johnson GR, Metcalf D. Pure and mixed erythroid 
colony formation in vitro stimulated by spleen 
conditioned medium with no detectable erythro- 
poietin. Proc Nat Acad Sci USA 743879-3882, 
1977. 

14. Metcalf D, Johnson GR, Mandel TE. Colony for- 
mation in agar by multipotential hemopoietic 
cells. J Cell Physio198:4O1-420, 1979. 

15. McLeod DL, Shreeve MM, Axelrad AA. Induc- 
tion of megakaryocytic colonies with platelet for- 
mation in vitro. Nature (London) 261:492-494, 
1976. 

16. Hara J, Ogawa M. Murine hemopoietic colonies in 
culture containing normoblasts, macrophages and 
megakaryocytes. Amer J Hematol423-34, 1978. 

17. Vainchenker W, Guichard J, Breton-Gonus J. 
Growth of human megakaryocyte colonies in 
cultures from fetal, neonatal and adult peripheral 
blood cells. Ultrastructural analysis. Blood Cells 

18. McCulloch EA, Till JE. Stem cells in normal early 
hemopoesis and certain clonal hemopathies. In: 
Hoffbrant AV, Brain M, Hersh J, eds. Recent 
Advances in Hematology 2. London, Chur- 
chill-Livingston, pp85- 110, 1977. 

19. Messner HA, Fauser AA. Culture studies of 
human pluripotent hemopoietic progenitors. Blut 

20. Fauser AA, Messner HA. Proliferative state of 
human pluripotent hemopoietic progenitors 
(CFU-GEMM) in normal individuals and under 
regenerative bone marrow conditions after bone 
marrow transplantation. Blood 5 4 1  197, 1979. 

21. Fialkow PJ, Jacobson RI, Papayannopoulou T. 
Chronic myelocytic leukemia: Clonal origin in a 
stem cell common to the granulocyte, erythro- 
cyte, platelet and monocyte/macrophage. Amer J 
Med 63:125- 130, 1977. 

22. Fialkow PJ, Denman AM, Jacobson RJ, Lowen- 
thal MN. Chronic myelocytic leukemia. Origin of 
some lymphocytes from leukemic stem cells. J 
Clin Invest 62:815-823, 1978. 

23. Abramson S, Miller RG, Phillips RA. The identifi- 
cation in adult bone marrow of pluripotent and 
restricted stem cells of the myeloid and lymphoid 
systems. J Exp Med 1451567-1579, 1977. 

24. Wu AM, Till JE, Siminovitch L, McCulloch EA. 
A cytological study of the capacity for differen- 
tiation of normal hemopoietic colony-forming 
cells. J Cell Physiol69177, 1967. 

5~25-42, 1979. 

41~327-333, 1980. 

Received September 2,1981. P.S.E.B.M. 1982, Vol. 170. 




