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INVIVO ADMINISTRATION OF RECOMBINANT GRANULOCYTE-MACROPHAGE
COLONY-STIMULATING FACTOR RESULTS IN A REVERSIBLE INHIBITION OF
PRIMARY B LYMPHOPOIESIS1
KENNETHDORSHKIND2
From the Divisionof Biomedical Sciences, University ofcalijornia, Riuerside,CA 92521 -0121

The CSF are a family of glycoproteins that canregulate
the proliferation and/or differentiation of myeloid progenitor cells (1, 2). One of the CSF, GM-CSF3, has been
shown to stimulate the production of granulocytes and
macrophages in culture and has additional direct and
indirecteffectsonthegrowth
of eosinophil,megakaryocyte and erythroid progenitors ( 3 ) .These in vitro
results accurately reflect events that occur following in
vivo administration of GM-CSF3 (4). In mice, GM-CSF
treatment results in an increase in numbers
of granulocytesandmacrophagesintheperitonealcavityand
spleen. In addition, levels of myeloid progenitors are elevated in the latter tissue(5, 6).
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gests that GM-CSF can affect thelymphopoietic support
capability of the marrow environment.
MATERIALSAND

METHODS

Mice. Male or female BALB/cAn mice were bred and maintained
in the vivariumof the Division of Biomedical Sciences, University of
California (UCR). Riverside, CA and were used at 6 to 8 wk of age.
SCID mice (14) werealso bred a t UCR under laminarflow conditions.
Animals were housed in sterile cages, containing sterile bedding,
food, and water at all times. All procedures using SCID mice were
performed in a laminar flow hood. SCID mice were usedat 6 to 8 wk
of age.
Preparation of cell suspensions. Mice were killed by cervical
dislocation and spleens and femurs removed and placed in a-MEM
(GIBCO, Grand Island,NY) containing 5%FCS (HyClone,Logan, UT).
Single cell suspensions of bone marrow were obtained by flushing
the plug from bones with 3 rnl of medium. Spleen cell suspensions
werepreparedbygentlyteasingthetissueapartwith18-gauge
needles. Cell viability was determined by eosin dye exclusion and all
cell counts were performed ina hemacytometer.
GM-CSF injection schedule. Murine rGM-CSF waspurchased
from Amgen, Thousand Oaks,
CA. The Escherichia coli preparation
was partially purifiedby the supplierby sequential chromatography
and had a sp. act.of lo6 U/mg. The rGM-CSF was diluted in PBS to
produce a 2 pg/ml working solution. Mice received a n i.p. injection
three times a day. Control animals received a n injection of saline or
PBS three times a day. Each injection was administered in a total
volume of 0.2 ml.
Cell depletions. Cell slg' cells were depleted from
cell suspensions
on antibody coated polystyrene petri dishes [Falcon
1001. Falcon
Labware, Oxnard. CA) as described previously (15).For depletion of
sIg' cells, petri dishes were incubated with50 pg of affinity-purified
goat anti-mouseIg (Southern Biotechnology, Birmingham, AL) in 0.5
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To determine if in vivo administration of granuAlthough the myeloid stimulatory effectsof GM-CSF in
locyte-macrophageCSF (GM-CSF)
affects production vivo are well documented, a fundamentalissue
is
of B lymphocytes in the bone marrow, mice were
whether thehigh rate of cell production of all hemopoietic
treated with the cytokine and the kinetics of
B cell populations proceeds normally when stimulatory signals
productionwasanalyzed.After
1 wk ofGM-CSF
for one or a few lineages are elevated. This question is
treatment, the numberof B cell progenitors that particularly relevant to marrow
lymphopoiesis. The bone
express theB220 Ag had fallen fivefold and surface marrow is the site of primary B cell differentiation in
IgM expressing B cells were barely detectable. Aladult mammals, and cells at various stages of developthough cellularity in the spleen had increased two-ment in that lineage can beidentifiedbased
on their
fold, due in part to an increase in the number of
expression of Ig and other non-Ig phenotypic determigranulocyte-macrophage progenitor
cells, splenic B
GM-CSF was added
cell levels were not affected by the GM-CSF treat- nants (7-9).Previous results in which
to
long
term
bone
marrow
cultures
indicated
that the
ment. Although numbers
of marrowB cells and their
immediateprogenitorsdeclineddue
to cytokine cytokine could interfere with normal B cell production
predict what would
treatment, cells capable of rapidly restoring B lym- [lo),but whether these in vitro results
phopoiesis were present in thattissue. After cessa- occur in vivo has not been tested.
tion of GM-CSFtreatment, B lymphopoiesis resumed Inasmuch as GM-CSF has been used or is under conin the marrow of the mice and reboundedto super- sideration for use ina variety of clinical conditions (11normal levels at 1 wk after the last GM-CSF injec- 13). there are practical reasons, in addition to the basic
tion. This effect may be due to actions ofGM-CSF issues noted above, for examining its effects on B cell
on the B lymphopoietic support capability of the production in vivo. Accordingly, mice were treated with
marrow environment, because the overproduction GM-CSF for a 1-wk period and B cell production was
of B cells was not observed when marrow from the assessed. The results indicate that primary
B cell producGM-CSFdonors was used
to reconstitute sublethally tion in the bone marrow can reversibly
be
inhibited after
irradiated severe combined immunodeficient mice.GM-CSF treatment. In addition, indirect evidence sug-
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Tris (hydroxymethyl) amino-methane buffer, pH 9.5. a t room temperature for 70 min and washed three times with PBS pH 7.2 and
once with PBS containing 5% FCS. Up to 2.5 x lo7 bone marrow
cells were added to the plates for 70 min at 4°C. Nonadherent cells
were then collected and phenotypic analysis was used
to confirm
that slgM expressing cells were depleted.
Immunofluorescence. Cells that express the €3220 Ag were identified with a hybridoma supernatant madeby collecting conditioned
medium from the 14.8 cell line American Type Culture Collection
(ATCC: TIH 164:Rockville.MD).Aliquotsoi2
X 10" cellswere
4
6
8
suspended in 100 pl of the conditioned medium for 30 min. After
I O p g of a
one wash in
MEM a t 4°C.cellswereincubatedwith
fluroeseein-conjugatedgoatanti-rat
lg [SouthernBiotechnology).
After a 30-min incubation. cells were washed twice. fixed in 2%
w
u z
paraformaldehyde in PBS. and stored at 4°C until cell counts were
performed on a Leitz Laborlux microscope equipped for epifluorescence. A fluorescein-conjugated goat-anti mouse IgM (Southern Biotechnology)wasused toidentify slgM expressingcells.Labeling
as detimes, washes. and enumeration
of cellswereperformed
scribed above.
Granulocyte-macrophage
colony
assay.
Granulocyte-macroDAY OF GM.-CSF TREATMENT
phage progenitor cells capableof forming colonies in semisolid medium were assayed by culturing 5 x lo4 or 1 x lo5 cells in 35-mm
Figure 1 . Eifects of GM-CSF on lymphopoiesis in murine bone marplastic petri dishes containing1 ml of methylcellulose medium. This row. The different panels show thetotal cell number per two femurs [ A ) .
the total number of CFU-GM ( B ] .the total number ol 8220 expressing R
contained40%methylcellulose
(0.896 methylcelluloseinIscoves
ModifiedDulbeccosMedium; GIBCO). 30% fetal calf serum, 30% cell progenitors (C). and the total number of surface IgM expressing B
IMDM. 5 x
M 2-ME [SigmaChemicalCo.. St. Louis, MO) a n d 50 cells ( D ) in the bone marrow of mice administered 400 ng of GM-CSF1 . 1
or saline (0)three times a dayfor 1 wk. Each point is based on data from
U/ml of rGM-CSF (Amgen). Colonies were enumerated
on day 11.
two separate experiments in which a total of four mice per time point
of a bone
Reconstitution studies. In some experiments the ability
were
analyzed. The open triangle in each panel represents values ohmarrow cell suspension to reconstitute B lymphocytes inSCID mice
tained from four to six unmanipulated RALB/cAn mice. Error bars indiwas measured.SCID mice received 300 rad of irradiation from an xcate SE.
ray source (Pantak Ltd., Berkshire. England) at a rate
of 110 rad/
(16). lmmediatelythereaftermice
mintofacilitatereconstitution
were administered ani.v. injection of hone marrow cells in 0.2
ml of
Figure 2 shows the effect of GM-CSF treatment on the
PBS. At various times post reconstitution. mice were killed and total
spleen
of the animals described above. Consistent with
numbers of B220 and sIgM-expressing splenocytes and hone marrow
previously reported findings (5, 6) was the observation
cells were determined.

that thetotal numberof spleen cells increased after1 wk
of GM-CSF treatment. A s shown in Figure 2A. after 7
days of treatmentspleencellularityinthe
GM-CSFEffects of GM-CSF on B lymphopoiesis. Basic and treated mice was twice that in the saline control animals.
clinical studies of GM-CSF administration in mice and Granulocyte-macrophageprogenitor cell numbershad
humans have used doses ranging up to 1200 ng/day (6, also increased in the spleen
of the GM-CSF mice (Fig.
17). Inasmuch as the aim of this study was to examine 2B). However, the absolute numberof sIgM expressing B
the effectsof elevated GM-CSF levels on B cell production
cells was comparable at all time points between the sain vivo, the high end dose was used throughout these
line- and GM-CSF-treated animals (Fig. 2C).
experiments based on the rationale that any potential
Recovery of €3 lymphopoiesis after GM-CSF treateffects would be most demonstrable at such concentrament. To determine how rapidly B lymphopoieis returns
tions.
to normal after termination of GM-CSF administration,
Figure 1 shows the results of experiments in which
mice were administered 400 ng of factor three times a
mice received 1200 ng/day of GM-CSF, administered as
of B220' B cell
three injectionsof 400 ng each, on marrow lymphopoiesisdayfor 1 wk.Theabsolutenumber
progenitors
and
surface
IgM-expressing
B cells was then
and myelopoiesis at several time points during the
week
examined
at
various
times
over
the
week
after cessation
of treatment. Total marrow cellularity was not appreciaof
treatment.
A
s
shown
in
Figure
3
.
the
effects of GMbly differentbetweenthe
GM-CSF andsaline-treated
mice (Fig. 1A). The total number of granulocyte-macro- CSF were still demonstrablea t 1 day after terminationof
phage progenitors exhibited a twofold increase by day 2 GM-CSF treatment, but arapid recovery of B lineage cells
after initiation of cytokine treatment but had
declined by occurred thereafter. A consistently observed phenomenon was that numbers of B lineage cells increased to
day 7 to levels present in saline-treated mice (Fig. 1B).
More dramatic differences were observed between the levels upto 50% over thoseinsaline-treatedcontrol
two groups of mice upon examination of B lineage cells. animals by 1 wk after termination of GM-CSF treatment.
of B220 and
On day 4 after GM-CSF treatment, numbers of B cell In fact, even when the absolute number
progenitors that expressed the B220 Ag had declined by slgM-expressing cells in the day 7 post-GM-CSF-treated
BALB/c
50% a s compared to age- and sex-matched control mice mice was compared to that in unmanipulated
50%
higher
(data
not
animals.
the
levels
were
still
up
to
that received saline injections (Fig. 1C). Progenitor cell
numbers continued tofall and were six timeslower than shown).
Lack of elevated recovery of B cells after transplanin the control mice at the endof the week of treatment.
A similar decline in the total number
of sIgM' B cells was tation. To determine if the elevated recovery of B lymphocytes in GM-CSF-treated mice was dependent on the
also observed, and by day 8 they were rarely detected
(Fig. 1D). A lessmarkeddeclineinthenumber
of B environment in the cytokine-treated animals, bone marmice after l wk of
lineage cells in the saline treated
mice was also observed row cells were harvested from the
and was most likely due to injection induced stress ef- factor treatment and3 X 1O6 cells were transplanted into
fects.
SCID mouse recipients. In view of the above results demRESULTS
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Figure 2. Effects of GM-CSF on the spleen. The different panels
show
t h e total cell number [A). the total numberof CFU-GM ( E ) .and the total
number of surface IgM expressing B cellsinthespleen
of the mice
described in the legendto Figure I ,

onstrating a marked elevation of B lineage cells a t 1 wk
after termination of GM-CSF treatment, B cell reconstitution in SCID mouse recipients was examined a t 1 wk
postreconstitution. It is clear that there were no significant differences in thelevel of B cell reconstitution mediated by cells from GM-CSF- or saline-treated donors.
Only minimal levels
of B cell reconstitution were observed
in the bone marrow and spleenof the SCID mice (Table
I), a finding consistent with previous reconstitution studies that showed low levels of B cell repopulation a t 1 wk
postreconstitution (18).
Bone marrow from GM-CSF-treated mice can repoap
pulate B cells. To determine if longer periods of reconstitution would reveal differences in theB cell repopulating ability of marrow cells from the two donor sources.
additional groupsof immunodeficient recipients were examined a t 2 and 4 wk posttransplantation. A s shown in
Table 11, B220- and sIgM-expressingcellswereeasily
detectable in the marrow and spleen
of the SCID mice a t
these time points.In experiment 2, any remainingsIgM'
cells were removed fromthe donor marrow before transplantation to assure that reconstitution was mediated
by
lymphoid precursors and not expansion
of mature B cells.
Figure3.
DISCUSSION

The simultaneous production of multiple cell lineages
in the bone marrow is presumably the resultof a highly
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Recovery of B lymphopoiesis in the bone marrow
of mice
following one week of GM-CSF treatment. Total number of B220 and
surface IgM expressing bone marrow cells in GM-CSF-treated mice
as
compared to levels in saline-treatedcontrol animals. Each polnt is based
on data pooled from three separate experiments in which a total of six
mice per time point were analyzed. Errorb a r s indicate SE.
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regulatedprocessinwhichsignalsthatcontrolthe
growth and development of hemopoietic cells are in balance. The data in this report indicate that this balanced
cell production can be altered when myelopoietic stimulatorysignalsareincreasedaboveconstitutive
levels.
Thus, after administration
of rGM-CSF to mice,a marked
marrow lymphopenia results due ato
decline in the number of B cell progenitors and newlyproduced B cells.
These observations are consistent with another in vivo
study by Metcalf et al. (6) in which a fivefold decline in
morphologically defined marrow lymphocytes occurred
after a GM-CSF administration schedule similar to that
used in this report. These data further corroborate findings observed in vitro using the
Dexter to Whitlock-Witte
switch system(19).After transfer of Dexter-type myeloid
long term bone marrow cultures to the conditions
described by Whitlock and Witte, myelopoiesis ceases and
B lymphopoiesis initiates. The first phenotypically identifiable B lineage cells that appear after the change in
culture conditions express the B220 Ag. Subsequently.
sIgM-expressing B lymphocytes can be detected. However, if GM-CSF is included in the culture medium,myelopoiesis is sustained andlymphopoiesis does not initiate,
even under the lymphoid conditions (10).Another similarity between thein vivo and in vitro results is that the
inhibition of B lymphopoiesis by GM-CSF is reversible.
After its removal from the long term cultures or at the
termination of its in vivo administration. B lymphopoiesis
initiated.
Bone marrow cells from CM-CSF-treated donors could
repopulate B cells in SCID mice by 2 wk postreconstitution. Inasmuch as committed B cell progenitors are believed to be responsible for B lymphocyte production a t
these relatively early times postreconstitution (20). this
result suggests that cytokine treatment
did not eliminate
all B lineage cells from the marrow. However, the data
indicate that their number is decreased due to the GMCSF treatment, and this finding is consistent with the
observation that the average total number of B lineage
cells in recipients of marrow from CM-CSF-treated do-
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TABLE I
Numbers o j B lineage cells in SClU mice af I ulk postreconstitution (reconstitution parumeter-si n SClIl rntcc,")
Trcatmcntb

CSF
Saline

T~ssur

HM
HM

Crll

NO.

x 106

Prrrent R 2 2 0

8.4
3.7 -t 0.8
3.2 k 0.7

'r~mln220 x

0.31 t 2.2
11.5t4.1

lo6

f 0.1
0.42 f 0.13

Prrrenl

IgM

0
0

Tolirl IgM

X

10"

0
0

1 .0 t 0.7 0.02
f 0.02
2.5 -t 1.3
Spl
3.3 2 1. I
0. I 2 f 0.07
4.6 & 2.5
SPl
Marrow from mire treatedw l t h GM-CSFor saline lor7 days was transplanted intotwo SClD mouse reclpients per donor. ThrecGM-CSE' and three
saline treated donors were used. Recipient mire were processed1 wk later. All animals were treated individually and data from the six recipient mire
per donorgroup pooled and expressedas mean t SD.
"Treatment of RALBlcAn donors whose marrow was usedLo reconstitute SClD mice.

CSF
Saline

TABLE I1
Hepopulation
Weekb

CII B lymphocytcs

TrratmeritC

Tissue

CSF
Saline
CSF
Saline

HM e

i n SCID mice ireconstitution parameters in SClU mice")

Crll No. x I O b

Pcrcrnt R220

Total
HZ20 x 106

I'rrrcnt IgM

Total

IgM

X I
O6

Exp. l d

4

Expt. 2
2

4

CSF
Saline

BM
SPl
SPl
BM
BM

CSF
Saltne

SPl

CSF
Sal~ne
CSF
Saline
CSF
Saline
CSF
Saline

2.7
21k
. 61
i .3
3.2 k 0.42
10.3 k 5.2
17.8 k 6.9
4.8 % 1 . 1
4.2 f 0.3
29.0
1 1 1.6 f 12.6
73.8 f 6.3

W

BM
RM
SPl

2.3

SPl

nM
BM
S P'
SPI

3.3 f 0.3
3 . 6 %1.1
49.2 f 12
46.2 f 6.1
10.8 f 0.8
8.7 i 1.6
214 f 63'
97 f 9

5.7
33.7 f 7.0

18.8 f 10.4
% 10.4

0.54 f 0.25
1 . 1 f 0.30

0.9 f 0.4
1.3 f 0.5

11.2 f 0.7
10.1 f 0.4

0.37 f 0.1
0.36 f 0.12

15.9 f 6.2
31.2 f 2.7
5.3
23" 1.6
45.1 f 0.3

3.7
1.7 f 0.4
f 0.9
49.6 C 18
43.1 f 4

5.3 i 2.2
9.6 rt 0.30
3.8
34.5 & 1.7
35.2 C 1.0
8.9 rt 3.8
10.9 f 5.5
32.0 f 7.8
3 1 .0 f 5.9

0 . 1 2 ? 0.05
2 0.12
3.5 rt 1.7
6.1 k 2.6
0.87 2 0 . 4
1.3 2 0.5
36.4 2 12.9
23.2 I 5.8

i 0.4
3.4 f 0.12
1.9
9.9 k 2.5
16.0 -C 4.2
f 2.4
11.6 i 0.4
20.1 It_ 7
34.7
36.1 f 4

0.08 ?L 0.01
2 0.08
4.8 & 1.6
7.5 2 2.6
0.4 2 0.2
1 . 0 2 0.14
42.3 F 2.2
-c I

a Marrow from RALBlcAn mice treated with CSF or saline was transplanted into
SCID mice that were processed on wk2 or 4 postreconstitution. In
experiment I , results represent marrow from three donor mice transplanted into three SCID mice per data point. In experiment 2. results represent
marrow from two donor mice transplanted intotwo SClD mice per data point. All animals were treated individually and datapooled and expressed as
mean k SD.
Week postreconstitution of SClD mice.
'Treatment of BALRlcAn donor animals whose marrow was used
to reconstitute SCID mice.
I n experiment 1 , bone marrow cells harvested from donor mire and used to reconstitute SClD mouse recipients: in experimenl2. slgm expressing
SClD reripients.
cells were deuleted from the donor marrow cell oooulatlon before bein$ transplanted into
Per femur.
.'One of the reconstituted SClD mice had splenomegaly.

..

nors was often lower than in recipients of marrow from the marrow cells wereremoved from the environment in
the GM-CSF-treated animals and transplanted into
SCID
saline-treated mice.
GM-CSF would not be expected to bind directly to
B mice. This observation raises the possibility that condilineage cellsand directly affect their proliferation and/or tions in the GM-CSF-treated animals, but not present in
differentiation. Therefore, indirect effects mediated
by the "normal" SCID mouse recipients. contributed to the
GM-CSF actions on the ability
of the hemopoieticmisupernormal regeneration of B cells.
croenvironment to normally regulate lymphopoiesis may In agreement with previous results, the spleen in the
GM-CSF-treated mice enlarged and the number of myebe a factor in the observed results. This possibility has
beensuggestedpreviously
by Billips et al. (21) and is loid progenitor cells increasedas compared to the salineconsistent witha report indicating that
GM-CSF can bind treatedcontrolanimals
(5, 6). However, theabsolute
to and affect nonhemopoietic accessorycell populations number of sIgM' B cells was not affected. This finding
is
(22). These indirect effects mostlikely affect primary B consistent with a studyin which GM-CSF was used therapeutically in patients with refractory aplastic anemia
cell production, although the possibility that increased
loss or accelerated discharge of B lineage cells from the (17).In that report, GM-CSF actually increased numbers
marrow is also occuring must be considered.
of circulating B lymphocytes in patients.
The rapid and elevated recovery of B lineage cells in
The observations in this report are consistent with a
the marrow of the GM-CSF-treated mice would be con- study by Fulop et al. (24) in which transplantation of a
cordant withan alterationof normal control mechanisms granulocytosis-inducing tumor into mice resulted in an
that regulate B cell production. A consistently observed
inhibition of marrow B cell production. The tumor cell
phenomenon was that. approximately 1 wk after cessa- effects are believed to be mediated
by soluble factors,
tion of GM-CSF treatment, the absolute number
of B220 providing further evidence thatincreases in myeloid
and sIgM-expressing cells inthe bone marrow of the GM- stimulatory signals can severely compromise primary R
CSF-treated mice was elevated a s compared to the saline lymphopoiesis. Conversely, if signals that normally regcontrol animals. A similar effect has been reported for
ulate myelopoiesis are depressed. B cell production can
postirradiation recovery of B lymphopoiesis by Park and be elevated. For example, Engelhardet al. (25)described
Osmond (23).However, this effect was not observed whena patientwith cyclic neutropenia in whom pre-B cell
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9. Osmond, D. G. 1986. Population dynamics of bone marrow B lymnumbers cycled from normal to markedly elevated
levels
phocytes. lmmunol. Reu. 93:103.
during periodsof neutropenia.
10. Dorshkind, K. 1988. IL-l inhibits B cell differentiation in long term
bone marrow cultures. J . Zmrnunol. 141:531.
These data may beof relevance to clinical use of GMJ. E., R. T. Mitsuyasu. M. J. DeLeo. D. Oette, andD. W.
CSF. The cytokine has been used oris being considered 11. Groopman,
Golde. 1987. Effect of recombinant human granulocytemacrophage
for use in
a variety of conditions, and complete
knowledge
colony stimulating factor on myelopoiesis in acquired immunodeficiency syndrome. N . Engl. J . Med. 31 7:593.
of its effects could be important in planning therapeutic
S . , M. Keating, A. LeMaistre. W. Hittelman, K. Mcregimens. The dose used inthese experiments was higher12.Vadhn-Raj,
Credie, J. M. Trujillo, H. E. Broxmeyer, C. Henney, and J. U.
than in many other studies and purposely
was
chosen in
Gutterman. 1987. Effectsof recombinant human granulocyte-macrophage-colony stimulating factor in patients with myelodysplastic
order that inhibitory effects on
B lymphopoieis be marked
syndromes. N . Engl. J . Med. 31 7:1545.
and consistently observed. Even in this case, lympho13. Champlin, R. E., S . D. Nimer. P. Ireland, D.H. Oette. and D.W.
Golde. 1989. Treatment of refractory aplastic anemia with recompoiesis rapidly resumed after cessation of GM-CSF adbinant human granulocyte macrophage-colony stimulating factor.
ministration and B cell numbers in the periphery were
Blood 73:694.
not compromised.However, the observation that primary14. Dorshkind, K., G. M. Keller, R. A. Phillips, R. G. Miller, G. C . Bosma,
M. O’Toole, a n d M. J. Bosma. 1984. Functional statusof cells from
lymphopoiesis is depressed after 1 wk of treatment could
lymphoid and myeloid tissues in mice with severe combined immube of relevance in considering long term use of the cytonodeficiency disease. J . Immunol. 132:1804.
kine.
15. Landreth, K. S . , a n d K. Dorshkind. 1988. Pre-B cell generation by
Downloaded from http://journals.aai.org/jimmunol/article-pdf/146/12/4204/1048983/4204.pdf by guest on 26 November 2022

soluble factors from a bone marrow stromal cell line. J . Zmmunol.
140:845.
16. Fulop, G. M., a n d R. A. Phillips. 1986. Full reconstitution of the
immune deficiency in scid mice with normal stem cells requires
lowdose irradiation of the recipients. J . lmmunol. 136:4438.
17. Faisal, M.,W. Cumberland, R. Champlin, and J. L. Fahey. 1990.
Effect of recombinant human granulocyte-macrophage colony-stimulating factor administration on the lymphocyte subsets
of patients
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