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Receptor Clearance Obscures the Magnitude of Granulocyte-Macrophage
Colony-Stimulating Factor Responses in Mice to Endotoxin or Local Infections

By Donald Metcalf, Nicos A. Nicola, Sandra Mifsud, and Ladina Di Rago

Marrow cells from mice lacking high-affinity receptors for
granulocyte-macrophage colony-stimulating factor (GM-
CSF; B¢/~ mice) were shown to bind and internalize much
less GM-CSF than cells from normal (Bc*/*) mice. Bc~/~ mice
were used to determine the effect of negligible receptor-
mediated clearance on detectible GM-CSF responses to the
intravenous injection of endotoxin or the intraperitoneal
injection of casein plus microorganisms. Unlike the minor
serum GM-CSF responses to endotoxin seen in Bc*/* mice,
serum GM-CSF levels rose 30-fold to 9 ng/mL in Bc~/~ mice
even though loss of GM-CSF in the urine was greater than in

capacity to produce GM-CSF in vitro, as did peritoneal cells
from both types of mice when challenged in vitro by casein.
However, when casein was injected intraperitoneally, B¢/~
mice developed higher and more sustained levels of GM-CSF
than did Bc*/* mice. The data indicated that receptor-
dependent removal of GM-CSF masks the magnitude of
GM-CSF responses to endotoxin and local infections. Be-
cause of this phenomenon, serum GM-CSF concentrations
can be a misleading index of the occurrence or nonoccur-
rence of GM-CSF responses to infections.

© 1999 by The American Society of Hematology.

pBct/* mice. Organs from gc~/~ and Bc*/* mice had a similar

HE GLYCOPROTEIN COLONY-stimulating factors were ness of the mice. The data revealed at/~ mice do respond
first detected because of their proliferative action in vitro to LPS by sharply elevating serum GM-CSF levels and to local
on hematopoietic cells.Subsequent studies have shown thatinfections by clear elevations of local GM-CSF concentrations,
these regulators have a variety of additional actions, includingsuggesting that these responses are largely obscured in normal
stimulation of the functional activity of mature cells in respond- animals because of receptor-mediated clearance by cells that
ing lineages. include the hematopoietic cells responding to GM-CSF.

Serum and tissue concentrations of colony-stimulating fac-
tors are low under basal conditighdut are elevated in
infections or in response to the injection of bacterial lipopolysac- Mice. The generation of C57BL6x129Sv mice lacking high-
charide (LPS%45The presumption is that these responses areiffinity 8-common chain ffc) receptors for GM-CSF has been de-
designed to elicit prompt antimicrobial responses by activatingscribed previousl§.This knockout line is maintained by interbreeding

o . - of mice with homozygous inactivation of the gene encoding the
existing mature cells and, if necessary, to sustain and ampli ) };g_; . e g€ N
-common chain §c mice). Control Bc*’*) mice used were

such responses by stimulating the production of additional Ce”SC57BL6x1298v mice interbred in parallel. All mice were raised and
Gene inactivation studies have indicated that granulocyte,oysed under pathogen-free conditions and were used when aged

colony-stimulating factor (G-CSF) is a major regulator of petween 2 and 3 months.

granulocyte productiof.Despite its stronger proliferative ac-  Binding and internalization studies.?3-labeling of recombinant

tion in vitro, loss of granulocyte-macrophage colony-stimulat- murine GM-CSF (Pepro Tech, Rocky Hill, NJ) was performed as

ing factor (GM-CSF) or its high-affinity receptor has no described previoush Internalization and degradation &f-murine

apparent effect on the numbers of granulocytes, monocytes, 0(f‘sM—CSF byBc~/~ and control bone marrow cells were performed and

. Hg8 . . _ ) analyzed using an acid elution method validated by extensive previous
eosinophils’:® However, mice lacking GM-CSF develop alveo studies and described in full previousf’ Briefly, bone marrow cells

lar prOteihOSis often with secondary lung infectipns, _diseas_e%ere resuspended in RPMI medium containing 10% (vol/vol) fetal calf
that are likely to be based on loss of an essential stimulatingerum (FCS) and 10 mmol/L HEPES buffer pH 7.4 at &5107

action of GM-CSF on macrophage function. Mice with inactiva- cells/mL and equilibrated at 37°C. At time zef339-GM-CSF was
tion of the genes encoding G-CSF and/or GM-CSF die premaadded at 100 ng/mL (5< 10° cpm/mL) with or without unlabeled
turely with a miscellany of infection. GM-CSF at 2 pg/mL. At indicated timepoints 100 pL aliquots
Although serum levels of G-CSF can be high in spontaneous and

experimental infections, serum GM-CSF levels are typically low or
undetectible in these situatiost3 This pattern has led many to From the Division of Cancer and Haematology, The Walter and Eliza
conclude that GM-CSF is likely to be of only minor importance as aHall Institute of Medical Research, Royal Melbourne Hospital, Victo-
mediator of responses to microbial infections. ria, Australia.
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GM-CSF because of inactivation of the gene encoding the o
i hain of the GM-CSE recent - mice} were c_harge pa_yment. This artl(;le must therefore‘ be hereby maMr—_

B-common ¢ a'n 0 ptac( Rt tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
used to reexamine GM-CSF responses to the injection of LP$js fact.
and to a simple model bacterial infection. Changes in G-CSF © 1999 by The American Society of Hematology.
levels were monitored as a control for the general responsive- 0006-4971/99/9305-0018$3.00/0
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were removed (in duplicate), the cells centrifuged through a cushion ofIL-3). The validity of the present assays as specific measurements of
FCS, and resuspended in 1 mL of 3% acetic acid in phosphate-buffere@M-CSF was verified by showing that all FDC-P1 stimulating activity in the
(10 mmol/L, pH 7.4) saline (0.15 mol/L NaCl). The cells were samples tested was able to be inhibited by 1 pg/mL of a rat anti-mouse
centrifuged, and the radioactivity eluted by acetic acid (cell surface) orGM-CSF monoclonal antibody (Genzyme, Cambridge, MA), an antibody
retained within the cell (internal) was measured in a gamma counter. Specificaving no inhibitory action on the stimulation of FDC-P1 cells by IL-3. All
counts were determined in each case by subtracting counts present #erum samples were also assayed in parallel using Ba/F3 cells, a cell line
equivalent incubations in which unlabeled GM-CSF was present. responding only to stimulation by IL-3. No stimulation was observed with
Endotoxin. Endotoxin (lipopolysaccharide, Difco, Detroit, M) was any sample, indicating the absence of detectible IL-3.
dissolved in 0.9% sodium chloride solution, and 5 pg was injected The assay of serum and urine concentrations of G-CSF was
intravenously in an injection volume of 0.2 mL. Urine was collected at performed using a similar general procedure but using 200 Ba/F3 cells
intervals after endotoxin injection and low-molecular-weight inhibitors engineered to express G-CSF recept®iG-CSF concentrations were
removed by passage through an NAP-5 column (Pharmacia, Uppsalgalibrated using parallel titrations of purified recombinant human
Sweden). At intervals after injection, mice were anesthetized usingG-CSF (Amgen, Thousand Oaks, CA).
penthrane and bled from the axilla to collect serum. The lower detection limit of both CSF assays was 50 pg/mL.
Local peritoneal cavity inflammation and infectionMice were  Titrations of serum GM-CSF and G-CSF were commenced using a 1:4
injected interperitoneally with 2 mL of an 0.2% (wt/vol) solution of serum dilution to avoid the inhibiting effects of serum lipoprotein, and
casein (Glaxo Laboratories, Melbourne, Australia) or casein C589¢the lower detection limits for sera were therefore 200 pg/mL.
(Sigma Chemical Co, St Louis, MO) in mouse tonicity phosphate-
buffered saline (MTPBS). The Glaxo preparation contains a contaminat- RESULTS

ing population of nonviable bacteria, and the Sigma preparation is Colony formation stimulated by GM-CSF or G-CSHitra-
contaminated by viable saphrophytic Bacillus organi$b both tion of recombinant GM-CSF or G-CSF using cultures of
cases, the organisms are cleared by local neutrophil phagocytosis durirgo 000 control C57BL6x129S\3¢*/*) marrow cells showed

the following 2 hours8 At intervals up to 3 hours after injection, the . . .
mice were anesthetized then their blood collected from the axilla. The(FIg 1) that maximal numbers of granulocytic and/or macro

abdominal cavity was then injected with 2 mL MTPBS and, after phage colonies were stimulated to dev_elop by concentrations of
massage to mix peritoneal cells with injected harvesting fluid, the cell5_ to 10 ng/mL of either CSF. Use of higher G-CSF concentra-

suspension was removed using a soft plastic pipette. The collectelions, up to 1 pg/mL, did not further increase the number of
volume was usually 3 mL. colonies developing and had only a moderate effect on mean

Production of peritoneal cell conditioned mediaResident perito-  colony cell numbers, which remained relatively low.
neal cells were collected using MTPBS and, after washing;, 10°
cells were incubated at 37°C for 3 hours in 1 mL Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% newborn calf serum and 0.1
mL MTPBS or 0.1 mL of a 2% solution of casein in MTPBS. Media
were then obtained, cells removed by centrifugation then millipore
filtration, and the media stored at 4°C before assay.

Production of organ-conditioned mediaMinced organs from 2- to
3-month-old femal@c—/~ andBc*/* mice were incubated for 4 days in
1-mL volumes of serum-free DMEM as described previodyhe
media were obtained then millipore filtered and stored at 4°C before
assay for CSF content.

Agar cultures. Agar cultures were performed in 1-mL volumes
containing 50,000 bone marrow cells from C57BL6x129Sv mice in
35-mm plastic petri dishésThe medium used was DMEM containing a
final concentration of 20% newborn calf serum and 0.3% agar. Colony
formation was stimulated in replicate cultures by addition of serial 8
dilutions of 0.1 mL of recombinant murine GM-CSF or human G-CSF. ‘g
Cultures were incubated for 7 days in a fully humidified atmosphere of g
10% CQ in air. After initial scoring atx35, cultures were fixed by the 2
addition of 1 mL of 2.5% glutaraldehyde. Four hours later, the culturesg 20
were floated intact onto glass slides and, after drying, were stained il
sequence for acetylcholinesterase, then with Luxol Fast Blue (BDH
Laboratory, Poole, UK) and hematoxyfinAfter mounting under
coverslips, the cultures were analyzed<&00 andx100 to determine
the number and composition of colonies in the entire cultures. 10~

GM-CSF and G-CSFassaysConcentrations of GM-CSF in serum,
urine, peritoneal fluid, and cell- or organ-conditioned media were
determined by microwell assays using Lux 60 well microtiter trays
(Nunc, Naperville, IL) containing 200 FDC-P1 cells in 100 uyL DMEM | | | 1 | | |
with 10% FCS'® Serial twofold dilutions of 5 pL of the test material . .03 0.06 025 1 4 16 64 250 1000
were added to duplicate wells and, after incubation for 48 hours at 37°C
in a fully humidifed atmosphere of 10% G@n air, viable cells were
counted using an inverted microscope. GM-CSF concentrations were Fig1l. Stimulation of colony formation by recombinant GM-CSF or
calibrated using a parallel titration of 1 ng/ mL of purified recombinant G.csF in agar cultures of 50,000 control C57BL6x129Sv bone mar-
murine GM-CSF (Pepro Tech). row cells. Each point represents the mean value from duplicate

FDC-P1 cells respond to stimulation either by GM-CSF or interleukin-3 cultures.
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Internalization of GM-CSF byc~/~ and gc*/* cells. The
ability of B¢/~ or Bc*/* bone marrow cells to use up GM-CSF
was evaluated by incubating cells wiffi¥-labeled murine
GM-CSF (100 ng/mL) at 37°C and measuring cell surface—
associated (acid elutable) and internalized (nonelutable by acic
radioactivity (Fig 2). As expected, given the presence of only
low-affinity receptors ongc~/~ bone marrow cell§, signifi-
cantly less GM-CSF was bound I3c~/~ cells (~2,000cpm)
than bound by an equivalent number @fct’* cells

associated GM-CSF was internalized py '~ cells, and this
situation did not change with time. This very weak internaliza-
tion precluded any accurate estimate of internalization or
degradation rates but allowed the conclusion that little internal-
ization occurred.

Serum GM-CSF and G-CSF responses to intravenous endc
toxin. In agreement with previous studies, the intravenous
injection of 5 pg endotoxin induced major rises in serum CSF
levels peaking 3 to 6 hours after injecti&t?!In control gc*/*
mice, G-CSF was not detectible in the serum of uninjected mice

but became detectible 1 hour after injection, then rose sharply
mntravenous injection of 5 pg endotoxin to Bc*/*+ or Bc=/~ mice. Each

point represents mean CSF values = SD from three separate mice of
each genotype at each timepoint.

and attained a peak at 6 hours of 1,000 ng/mL (Fig 3). Seru
G-CSF levels were still elevated at 24 hours after injection.
GM-CSF also was not detectible in the serum of uninjected
Bct* mice and, in agreement with previous studiebarely

£
(~14,000cpm). In addition, GM-CSF was rapidly internalized >
in B¢t cells (k = 0.12/min) and after 30 minutes showed % 5
clear evidence of degradation of GM-CSF because total cell©
associated counts decreased to about 3,000 cpm (80% degrac %
tion by 3 hours). In contrast, very little if any of the cell- o
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Fig 3. Serum concentrations of GM-CSF and G-CSF after the

detectible levels of GM-CSF were present in serum from 1 to 3

hours after endotoxin injection, thereafter again becoming

15 esurface
ointernal

undetectible.

Bc~/~ mice injected with 5 ug endotoxin showed identical

G-CSF responses to those seefs@i/* mice. In the serum of
uninjectedc™/~ mice, GM-CSF was present, but in barely

Cell-associated 125|-mGM-CSF (cpm x 10-3)

Fig 2. Binding and internalization of '?|-labeled rmGM-CSF to
Bc*/+ bone marrow cells (upper panel) and the much lower binding
and insignificant internalization by Bc=/= marrow cells (lower panel).
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detectible concentrations. However, in sharp contrast to the
situation with control mice, GM-CSF was readily detectible in
the serum ofic~/~ mice 1 hour after the injection of endotoxin,
with concentrations rising gradually to a peak of 9 ng/mL 3
hours after injection. After 6 hours, GM-CSF concentrations
declined and again were barely detectible at 24 hours.

Although serum GM-CSF levels have been noted to be
higher in male than in femalggc~/-xGM-CSF transgenic
mice}® it was of interest that after endotoxin injection, GM-
CSF concentrations in femajgc~/~ mice were 2- to 16-fold
higher than in corresponding mae '~ mice.

Validation of the bioassays.Bioassays were used in prefer-
ence to immunoassays because they certified that the material
being assayed was biologically active. Previous studies on
Bc~'~ mice showed a major difference between the half-life of
injected GM-CSF when comparing bioassays with half-lives
established using radiolabeled GM-CSF, the difference being
due to inactivation of much of the GM-CSF, although it
remained macromolecul&®>

The FDC-P1 cells used in the bioassays also respond to
proliferative stimulation by IL-3. Previous studies showed that
no detectible IL-3 appears in mouse serum after the injection of
endotoxint®2! That the active molecule being assayed in the
FDC-P1 assays was indeed GM-CSF was verified in the present
experiments by showing that all FDC-P1-stimulating activity in
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the sera was neutralized by a monoclonal GM-CSF antibody asfable 1. Urine Content of GM-CSF and G-CSF After the Intravenous

shown in the examples in Fig 4. This antibody had no effect in Injection of Endotoxin
parallel FDC-P1 cultures stimulated by IL-3. Hours After e/~ Mice et Mice

The presence of IL-3 in the serum samples was further njection GM-CSF G-CSF GM-CSF G-CSF
excluded by assaying al! sera in parallel m_cultures of Ba/F3 3 77+ 12 32 3+2 6+ 10
cells, a cell line responding only to stimulation by I128No 6 23+ 3 3+3 3+1 4+6
stimulating activity was detected in any sample. This permitted 24 13+6 8+ 7 03+ 04 4+2

the use of Ba/F3 cells, engineered to express receptors for
G-CSF, to be used as a specific assay for G-CSF. . ) i
. . per milliliter urine. Mean data from three mice per group at each
Urine GM-CSF and G-CSF levels after intravenous endo-timepointi SD.
toxin. Previous studies have shown that intravenously injected
GM-CSF appears in the urine, although less than 1% of injected
GM-CSF is cleared from the body by this rodt€?1t was also

GM-CSF and G-CSF concentrations are expressed as nanograms

- ; > all timepoints analyzed in concentrations that were higher than
shown that more injected GM-CSF appeared in the urine of, ihe serum. Withgc '~ mice, GM-CSF was also detected in

—/— i / i i i . . . . .
Bc’" mice than ofgc*’* mice!> Despite these data, it was e rine at all timepoints but in concentrations that were much
possible that in the special circumstances following the INJ€Chigher than in the urine opc** mice and again in higher

tion of endotoxin, this situation might change and that an
unusually high loss of GM-CSF in the urine might be respon-

sible for the low serum levels of GM-CSF pt*/* mice. explanation of the higher serum GM-CSF concentrations in
To explore this possibility, urine was collected 3, 6, and 2480”’ versus Bct'* mice after the injection of endotoxin,

hours after the intravenous injection of endotoxin. As shown inyacause urinary loss of GM-CSF was in fact much higher in the
Table 1, GM-CSF was detectible in the urinefaft/+ mice at Bc~/~ mice than in théc*/+ mice.

G-CSF was not detectible in normal mouse urine but was
readily detectible following the injection of endotoxin. How-
—— | ever in contrast to the GM-CSF data, levels of G-CSF were
similar in both types of mice at the timepoints examined.

GM-CSF and G-CSF concentrations in peritoneal exudate
fluid. The injection interperitoneally to mice of casein contain-
ing nonviable or saphrophytic bacteria induces a marked
accumulation of neutrophils within 3 hours and a rise in
peritoneal fluid concentrations of GM-CSF and G-CG&H
these earlier studies quantitative cellular responses in the
peritoneal cavity to the injection of casein were found to be

concentrations than in the serum of fhe/~ mice.
Urinary loss of GM-CSF did not therefore provide an

200

160 -

120 —

80

= I3 + oGM-CSF similar in Bc*/+ andBc~/~ mice.
2 w0l As shown in Fig 5, a typical local CSF response was observed
§ GM-CSF + oGM-CSF in Bc*/* mice following the injection of casein. As noted in
§ f 2o e} e 7o o)
5
3 ol GM-CSF G-CSF
£ T

160 —~

16— Be-/-

Total CSF ng
o
\

™
T

Be+/+
526 +
40— 530 4 oGM-CSF 4
oGM-CSF
04 AN | I
1:64 1:32 1:16 1:8 1:4 1:2 1:1 1 2 3 1 2 3
Dilution of stimulus added Hours after injection of casein
Fig 4. (Upper panel) Stimulation of the proliferation of FDC-P1 Fig 5. GM-CSF and G-CSF concentrations in the peritoneal cavity
cells by serial dilutions of 1 ng/mL GM-CSF or IL-3 and the selective fluid of Bc*/*+ and Bc~/~ mice at intervals after the intraperitoneal
inhibition of GM-CSF but not IL-3 by a monoclonal aGM-CSF anti- injection of casein. Figures are expressed as total nanograms of CSF
body. (Lower panel) The stimulating activity of postendotoxin sera in the 3-mL fluid volume collected after harvesting. Each point is the
for FDC-P1 cells is completely inhibited by the same «aGM-CSF mean value * SD from two female and one male mice of each

antibody. genotype per timepoint.
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previous studies on normal mié& GM-CSF responses oc- Table 3. Production of GM-CSF In Vitro by Organs From c*/+ and

curred earlier than G-CSF responses but declined after reaching B/~ Mice
peak values 2 hours after injection. GM-CSF ng/mL

Bc~/~ mice showed similar G-CSF responses to the injection Organ B o -
of casein but in contrast tBc*/* mice, GM-C_SF responses Salivary gland 0.0 030
were significantly higher and rose progressively during the Thymus 16,16.8 16,3216
3-hour observation period, reaching a mean level of 20 ng at 3 | ngs 32,1024,256 32,512,256
hours, a level fivefold higher than in casein-injectedt/* Heart 16,32,2 481
mice. Liver 0,0,0 0,0,0

In Fig 5, the values are expressed as total nanograms CSF per  Spleen 14,05 210
peritoneal cavity. In normal mice, the resident fluid volume has Kidney 0,0,0 0,00
been estimated as 70 j3tand in a real-life peritoneal infection Muscle 44,0 0.5,0,0.5
with the accumulation of smaller fluid volumes than used inthe ~ Bone marrow 00,0 1,00
present model, the observed CSF levels would represent very o€ shaft 2031 4054

. . . . Uterus 0 0

high local concentrations of CSF per milliliter fluid. Brain 0,00 0.0.0

Production rates of GM-CSF bgc~/~ tissues. The higher
GM-CSF responses iBC’/’ mice than inBc*’* mice to the Individual values represent data from the bioassay of medium
injection of endotoxin or casein might have been based on gondmoned for 4 days by the entire organ from separate female mice

L . VI aged 2 to 3 months.
constitutively elevated capacity @c~/~ tissues to produce

GM-CSF.
This possibility was explored by examining the capacity of
peritoneal cells to produce CSF in short-term in vitro cultures DISCUSSION

after exposure to casein and by determining the capacity of The present results document the fallacy of attempting to use
various organs to produce GM-CSF and G-CSF in longer tissu@erym CSF concentrations to reach conclusions regarding the
cultures. . involvement or noninvolvement of a CSF in responses to
In the first approach, peritoneal cells frgde™'~ andBc*’* jytections. The intravenous injection of endotoxin was used as a
mice were incubated for 3 hours with or without added caseingrogate model of a microbial infection and was able to elicit a

the concentrations of cells being<10F cells/mL to reduce the  yramatic rise in serum G-CSF concentrations in normal mice,
risk of receptor-mediated removal of CSF. As shown in Table 2,5t in contrast only a minor response in serum GM-CSF

GM-CSF concentrations after 3 hours of incubation wereconcentrations. These data paralleled earlier observations on the
elevated by addition of casein but the concentrations were nQl i of elevation of GM-CSF levels in infectio%13 observa-
significantly higher in cultures gc ™/~ cells than in cultures of  tions that have led some to the conclusion that GM-CSF is

Bc*’* cells. In cultures prepared containingS10° cells/mL, jiely to be of only minor importance in systemic responses to
only a minor twofold higher concentration of GM-CSF was jnfections.

observed if3c™/~ versusBc™/* cultures (data not shown), the  the simple maneuver of usirRe~/~ mice, whose cells lack
minor difference possibly reflecting the occurrence of SOMenigh-affinity receptors for GM-CSF and have little capacity to
receptor-based clearance in fhe''* cultures. internalize GM-CSF, resulted in a very different outcome.
An analysis of the capacity of various organs frBm’~and  gojiowing the injection of endotoxin, serum GM-CSF levels
Bc*’* mice to produce GM-CSF after 4 days of incubation in rose approximately 30-fold above preinjection levels and
vitro is shown in Table 3. In agreement with previous stuéfes, achieved a mean concentration of 9 ng/mL, a concentration in
individual organs varied widely in their capacity to produce excess of that required to stimulate maximal numbers of
GM-CSF, but levels produced ¢~ organs did not signifi-  granylocyte-macrophage colonies to develop in vitro. It is of
cantly differ from those produced tc*/* organs. _ interest that these GM-CSF responses always occurred slightly
Both sets of data suggested tBat '~ andBc*'" tissues had  yore rapidly than did G-CSF rises, with near-maximal re-
an equivalent capacity to produce GM-CSF under the condigponses already being evident 1 hour after injection. The very

tions tested. rapid rise in serum GM-CSF levels suggests that release of
preformed GM-CSF to the circulation may have been the basis

Table 2. Production of GM-CSF and G-CSF In Vitro by Peritoneal for the initial rapid rise. An increase in GM-CSF mRNA has

/ -t i . .
Cells From Bc*/* and B/~ Mice been noted in macrophages after exposure to endotoxin or other
Be~ e inducing agents in vitro, commencing within 1 to 2 ho#fr#

Stimulus GM-CSF G-CSF GM-CSF G-CSF this response pattern is typical for other cell types, an increased

Casein (Glaxo) 213+9.2 15+ 0 133+46 18+ 11 synthesis of GM-CSF in vivo in response to endotoxin,
Casein (Sigma) 16.0+00 13+04 133+46 1106 presumably therefore supervenes to maintain the observed

MTPBS 09+10 01*006 1.1*09 02=*0.06 elevations in serum GM-CSF levels, because the half-life of

A total of 1 X 10° peritoneal cells were incubated for 3 hours in 1 mL GM-CSF in serum is 0_n|y 21m_|nu_té§. . ”
DMEM containing 10% newborn calf serum. To replicate cultures, 0.1 . The present (_experlments_ indicated that'~ and Bc .
mL of 2% casein or 0.1 mL MTPBS was added. Values shown are mean tissues have a similar capacity to produce GM-CSF and, while

values of CSF concentrations in nanograms per milliliter = SD from not investigating in detail the metabolic fate of GM-CSF,
assays on three replicate cultures using both male and female mice. eliminated abnormally rapid loss of GM-CSF in the urine of
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endotoxin-injecteddc™’* mice as a possible basis for their 3. Sheridan JW, Stanley ER: Tissue sources of bone marrow colony
failure to develop high serum GM-CSF levels. stimulating factor. J Cell Physiol 78:451, 1971

The most reasonable conclusion is therefore that mice do in 4- Metcalf D: Acute antigen-induced elevation of serum colony
fact respond promptly to challenge by endotoxin by elevatingStimulating factor (CSF) levels. Immunology 21:427, 1971
GM-CSF levels but that this GM-CSF is usually efficiently 5. Sheridan JW, Metcalf D: Studies on the bone marrow colony

d by high-affinit t tina in th tstimulating factor (CSF): Relation of tissue CSF to serum CSF. J Cell
removed by high-affinity receptors, resulting in the apparenty, o 50109 1972

Occurrgnce Ofnonly avery weak resppnse to challenge. ) 6. Lieschke GJ, Grail D, Hodgson G, Metcalf D, Stanley E, Cheers
Earlier studies noted the production of GM-CSF locally in ¢ rowler kJ, Basu S, Zhan YF, Dunn AR: Mice lacking granulocyte
the peritoneal cavity in response to the combined injection ofcolony-stimulating factor have chronic neutropenia, granulocyte and
casein and nonviable or saphrophytic organisms as a model ofiacrophage progenitor cell deficiency, and impaired neutrophil mobili-

local infection and inflammatiott The present studies showed zation. Blood 84:1737, 1994
that the magnitude of this response is also underestimated in 7. Stanley E, Lieschke GJ, Grail D, Metcalf D, Hodgson G, Gall
mice with high-affinity GM-CSF receptors, not because of JAM, Maher DW, Cebon J, Sinickas V, Dunn AR: Granulocyte/
lower production rates of GM-CSF but again presumabwmacrophgge colony—stimu'lat.ing factor-deficient mice shqw no major
because of receptor-mediated endocytosis. per:]urlbatlo; of rlu\len}a;topglg&‘sul?su;\ gi‘ggg i;gzra‘:ter's“c pulmonary
o - athology. Proc Natl Acad Sci : ,
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