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ABSTRACT

Betafectin® PGG-Glucan, a novel-(1,6) branchedp-
(1,3) glucan purified from the cell walls ofSaccharomyces
cerevisiag has been shown to synergize with myeloid
growth factors in vitro and to enhance hematopoietic
recovery in myelosuppressed mice and primates. Here we
report that PGG-Glucan is also capable of mobilizing
peripheral blood progenitor cells (PBPC). PGG-Glucan
(0.5 mg/kg to 16 mg/kg) was administered intravenously
to C3H/HeN male mice and blood collected at times rang-
ing from 30 min to seven days after injection. Based on
granulocyte-macrophage colony-forming cell (GM-CFC)
levels, peak mobilization occurred 30 min after a 2 mg/kg
PGG-Glucan dose. At this time GM-CFC numbers in
PGG-Glucan-treated mice were approximately fourfold
greater than in saline-treated control mice. A second,
smaller wave of GM-CFC mobilization (approximately
twofold increase) also occurred on days 4 and 5 after
PGG-Glucan treatment. Mobilization was not associated
with the induction of a-chemokines, which have recently
been reported to induce rapid progenitor cell mobiliza-
tion. Competitive repopulation experiments performed in

irradiated female C3H/HeN mice revealed that, at three
months after transplantation, more male DNA was present
in bone marrow, splenic, and thymic tissues from animals
transplanted with cells obtained from mice 30 min after a
2 mg/kg PGG-Glucan dose than in tissues from animals
transplanted with cells obtained from saline-treated mice.
Additional experiments evaluated the mobilization effects
of PGG-Glucan (2 mg/kg) administered to mice which had
been pretreated for three consecutive days with G-CSF
(125 pg/kg/day). When blood was collected 30 min after
PGG-Glucan treatment, the number of GM-CFC mobi-
lized in combination-treated mice was additive between
the number mobilized in mice treated with G-CSF alone
and the number mobilized in mice treated with PGG-
Glucan alone. These studies demonstrate that: A) PGG-
Glucan can rapidly mobilize PBPC; B) the kinetic pattern
of PGG-Glucan-induced mobilization is different from
that of the CSFs; C) the reconstitutional potential of PGG-
Glucan mobilized cells is greater than that of steady-state
PBPC, and D) PGG-Glucan can enhance G-CSF-mediated
PBPC mobilization. Stem Cells1998;16:208-217

NTRODUCTION the development of PBPC transplantation, collection of
The use of peripheral blood progenitor cell (PBPC)steady-state PBPC (requiring as many as 7 to 10 pheresis
transplantation in the treatment of malignancies continues tprocedures) has been replaced with collection of PBPC
rapidly expand. As support for dose-intensive chemothermobilized by chemotherapy, growth factors, and chemother-
apy, autologous PBPC transplantation now challenges ocapy plus growth factors [1, 2, 5, 6]. PBPC enrichment over
surpasses autologous bone marrow transplantation, and allsteady-state levels has been reported to be approximately
geneic PBPC transplantation appears promising [1-5]. Witl80-fold following chemotherapy alone or growth factors
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alone and approximately 200-fold following chemotherapy in combination with G-CSF were evaluated. The results indi
plus growth factors [6]. Concomitant with the ability to enrich cate not only that a single administration of PGG-Glucan can
PBPC levels has been the ability to collect sufficient cells taapidly mobilize PBPC capable of long-term hematopoietic
ensure durable engraftment with a reduced number of-phereeconstitution but also that PGG-Glucan can enhance the
sis procedures. Although mobilization following chemother PBPC mobilization produced by G-CSF administration.
apy plus growth factors can reduce PBPC collection to a
single pheresis, in circumstances of allogeneic transplantdVl ATERIALS AND M ETHODS
tion, the administration of chemotherapy to normal donors is  Seven-week-old C3H/HeN female and male mice were
not a feasible option. In these instances, attempts are beimyrchased from Taconic Farms (Germantown, NY). Mice were
made to improve PBPC collection using intensive growth fac barrier-reared and reported by the supplier to be free of-adven
tor treatment. In spite of these improvements, pheresis-relatedious viruses and pathogenic organisms. Animals were housed
catheter thrombosis and organ-specific complications relatedO per group in plastic Micro-Barrier cages (Allentown Caging
to the administration of mobilizing chemotherapy and/or Equipment; Allentown, NJ) on hardwood-chip contact bedding
growth factors are often still clinical concerns [6, 7]. In light and were provided food and chlorinated water ad libitum. Mice
of this, there exists a need to explore alternative methods favere allowed to acclimate to the environment of the Alpha-
optimizing PBPC mobilization. Beta Technology animal facility for one week prior to being
Yeast-derived3-glucans is a novel class of carbohydrate entered into experimental protocols that were approved by the
compounds which have been shown to exert poteninstitutional Animal Care and Use Committee.
hematopoietic and anti-infective activity in normal and myelo ~ Male mice were treated with PGG-Glucan (Betafé¢tin
suppressed animals following single-dose administratiorAlpha-Beta Technology, Inc.; Worcester, MA), recombinant
[8-15. In mice, a single administration of particulgtglu- human G-CSF (Amgen; Thousand Oaks, CA) or pyrogen-
can has also been demonstrated to mobilize granulocytdree saline (McGaw, Inc.; Irvine, CA). PGG-Glucan was
macrophage colony-forming cells (GM-CFC) and spleenadministered i.v. at single doses ranging from 0.5 mg/kg to 16
colony-forming units (CFU-S) [9, 10]. Although eafyglu-  mg/kg. G-CSF was administered s.c. on three consecutive
can preparations were particulate in nature [8-11], derivatizedays at a dose of 12f/kg/d. Blood was collected by cardiac
(e.g., aminated, sulfated, phosphorylated) sol@kigucans  puncture from mice under isoflurane (AEr&n®©hmeda
have subsequently been prepared, and some ofiytiseans  PPD; Liberty Corner, NJ) anesthesia at times ranging from 30
shown to also possess potent hematopoietic and anti-infectivein to seven days after treatment. Depending on the time
activity [12-15]; the mobilizing capacity of solulfleglucans,  point evaluated and the number of cells needed for specific
however, was not evaluated. studies, blood was collected from three to nine mice per treat
In part, development of derivatized soluplglucanshas  ment group and pooled for further processihy.some
been dampened by the likelihood of undesirable clinical sidénstances, femurs and spleens were also removed to prepare
effects related to their strong cytokine-inducing activities cell suspensions as previously described [12]. Peripheral white
[12, 15-20]. BetafectfhPGG-Glucan is a novel, nonderiva blood cell (WBC), red blood cell (RBC), and platelet (PLT)
tized, B-(1,6) branche-(1,3) glucan isolated from the cell counts were determined using a Serono System 9010
walls of a proprietary strain of the ye&stccharomyces cere  Hematology Analyzer (Biochem Immunosystems; Allentown,
visiae It is completely soluble in aqueous solutions within PA) and light-density peripheral blood mononuclear cells
the physiologic pH range and has a defined size range ¢PBMC) were separated on LSMOrganon Technika;
170,000+ 20,000 daltons [21, 22]. PGG-Glucan has beenDurham, NC) according to the manufacturer’s instructions.
shown to possess broad anti-infective activities without ~ Bone marrow cells, spleen cells, and PBMC were cul
theinduction of proinflammatory cytokines [21, 23-25]. €ur tured for GM-CFC in methylcellulose media (Stem Cell
rently, PGG-Glucan is being evaluated for the ability to Technologies; Vancouver, Canada) in the presence of 0.1 ng/ml
reduce postsurgical infections in a phase Il clinical trial.  of recombinant murine GM-CSF (R&D Systems; Minneapolis,
PGG-Glucan has also been shown to possess hematopilN). Cultures were incubated at°87in 5% (v/iv) CQ and
etic activities. In vitro PGG-Glucan synergizes with myeloid colonies scored after seven days of culture. In some instances
growth factors to enhance hematopoietic cell proliferation,PBMC were also injected i.v. into irradiated female C3H/HeN
and in vivo it has been demonstrated to enhance hematoponice to assay their short-term (two-week) and long-term
etic recovery in myelosuppressed mice and primates [26-28]three-month) in vivo reconstitutional potential. Female
The purpose of these studies was to evaluate the ability akcipient mice were exposed to 8.5 Gy of whole-b5ts
PGG-Glucan to mobhilize PBPC in normal mice. Both theradiation administered at 0.9 Gy/min using a Gammacell-40
effects of PGG-Glucan alone and the effects of PGG-Glucasource (Atomic Energy of Canada; Ottawa, Canada).
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Reconstitutional analysis was performed as previously "
described [29]. Briefly, the femurs, spleen, and thymus wer * -
removed from individual mice and DNA-extracted to prepare
Southern blots. Based on 260:280 ratios, equal amounts
DNA from each sample were loaded per gel and DNA ana
lyzed for the presence of male Y-specific sequences using tt]
pY2-cDNA probe (courtesy dr. lhor LemischkaPrinceton
University; Princeton, NJ). Blots were probed overnight at -
65°C, and autoradiography was performed atE7dr vary 8
ing time intervals. Filters were then exposed to photostimulat Time after PGG-Glucan injection
able storage phosphorimaging plates (Molecular Dynamics;
Sunnyvale, CA) and after scanning the plates with a 400A
Phosphorimager (Molecular Dynamics), the percent of maleFigure 1. Time course of GM-CFC mobilization in C3H/HeN male
and female DNA in each sample was quantified based on conmice injected i.v. with either saline or 2 mg/kg of PGG-Glucan.
parison to a male murine DNA standard. DNA calculationsMean SE of values obtained from at least three individual exper

. I iments at each time point.p*< 0.05, with respect to saline.

were normalized based on verification of the amount of DNA
loaded for each sample. As previously described [29-30] thi:
was done by reprobing membranes with a cDNA probe fo| o5 - *
interleukin 3 (IL-3; courtesy dbr. James IhleDNAX; Palo
Alto, CA) and also quantifying by phosphorimage analysis,

Serum samples for chemokine analysis were collected &
0.25,0.5, 1, 2, and 3 h after i.v. administration of 2 mg/kg of
PGG-Glucan or 50Qig/kg of E. coli 0127:B8 lipopolysac
charide (LPS; Calbiochem; La Jolla, CA). Torehemokines
macrophage inflammatory protein-2 (MIP-2) and KC were
quantitated by enzyme-linked immunosorbent assay (ELISA
using commercial kits specific for the detection of these
murine proteins (R&D Systems). 2T " B

Unless stated otherwise results are presented as the me
+ standard error (SE) of data obtained in replicate experi
ments. Statistical analyses were performed by analysis ¢
variance or two-tailetitest using Instétsoftware (GraphPad;
San Diego, CA).
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Mobilization with PGG-Glucan Alone

The ability of a single 2-mg/kg dose of PGG-Glucan to
mobilize GM-CFC into the peripheral circulation of mice is Figure 2. Dose response for PGG-Glucan-induced GM-CFC
. - e ... mobilization at the 30-min (A) and five-day (B) mobilization
illustrated in Figure 1. Peak mobilization occurred within peaks C3H/HeN male mice were injected i.v. with either saline or
30 min of PGG-Glucan administration, at which time 0.5 mg/kg - 16 mg/kg of PGG-Glucan. MearSE of values
approximately a fourfold increase in GM-CFC numbersobtained from at least three individual experiments at each dose.
was observed. Although by day 2, GM-CFC mobilization ™ P < 0-05. with respect to saline.
appeared to subside, a second, smaller wave of mobilizatic
occurred on days 4-6. Both the early (Fig. 2A) and latein PGGGlucan-treated mice fluctuated within control levels
(Fig. 2B) waves of GM-CFC mobilization were dose- with the exception of a slight increase in RBC numbers on
dependent, with the 2 mg/kg PGG-Glucan dose inducinglay1 and a slight increase in RBC and PLT numbers on day 4
optimal effects. Throughout the time course studied, bongTable 1). The short-term and long-term reconstitutional
marrow GM-CFC numbers remained within control levels potential of cells mobilized by PGG-Glucan is illustrated in
(Table 1). Consistent with a lack of hematopoietic effects inFigure 3. In these studies lethally-irradiated female mice were
the bonemarrow, peripheral WBC, RBC, and PLT nbens  transplanted with 3.4 10 PBMC isolated from normal
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Table 1.PGG-Glucan treatment does not alter bone marrow GM-CFC proliferation or peripheral WBC, RBC, and PET counts
Time after Injection

05h 3h 1 day 2 days 3 days 4 days 5 days 6 days 7 days
GM-CFC per 10°
Marrow cells
Saline 54+2 NAP 51+3 45+ 4 403 28+3 42+ 4 41+4 28+2
PGG-Glucan 54%3 NA® 66+9 51+3 39+3 3917 4314 38+7 35z+1

WBC/pl (x 10°)
Saline 296£0.16 2.64£0.56 3.13:0.42 2.98+057 196+0.19 2.66:035 2.42:033 2.55:042 1.78£0.23
PGG-Glucan 2.89+0.17 2.52+0.44 234+024 278+055 226£0.15 2.41£019 2224037 2.01:021 194+0.17

RBC/yl (x 10)
Saline 7.25:009 7.56£021 7.40£010 7.7740.22 7.73:010 7.74+0.06 7.78+013 7.82+0.12 7.93+0.11
PGG-Glucan 7.29+0.07 7.52+0.09 7.87+0.07 7.76:+0.24 7.65:0.10 8.21+012 7.88+0.12 7.84+014 806+0.12

PLT/ul (x 10°)
Saline 618+ 13 574+34  641+£25 67324  646+t13  665+23 696+ 20 684+21 716+ 24
PGG-Glucan 617+13  650+18  701+13  661+30 651+22 758+1C°  723+23  735+19  739+22

*ffects of saline or 2 mg/kg of PGG-Glucan (i.v.) on bone marrow GM-CFC proliferation and peripheral WBC, RBC and PLT €@kiftden
male mice. Meart SE of values obtained from two to three GM-CFC experiments and 2-14 blood cell count experiments.

®Not assayed.

p < 0.05, with respect to saline.

Figure 3. Short-term (two-week;
100 A 100 D A-C) and long-term (three-
g o g 60 month; D-F) bone marrow,
g g splenic and thymic competitive
o 90 o 90 reconstitution produced by mobi
c . . N
S 40 g 40 lized PBPC. Lethally irradiated
o o 5 female C3H/HeN recipient mice
2 20 5 i
z ) ) , z ) ) ) were transplanted with 3.4 10
L T T T 1 3 T T T 1
Saline PGG-  G-CSF Saline PGG-  G-CSF normal C3H/HeN female PBMC
Glucan Glucan along with 3.4 x 10°f male
C3H/HeN PBMC obtained from
_ 100 B _ 100 E saline-treated mice, mice injected
g $ 80 i.v. 30 min previously withiag/kg
E E of PGG-Glucan, or mice injected
2 €0 2 60 s.c. for three consecutive days with
= 40 = 40 125 pglkg/d of G-CSF. The per
= 20 = 2 cent male-derived reconstitution
0 ) ) ) 0 ) ) , was determined by Southern blot
T T T 1 T T T 1 . .
Saline PGG-  G-CSF Saline PGG-  G-CSF analysis with a Y-chromosome
Glucan Glucan specific probe as described in
Materials and Methods Mean+
100 C ,, 100 F SE qf value; obtained from three
4] E] individual mice per group.
2 80 E &
£ 60 = 60
[} —_
5 40 z‘: 40
S 20 S 20
0 0 : : :
Saline PGG-  G-CSF Saline PGG-  G-CSF
Glucan Glucan

femak mice along with 3.4 10° PBMC isolated from male 3.4 x 10° PBMC cell dose was chosen for these studies
mice injected 30 min previously with either 2 mg/kg of PGG- because it represented the average PBMC number in 1 ml of
Glucan or saline. Based on preliminary experiments, thenormal mouse blood and should insure the long-term survival



212 Progenitor Cell Mobilization by PGG-Glucan

of all animals. All mice transplanted with cells at this dose sura differential myeloablation prior to transplantation would
vived until euthanized at two weeks or three months afteresult in a 1:1 female:male cell ratio in the spleen (yielding
transplantation to assay the reconstitutional potential of thequal male and female reconstitution) but greater than a 1:1
male donor cells based on their ability to competitively repop female:male cell ratio in the marrow (favoring female recon
ulate the bone marrow, spleen, and thymus of the female recigtitution). In spite of these curiosities related to the prepara
ients. Cells mobilized by PGG-Glucan tended to sustain bottive radiation treatment, they have no influence on the
better short-term (Fig. 3A-3C) and long-term (Fig. 3D-3F) interpretation of our data since all animals were transplanted
reconstitution than cells obtained from saline-treated micewith exactly the same number of cells from saline-, PGG-
The enhanced reconstitution observed with PGG-GlucanGlucan- or G-CSF-treated mice, making relative compar
mobilized cells was more pronounced at three months than &ons of the reconstitutional potential of each of the donor
two weeks. In the same experiment, the short-term and longgopulations still valid.
term competitive repopulation potential of 3410 cells Because tha-chemokine interleukin 8 (IL-8) [31-33] has
mobilized by three consecutive daily injections of G-CSF wagecently been shown to rapidly mobilize PBPC in a manner
evaluated. In all tissues examined, cells mobilized by G-CSKimilar to that observed following PGG-Glucan administra
also produced better short-term and long-term reconstitutiotion, the possibility that mobilization in PGG-Glucan-treated
than cells obtained from saline-treated mice (Fig. 3). Themice was occurring secondary dechemokine release was
two-week and three-month bone marrow and splenic reconinvestigated. Although we could not specifically evaluate
stitution obtained with cells mobilized by PGG-Glucan wasinduction of IL-8 because IL-8 per se has not been identified
comparable to that obtained with cells mobilized by G-CSFin mice, twoa-chemokines considered to be murine functional
Early thymic reconstitution, however, was better with homologs of IL-8, MIP-2 and KC, were evaluated. The data
G-CSF-mobilized cells. presented in Table 2 show that although MIP-2 and KC levels
With respect to the competitive repopulation data pre dramatically increase in response to the LPS used as a positive
sented in Figure 3, 50% male and 50% female repopulationontrol in these studies, PGG-Glucan did not induce either of
would theoretically be expected in the organs of control micghese chemokines.
transplanted with a 1:1 ratio of female:male cells. However,
only 20% male (80% female) repopulation was observed iMobilization with PGG-Glucan in Combination with G-CSF
the bone marrow of control animals. In our studies, aiG§.5- Because the kinetics of PGG-Glucan-induced mobiliza
radiation dose was used to prepare recipients for transplanttion appeared to differ from the mobilization kinetics of clas
tion. This was the highest usable radiation dose based-on prsical growth factors, PGG-Glucan and G-CSF combination
liminary studies revealing that higher doses induced deatktudies were carried out to evaluate potential additive er syn
within four to six days due to gastrointestinal radiation ergistic mobilization effects. In these studies, mice weeted
injury. Although the 8.5-Gy radiation dose was severelyon three consecutive days with G-CSF and administered PGG-
myeloablative, it is likely that it was not entirely myeloablative. Glucan 24 h after the last G-CSF injection; PBPC mobilization
Thus, residual female host cells
would increase the female:male
cell ratio and skew towards

Table 2.PGG-Glucan treatment does not alter seeuthemokine levefs

female repopulation. Interest Time after Injection
ingly, however, control splenic 15 min 30 min 1h 2h 3h
reconstitution did approximate | mjip-2 (pg/mi)
50% male and 50% female. It|  Saline <18 <18 <18 <18 <178
has previously been demon PGG-Glucan <78 <18 <78 <18 <718
P y LPS 108£33 4729239 >8000 >8000 50293t 32.0

strated that, related to cell C (ogitl)

ing di i pg/m
cycling differences, splenic | g p. 62725 61118 515¢09  368:24  6L7+15
GM-CFC are approximately |  pGG-Glucan 60.1t2.0 405+1.9 35.9+ 1.8 452435  558+17
twice as radiosensitive as bone LPS 406.8+ 8.2 3863.61 59.9 > 8000 > 8000 > 8000

marro.w GM-CFC [30.]' Base.d *ffects of i.v. administered saline, PGG-Glucan (2 mg/kg), or LPS|{§0@) on serum MIP-2 and KC
on this, the preparative radia | jeyels in C3H/HeN male mice as determined by ELISA analysis. Sera were tested in duplicate or|tripli
tion regimen would be expected| cate wells at 0, 1:2, 1:4, 1:8 and 1:16 dilutions. Data are expressed as the $feai values from all
to ablate a greater percentage gf dilutions yielding readings on standard curves generated with recombinant murine MIP-2 or KC.
®Lower limit of detection was 7.8 pg/ml for MIP-2 and 15.6 pg/ml for KC.

host splenic progenitors  than ‘Maximum limit of detection based on the dilution scheme used.

host marrow prognitors. Such
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Figure 4. Effect of PGG-Glucan on mobilization of GM-CFC  Figure 5. Effect of PGG-Glucan on bone marrow (A) and splenic
in mice pretreated with G-CSFBlood was collected from (B) GM-CFC proliferation in mice pretreated with G-CSBone
C3H/HeN male mice 24 h after the third of three daily s.c. marrow and spleen cells were prepared from C3H/HeN male mice
injections of G-CSF (12%g/kg/d), 30 min after a single i.v. 24 h after the third of three daily injections of G-CSF (figkg/d),
injection of PGG-Glucan (2 mg/kg), or 30 min after a single 30 min after a single injection of PGG-Glucan (2 mg/kg) or 36 min
injection of PGG-Glucan administered 24 h after the third of utes after a single injection of PGG-Glucan administered 24 h after
three daily G-CSF injections. MeanSE of values obtained from the third of three daily G-CSF injections. Me#nSE of values
two individual experiments. p < 0.05, with respect to saline; obtained from two individual experimentg ¢ 0.05, with respect

*p < 0.05, with respect to G-CSF. to saline.*p < 0.05, with respect to G-CSF.

was determined 30 min following the PGG-Glucan treatmentthese animals. As expected, mobilization HCSF-treated
Controls consisted of mice receiving G-CSF for three censeamice was accompanied by an increase in bone marrow GM-
utive days followed by saline treatment 24 h later, mice receivCFC numbers; however, no further GM-CFC increase was
ing saline for three consecutive days followed by PGG-Glucambserved in the bone marrow of combination-treated mice
treatment 24 h later, and mice receiving saline at all treatmerfFig. 5A). Mobilization in G-CSF-treated mice was also
times. Alone, PGG-Glucan and G-CSF increased the concemccompanied by an increase in splenic GM-CFC numbers
tration of GM-CFC per XPBMC to approximately equal lev  (Fig. 5B). Interestingly, combination-treated mice did
els (Fig. 4A); however, because WBC counts were higher irexhibit greater splenic GM-CFC numbers than mice treated
mice treated with G-CSF than in mice treated with PGG-with G-CSF alone (Fig. 5B).

Glucan, GM-CFC numbers per ml of blood were greater in G-

CSF-treated mice than in PGG-Glucan-treated mice (Fig. 4B)DiScussIiON

GM-CFC mobilization in the combination-treated mice was  Laboratory and clinical investigations over the past several
approximately additive between that observed in mice treatedecades have clearly established that PBPC transplarttion
with G-CSF alone and that observed in mice treated wittbring about stable, complete, and long-lasting emgesft.
PGG-Glucan alone whether evaluated as GM-CFC coneentrd@BPC are less painful to collect than bone marrow, appear to
tion per 16 PBMC or as GM-CFC numbers per ml of blood engraft more rapidly than bone marrow stem cells, and may be
(Fig. 4). Growth-factor-induced PBPC mobilization has previ less contaminated with tumor cells. Although during steady-
ously been shown to occur concomitantly with active progenstate hematopoiesis only small numbers of PBPC circulate in
itor cell proliferation. To evaluate mobilization mechanismsthe blood, the advantages of PBPC transplantation have
in the combination-treated mice, bone marrow, and splenispurred interest in optimizing modalities that can safely and
GM-CFC progenitor cell, activity was also evaluated in predictably increase PBPC numbers. Improved technologies



214 Progenitor Cell Mobilization by PGG-Glucan

have rapidly developed to mobilize, collect, and cryopreservén a dramatic stimulation of hematopoietic proliferation and
PBPC for use in outpatient settings. amplification of bone marrow and splenic progenitor cell pools
Although many growth factors and cytokines have beer{9, 10] which does not occur following administration of PGG-
evaluated for PBPC mobilization potential, currently only GM- Glucan. Furthermore, the peak PBPC mobilization observed
CSF and G-CSF have been approved as mobilizing agents figllowing administration of particulat@-glucan has been
the Food and Drug Administration. The typical clinical G-CSF reported to occur approximately five days after administration
mobilization regimen consists of a five- to seven-day course ofather than immediately as seen following PGG-Glucan
G-CSF (5ug/kg/d to 16ug/kg/d) with PBPC collection phere  administration. Thus, the PBPC mobilization induced by
sis being performed on days 5, 6, and 7. However, even iRGG-Glucan administration is different from that induced by
donors who are presumed to have normal bone marrow fungarticulatef-glucan. With respect to soluble carbohydrates,
tion, G-CSF administration elicits wide intersubject PBPCprevious studies have reported PBPC mobilization following
yields and poor yields in 5% to 15% of donors [34]. Similar administration of such agents [35-37]. In particular PBPC
effects have been observed with GM-CSF mobilizatior regi mobilization has been shown to occur within one to three h
mens. In light of such responses, efforts to develop better mobafter i.v. administration of dextran sulfate (DS). Serious ana
lizing regimens continue. Currently, the mobilizing potential of phylactic shock, which often occurred following systemic DS
growth factor combinations as well as alternative cytokine regadministration, however, limited its clinical development.
imens are under preclinical and clinical investigation. In thisAlthough the molecular weight of DS can affect its mobiliza
paper, we demonstrate the mobilizing potential of PGG-ion capacity, the mobilizing potential of DS has primarily
Glucan, a novel carbohydrate currently in clinical developmenbeen thought to be related to its polyanionic characteristic [36-
as an anti-infective immunomodulatory agent. 37]. Because PGG-Glucan is essentially a neutral carbohydrate
As opposed to growth factor-induced PBPC mobilization[21, 38-39], it can be inferred that PGG-Glucan induces-maobi
which requires multiple daily growth factor treatments, peaklization via mechanisms different than those reported for DS.
PBPCmobilization occurred within 30 min following a single Mobilization by PGG-Glucan also appears to occur via
dose of PGG-Glucan. The PBPC mobilized by PGG-Glucamechanisms different from growth factor-induced mobiliza
appeared to be qualitatively comparable to those mobilized bijon. Mobilization induced by growth factors has partially been
a three-day G-CSF regimen based on GM-CFC growth andttributed to an overall increase in the size of the progenitor
long-term reconstitution potential (Figs. 3 and 4). Furthermorecell pool subsequent to proliferative effects occurring after
presumably because of different mechanisms of action, admimultiple doses of growth factor treatment [40-42]. This mech
istration of PGG-Glucan to mice pretreated with G-CSF auganism, however, cannot explain the mobilization observed fol
mented G-CSF-induced PBPC mobilization in an additivelowing PGG-Glucan treatment since no increase in bone
manner (Fig. 4). marrow or spleen progenitor cell numbers was observed
Recently, a single-center, randomized, double-blind phasewithin the short 30-min period between PGG-Glucan adminis
PGG-Glucan mobilization study has also been performed. Nintration and blood collection (Table 1). The mere fact that PGG-
normal, healthy, male volunteers were enrolled, with three eacBlucan induces a rapid PBPC mobilization suggests a
receiving PGG-Glucan at either 0.75 mg/kg, 1.50 mg/kg or 2.2%Bedistribution of progenitors from the marrow to the peripheral
mg/kg administered as a single one-hour i.v. infusion. At timeslood rather than an amplification of progenitor cells. In the
ranging from 2 h to 14 days after PGG-Glucan administrationG-CSF and PGG-Glucan combination studies (Fig. 5), the
blood samples were collected for cell counts and CB34ly increase in splenic GM-CFC numbers observed in combina
sis. This study showed a similar early increase (approximatelion-treated mice could also be explained by splenic trapping
threefold) in peripheral blood CD34ells within seven h of  of mobilized marrow progenitors, i.e., a redistribution from the
PGG-Glucan infusion followed by a second wave of mobiliza marrow to the spleen via the peripheral circulation.
tion on day 11Rleicher, P, Alpha-Beta Technology Inc., per It can be hypothesized that alterations in the pregeni
sonal communication). The greatest response was observed witir/stroma environment must be occurring to facilitate the
the 0.75-mg/kg PGG-Glucan dose. These data support the prapid PBPC redistribution observed following PGG-Glucan
clinical observations regarding the early mobilizing potential oftreatment. It is well known that carbohydrate-rich extracellular
PGG-Glucan reported in this paper. matrix molecules including collagens, glycoproteins, and
PBPC mobilization following administration of particu glycosaminoglycans play a critical role in anchoring
late B-glucan has been previously reported [9-10]. Thehematopaitic cells as well as providing local niches influenc
hematopoietic activities of particulgteglucan, however, sig  ing their development [43]. Unlike other growth factor and
nificantly differ from those of PGG-Glucan. In particular, cytokinemobilizing agents, PGG-Glucan is a carbohydrate.
administration of a single dose of particultglucan results  If PGG-Glucan could in some manner competitively disrupt
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carbohydrate-mediated anchoring of progenitor cells, it coulcaind data presentation formats (e.g., concentration piéglito
be envisioned that progenitors would rapidly be peripheraldensity blood cells, concentration per® Iucleated blood
ized. The impact of adhesion molecules on mobilizing stentells, concentration per ml of blood), making direct quantita
cells has recently been demonstrated in studies evaluating thige comparisons of the mobilizing efficacy of various agents
mobilizing effects of anti-very-late-acting antigen-4 (VLA somewhat complicated. In spite of these variables, we have
treatment [44, 45]. In these studies, disruption of cytoadheattempted quantitative comparisons. Since our studies were
sion by anti-VLA administration resulted in rapid PBPC performed in normal mice and used blood GM-CFC levels as
mobilization. Furthermore, some mobilizing cytokines sucha surrogate marker of PBPC mobilization, we have focused
as ckit ligand have been shown to alter adhesion moleculeur comparisons on studies performed in normal mice in
avidity [46]. Thus, it may also be possible that PGG-Glucanwhich effects on blood GM-CFC or/and CFiJi&vels have
is capable obltering adhesion molecules such as YLA been reported. It should be noted that in making our cempar
An additional mechanism through which PGG-Glucanisons, values for “fold-increases” in many instances have been
may mediate PBPC mobilization could be through the inducestimated from graphically published results.
tion of other factors known to produce rapid PBPC mobiliza ~ The most logical cytokines with which to compare the
tion. Recently, thea-chemokine IL-8 [31-33] has been mobilizing potential of PGG-Glucan are Mif-hand IL-8
reported to mobilize PBPC within minutes of administration. which, like PGG-Glucan, rapidly mobilize PBPC within 15-
Because of this, we evaluated whether PGG-Glucaindas 30 min after administration. The PBPC mobilization we
ing a-chemokines. Since murine IL-8 per se has not been iderobserved after PGG-Glucan treatment was similaotd’s
tified, we could not specifically evaluate induction of IL-8. reported threefold PBPC increase induced by the MiP-1
However, we did evaluate effects on MIP-2 and KC which areanalog BB-10010 (30 min after 2i/mouse) [48] as well
a-chemokines known to bind to the murine IL-8 receptor andas toLui's recently reported fourfold PBPC increase induced
are considered to be murine functional homologs of IL-8 [47].by IL-8 (15 min after 3Qug/mouse) [49]. Interestingly, hew
These studies revealed that serum MIP-2 and KC levels werever, Laterveer et al[31, 33] have reported 12- to 17-fold
not elevated following PGG-Glucan administration, suggestincreases in blood GM-CFC levels 15 min after an identical
ing that PGG-Glucan mobilizes PBPC in a manner indepen30 ug/mouse IL-8 administration. The fact that these IL-8
dent ofa-chemokine induction. The fact that PGG-Glucan studies were performed with different mouse strains may
mobilizes PBPC in a manner independentrafhemokine  explain these response differences.
induction is also suggested from the results of our PGG- It is well known that high G-CSF doses administered for
Glucan and G-CSF combination studies (Fig. 4). In thesextended periods of time can significantly increase PBPC
studies, we observed enhanced PBPC mobilization in micenobilization [41, 42, 50-53]. For our G-CSF/PGG-Glucan
pretreated with G-CSF and subsequently administered PG&ombination studies, however, we felt that an abbreviated G-
Glucan, whileLaterveer et al reported decreased PBPC CSF mobilization regimen would be sufficient for observing
mobilization in mice pretreated with G-CSF and subse additive or synergistic mobilization effects. The three-day G-
quently administered IL-8 [33]. Interestingly, BB-10010, a CSF administration protocol used in our combination studies
synthetic analog of th@-chemokine macrophage inflamma was similar to the short, two-day courses eE6F adminis
tory protein let (MIP-1a), has also recently been reported to tered inLord’s G-CSF/MIP-i combination studies [48] as
induce rapid PBPC mobilization [48]. Whether PGG-Glucanwell as Laterveer'sG-CSF/IL-8 combination studies [33].
alters MIP-Ix production is not known at this time. Alone, the G-CSF protocol used in our studies induced
In analyzing the mobilizing potential of PGG-Glucan, we approximately a sixfold increase in peripheralized GM-CFC.
have attempted to quantitatively compare the mobilizingln combination with PGG-Glucan, an approximate 10-fold
effects observed with PGG-Glucan with those induceatiigr  increase was observed; this represented a 1.6-fold increase
cytokines and cytokine combinations. The PBPC-mobilizingover the PBPC mobilization induced by G-CSF alone. This
abilites of numerous cytokines and cytokine combinationsenhanced mobilization was comparable to the 1.5-fold
have been investigated in mice. However, these studies havecrease over the PBPC mobilization induced b &F
utilized not only a variety of mouse strains and mouse modelalone inLord’s G-CSF/MIP-Ii combination studies [48].
(e.g., normal mice, splenectomized mice, chemotherapyiterestingly, our results contrasted thos¢aterveeret al
treated mice), but also a variety of cytokine doses, administran which they observed decreased PBPC mobilization in
tion routes, treatment durations, endpoint measurements (e.gnice receiving combination G-CSF/IL-8 treatment eom
blood GM-CFC, CFU-g granulocyte, erythroid, macrophage, pared with mice treated with G-CSF alone [33].
megakaryocyte-CFC, CFUgS long-term culture-initiating Other cytokines, when administered for extended periods
cells, radioprotection capability, reconstitution capability, etc.)of time, have also been demonstrated to result in significant
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PBPC mobilization as well as to synergize with G-CSF inwould further increase mobilization via its distinct mobilizing
peripheralizing progenitors. The most notable cytokine-commechanisms remains to be determined.

binations are stem cell factor (SCF) plus G-CSF [51, 52] and

FIt3 ligand plus G-CSF [53]. For example, following a 10-day CONCLUSION

course of SCF (5Qug/kg/d) plus G-CSF (25Qug/kg/d), In conclusion, these studies have demonstrateeBRE-
peripheral CFU-glevels have been reported to be increasednobilizing potential of a novel carbohydrate, PGG-Glucan,
approximately fivefold over those observed with G-CSFwhich appears to mobilize PBPC in a manner different than
treatment alone [52]. More recently, an approximate 35-foldreported for other mobilizing agents. These studies have also
increase over mobilization levels observed with G-CSF alonelemonstrated proof-of-principle that PBPC mobilization
has been reported following a six-day course of Fit3 ligandnaybe enhanced through the combined use of agents acting
(10 pg/mouseld) plus G-CSF (1Qug/mouse/d) [53]. through different mobilizing mechanisms.

Compared with these extended cytokine combinations, PGG-

Glucan appears to only modestly enhance the mobilizingACKNOWLEDGMENT

effects of G-CSF. However, whether the administration of  The authors would like to acknowledge the animal care
PGG-Glucan to mice treated with such cytokine combinationgssistance dflarygail EvenandJialing Yang
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