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Potential for Immune Reconstitution through G-CSF
Treatment of HIV Patients
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Abstract. New treatment strategies for HIY/AIDS are very successful in reduc ing viral load. However. reco n­
stitution of the immu ne system takes about one year ami may be insufficient or remain incomplete. During this
time the patie nt remai ns prone to opportunistic infections as a result of the complex immu ne dysfunction caused
by the virus. Rccombinant granulocyte colo ny-stimulating factor (G-CSF) has diverse imrnunomodulatory proper­
ties which may be beneficial in aiding immune reconstitution.
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Introduction

Acquired immunodeficiency syndrome (AIDS),
a d isease that was first described in the early 1980 's , is
the consequence of an infection with human immune­
deficiency virus (H!Y). This pandemic is still spreading
very fast, especially in Africa and Asia: worldwide,
36.1 million people were living with HIV/AIDS m the
year 2000, 5.3 million new infections and 3 million
deaths were recorded in that year (hup:llwww.unaids .
orglwac/2000/wadOO/filcs/WAD3pidemic_repon. htrn).

HIY infect ion results in complex immune dysfunc­
tion. Although T helper (Th) cells, which are part of
the specific immune system, arc the primary targets of
HIV infection, cells of the non-specific immune sys­
tem , such as macrophages and dendritic cells, are also
infected. The numbers and functions of ncutrophils.
monocytes and lymphocytcs arc pathologically altered

in the cour se of HIY dise ase . Furthermore, HIV-in­
fccted pat ients develop major defects in the immune
signaling sys tem, in particul ar the cyrokine-rnediator
system". Imbalances in the network of cytokincs may
ultimately trigger tile immune system collapse caused
by HIyH

. Abnormal cytokine production may explain
not only the immune defects in HIV infection. but also
the development of clinical abnormali ties , such as ca­
chexia, ence phalitis. Kaposi sarcoma and lymphoma".

For a long time, zidovudinc (AZT) and other nucle­
oside analogs were the only type of medication ava il­
able to slow the replication of HIY. However, they
were also associated with severe side effects, including
myelosuppression. Recent therapeutic protocols for
HIY infection have introduced cocktails of drugs that
counteract de 11OFO infection of cells (reverse tran scrip­
tase inhibitors) and prevent virus assembly in infected
cells (protease inhibitors) . This highly active anti-rctro-
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Fig . I. Model of immune reconstitution under highly active anti­
-rctrovira l therapy (HAART)

viral therapy (HAART) not only reduces viral burden
drastically, but also affects T cell dynamics?'. The
clinical benefits of HAART arc demonstrated by the
resolving of opportunistic infections and malignancies,
as well as declining hospital ization and mortali ty rates.
However, while substantial increases in CD4+ cell
count and functional improvement are observed in pa­
tients receiving HAART, normal values are generally
still not attained after 2 years of therapy, despite sus­
tained decreases in plasma viremiu to below detectable
levels" (Fig. 1).

Consequently, the aims of an approach to supportive
therapy for the immune system would include fort ifica­
tion of the non-specific immune system and an acceler­
ation of the increase in counts of functional CD4+ and
CD8+ cells by stimulation of lymphopoiesis w ithout
concomitant activation and without unfuvorablc inter­
actions with HAA RT drugs.

Granulocyte colony-stimulating factor (G-CSF) is
a hematopoietic growth factor and pivotal cytokine in the
immune mediator network. Recombinam human G-CSF
is available in different forms: filgrastim (trade names:
Neupogen. Gran) is expressed in Escherichia coli and,
therefore, unglycosylated; lenograstim (trade names:
Neutrogin, Granocyre) is expressed in CHO cells and
therefore, glycosylated. G-CSF has been approved for
the mobilization of stem cells for bone marrow trans­
plantation or the treatment of neutropenia, e.g. as
a consequence of chemotherapy. G-CSF is also ap­
prove d for the treatment of neutropenia in Hl Y-infectcd
individuals in some countries. However, neutropenia
has become a less frequent complication in HIY pa­
tients since HAART was implemented. In recent years,
a number of immunomodularory effects of G-CSF
treatment have been recognized which might aid im­
mune reconstitution in HIY patients. These are sum­
marized and discu ssed in this review.

The predominant neutrophil-stimulatory activi ty of
G-CSF has been studied most intensively so far. In
a number of settings, including various infectious dis­
eases, both the induced neutrophilia and the augmenta­
tion of neutrophil function have been found safe and,
in some cases, beneficial". The role ofG-CSr in infec­
tion and inflammation and the potential clinical uses of
G-CSF compared with those of granulocytc-macrophage
colony-stimulating factor (GM-CSF) are discussed in
detail in38. 39.

Data from animal models suggest that G-CSF may
also support the immune system in its defense against
diseases caused by opportunistic pathogens which are
relevant in AIDS patients. Prophylactic administration

Effects of G·CS F on Neutrophil Counts
and Functions and Innate Dcfcnsc

Neutropenia, Neutrophil Dysfunction
and Opportunistic Infections

Neutrophils pose the first line of immune defcnsc
against invading pathogens. Studies in cancer patients
receiving chemotherapy, which attacks all repl icating
tissue including leukocytes. have shown that the dura­
tion and depth of neutropenia is correlated with the risk
of infections . This also holds true for patients with ad­
vanced HIY infcction'", Until the advent of HAART,
neutropenia was common in the advanced stages of
AIDS (75-90%), often caused directly by the retroviral
infection, by antiretrovirul and other drug therapy, sys ­
temic infections, and auroimmune mechanisms!" :5. 68.

Furthermore, a number of functional defects of neu­
trophi!s have been reported for Hlv-infected patients,
including impaired chemotaxis, phagocytosis, oxidative
metabolism. intracellular enzyme activity and killing of
bacterial and fungal pathogens and Hlv-infected cells,
as well as accelerated apoptosis'" 26. 55. 61. 70. 71. 74.

Apoptosis and functional impairment of neutrophils
may further exacerbate the characteristic underlying
immune defects and, as with neutropenia, increase the
risk of secondary and/or certain opportunistic infec­
rtons": 7J. 74. These are, in turn, associated with
increased leve ls of prointlammatory cytokines and
concomitant viremia. a vicious cycle of virus replica­
tion and cellular activation in response to this replica­
uon": 49. 86. Infections associated with neutropenia and
neutrophil dysfunction in A IDS patients include bac­
teremia and fungemia, pulmonary aspergillos is,
pyomyositis, malignant external otitis, neutropenic en­
terocolitis and pseudomonas kcratitis'" 45. 46. 63, M
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of G~CSF befo re infection with Streptococcus pneu­
moniae significantly increased surv ival compared with
placebo treatment in rats and also in splenect omized
rnice'". This latter study was associated with decreased
numbers of viable pneumococc i recovered from tra­
cheobronchial lymph nodes from G-CSF~treated mice
compared with saline-treated cont rol mice. When
G~CSF treatment was initiated afte r experimental infec­
tion with S, pneumoniae in rats, survival was signifi­
cantly improved over control rats". Even immunosup­
pressed mice which received G-CSF after experimental
pulmonary infection with Pneumocystis carinii also had
increased survival compared with control mice that re­
ceived a placebo".

Also, the combination of G-CSF with antibiotics or
antifu ngal treatment seems to be more beneficial than
either treatment alone. LAzARD et al.:.4 showed that
G-CSF in combination with clarithromycin was more
effec tive than clarithromycin alone aga inst Mycobacte­
rium avium com plex-re lated lung and sple en infect ion
in mice. In a mouse model of disse minated candidiasis,
prophylactic or post infec tion treatment with G-CSF and
fluconazole resulted in increased surv ival and reduced
kidney tissue counts of Candida compared with mice
rece iving fluconazole or G~CSF alone.". The mechan­
isms underlying the survival benefits seen with G~CSF

administration in animal models of infection are most
likely multifacroriaf" .

Functional defects of neutrophils from patients with
HIV infection have been improved or corrected by in
vitro or ill vivo adm inist ration of G-CSF, Defective bac­
teria-ki lling capacity of neutrophils from patien ts with
AIDS or AIDS·related complex (ARC) was restored in
vitro as well as ex vivo28. n. G-CSF also corrected the
impairment of resp iratory burst of P. carillii-stimula ted
ncutrophils'". Ex vivo, antifung al act ivity of neutrophils
from HIV-infected pat ients was significantly enhanced
after administration of G-CS F. This correlated with
augmented supero xide anion and leukotriene produc­
tion in response to pathoge ns'S 8R. Accelerated spon ta­
neous ex vivo apoptosis of neutrophils from AIDS pa­
tients was reduced by incubation with G_CSF14

, Also,
cytotoxic function of neutrophi ls from AIDS patients
agains t HtV-infectcd cells was markedly augmented by
G-CS F ill vitro6,

Filgrastim treatment has been shown to reverse neu­
tropenia in HIV-infected patie nts and to decrease infec­
tion and increase survival without increasing viral
load27• 41-..43. 48. 64--67. &-I. A retrospective cohort ana lysis
found that G-CS F treatment for neutropen ia was asso­
ciated with prolo nged surv ival in Hl V-infected patients
with disse minated M. avium complex infection" . In-
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creased survival was also seen in the group of patients
who received clarithromycin and G-CS F versus clari­
thromycin alone". Furthermore, a recent study showed
that regula r administration of G-CSF (daily or intermit­
tent) can actually prevent severe neutropenia in patients
with HIV infection and that it reduces infection-related
morbidity".

Defects in Mon ocyte Function in HIVlA IDS

Both HIV-infected bone marrow stro ma cells and
monocytcs have shown a reduced ability to produce
G-CSF and other hcmatopcieric growth factors in re­
sponse to intcrlcukin la (IL-la) or lipopolysaccharide
(LPS). However, secretion of proinflammarory cyto­
kines (IL-l [3, lL-6, IL-8 and tumor necrosis factor
a-TNF-a ) was upregulated in comparison with the re­
sponse of uninfecred control cells": 22. eo. 69. As there
was no difference in the frequency or intensity of cell­
-associated immunocytochemical cytokinc staining be­
tween HIV and mock-infected monocyte-derived mac­
rophages. the altered cytokine release seems to result
not from dysregulated productive. but rather from de­
funct secretory activity". TNF-a and interferon y (IFN-y)
have also been shown to suppress proliferation of bone
marrow cens" and. like IL-6, enhance HIV replication
ill vitro 12, ». 75, This shift in the cytokine pattern may
contribute to the pathogenesis of HIV-mediated dis­
ease, e.g. by exacerba ting tissue damage associated with
oppo rtunistic infcctions-" ia, 25, 69,

The release of high levels of these proinflammatory
cytokines by isolated peripheral blood cells and tissue
macrophages from HIV-infected patients cultured in
vitro was observed in many, though not all, studies,
reviewed in22• However, ex vivo LPS-inducible mono­
kine release in whole blood from Hlv -infected patients
did not differ from that of normal or high-risk volun­
reers" .

Prolonged periods of afebrile neutropenia in lII V­
-seropositive individuals did not induce an increase in
G-CSF serum levcls'", which is the normal. adequate
response seen in I-IIV-negative neutropenic patients" .
However, elevated serum levels of proinflammatory cy­
tokines were detected in Hlv-i nfected patients in some
studies, thoug h one study reported normal concentra­
tions of cyrokines in serum, discussed in22

. 53. Chronic
production of monokines over the time span of many
years may be responsible for clinical manifestations such
as cachexia, as demonstrated by the aruicachetic effect re­
suiting from administration of anti-lL--6 monoclonal anti­
bodies to HIV-infec ted patients with lymphoma-" 86.
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Anti-Inflammatory Effe cts of G-CSF Might Limit
HIV Prog ress ion

Monoc ytes express G-CSF receptors':' and respond
[0 G-CSF in an anti-inflammatory manner. G-CSF ad­
ministered to healthy volunteers reduced the release of
proinflammatory TNF-a , IL- l ~ and IL-12 per mono­
cyte in respon se to LPS stimulation of whole blood ex

vivo. Furthermore, the release of the anti-inflammatory
soluble TNF receptors I and If as well as IL-l receptor
antagonist (Il.clra) was augmented' ?- 36, The reduction
in TNF-u and IL-12 release by monocytes by G-CSF
directly results in less activation of lymphocyres to pro­
duce the proinflammatory cytokine IFN-yD,

Both HIV itself and opportunistic infections over­
balance cyrokine regulatio n towa rds proinflammatory
cytokine production together with dimin ished growth
factor response. as described above. This suggests that
supportive therapy with a safe and well-tolerated hema­
topoieric growth factor such as G-CSF, which has anti­
-inflammato ry properties, might help to rebalance cy­
tokine relations and prevent infections by strengthening
the nonspecific defense system, as well as ameliorating
morbidity associated with proinflamrnatory cytoki nes
and breaking the vicious cycle of immune act ivation
and virus replication (Fig. 2). Although the suppressive
effect of G-CSF added in vitro on LPS-inducible TNF-a
and IFN-y formation in whole bloo d of normal volun­
teers was not found in blood of Hlv -infectcd patients " ,
this may be different when G-CSF is administered in
vivo to HIV-infected patients .

infection 7

T

Fig. 2. Putative effects of G-CSF on the innate immune system and
on HIV replication

Lymphopenia and Lymphocyte Dysfunction
in lIlVIAIDS

In contrast to CD4+ T lymphocyte depletion, the
hallmark of HIV infection, a pronounced expa nsion of

CD8+ T lymphocytes occurs early on during HIV in­
fection '", Anti-viral cytotoxic T lyrnphccytes (CTL)
cons titute the strongest mechanism by which the im­
mune system can partially control HIV spread during
the latency period by two mechanisms: killing of in­
fected cells, e.g. via perforin and granzymes , and re­
leasing soluble mediators wh ich interfere with viral
replication, e.g. RANTES, macrophage inflammatory
protein la and IW7. 20. Paradoxically, however, the CD8+
population becomes unresponsive to T cell signal ing ill
vitro and displays decreased ill vitro cloni ng potential
in the course of HIV infection . These findings suggest
an increase in ane rgic or apoptotic CD8+ T cells in
HIV-infected pcrsons-" 56.

The numbers of both naive and memory CD4 + and
CD8+T cells, including the HIV-spcciflc CTL precur­
sors, decline in the blood during HlV disease progress­
ion, reflecting alterations in T cell regeneration capac­
ity and virus-mediated cell death. The loss of memory
(spec ific) CD4+T cell reactiv ity against recall antigens.
which is an early event in HIY disease progression ,
results in increased suscep tibility to opportunistic infec­
tions and tumors. Primary responses of naive CD4+
cells towards new pathogens are suppressed even ear­
lier in the course of HIV disease- 23. 19. 59. 79. 81. 82.

Furthermore, the progression of HIV disease is
characterized by a major T cell activat ion, as assessed
by cell surface expression of various T cell activation
markers such as CD2S (the a chain of IL-2 rcccptor),
CD38 or HLA-DR, on both CD4+ and CD8+ T cells5.

Abnormalities in the activa tion and functio nal states of
B cells, macrophages and dendritic cells have also been
observed?' 16. 20, n. 53.

Based on the ir release of d ifferent combinations of
lymphokines, the Th cells have been grouped into Th I
and Th2 cells. The Th l cytokines , IL-2 and IFN~y, are
involved in stimulati ng the "ce ll-mediated responses"
that help the host eliminate cells infected with patho­
gens . In cont rast, Th2 cytckines, such as IL-4, IL~ I O

and others, activate antibody production. Attenuated
production of IL-2 in advanced Hl Y infec tion appears
to play a major role in the loss of Th cells. IL-2 is
considered to be the primary T cell growth factor . In
addition to stimulating the proliferation of CD4+ and
CD8+ lymphocytes in response to antigen act ivat ion,
IL-2 also enhances cytolytic and oncolytic activity of
supp ressor cells, augments natural killer cell ac tivity,
and increases lFN-y production. Moreover. IL-2 forma­
tion by CD4+T cells appears to be mandatory in main­
taining CD8'" T cell control of virus replication". A re­
duction of Thl type lymphokinc (i.e. primarily IL-2)
and concomitant increase of Th2 type lympbokine



(such as IL-4 and IL- lO) production in response to mi­
togens. such as phyto hemagglutinin (PHA), alloanti­
gens, tetanus toxoid, etc., was suggested to characterize
and predict the change from asymptomatic HIV infec­
tion to AIDS. However, there is also contrad ictory evi­
deuce!': 15. 16. 32. 58, 78.

The addition of IL-2 in vitro to cultures of periph­
eral blood mononuclear cells (PBMC) from HIV-in­
fected individuals initiated a polyclonal expansion of
CD4+ and CD8+ cells and partially or completely re­
stored certain defective cellular immune responses,
including the proliferative response to antigen stimu­
lation, and reduced the spontaneous and activation-in­
duced programmed cell death, but was also associated
with increases in HIY replication and spread": 49. Treat­
ment of CD8+cells from long-term survivors with the
Th l cytokine IL-2 enhanced their anti-HlV activity,
whereas exposu re of these cells to the Th2 cytokines
IL-4 or IL-lO reduced their ability to suppress HIY
replication and to produce IL_29

•

In a number of clinical trials, the administration of
antiretroviral agents plus IL-2 produced either transient
(less than I year)S5. 90 or sustained (1-3 year)so. 83 in­
creases in CD4+T cell numbers in asymptomatic HIY­
-infected individuals . Among the functiona l responses
reported to be increased during and, in some cases, after
cessation of IL-2 treatment were natural kille(>2· S3. 85. 9U

and lymphokine-act ivated killer activity'" ss, delayed
type hypersensitivity", major histocom patibility com­
plex (MHC)-restricted HIY-specific cytotoxicity'" 90

and in vitro proliferative responses to IL-2 and mi­
togcn" . Increases in numbers of eosinophils, CD8+and
CDI6+cells have also been reported'S 62. Transient in­
creases in the express ion of activation markers (CD38
and HLA-DR) were reported for both CD4+ and CD8+
cells, and an increase of CD25 (a chain of the IL-2
receptor) expression was sustained for months after dis­
continuation of IL-2 therapy". Sustained increases in
viral burden were observed only in HIv-infecred indi­
viduals with <200 CD4+ T cclls/ml'", also reviewed
in49

• Although IL-2 treatment seems to hold some
benefit for HlY-infected patients, one must consider
that IL-2 induces clonal proliferation of lymphocytcs in
the periphery and not production of new lymphocytcs
in the bone marrow and thymus . In this sense, it risks
inducing the replicat ion of infected cells without
promising to patc h up the holes in the speci fic im­
mune system by increasing the diversity of healthy
lymphocytes.

liS

Effects of G-CSF on Lymphocyte Counts
and Functions

We conducted a study" where 24 healthy volun­
teers were randomized to receive G-CSF (filgrastim 75,
150, 300 ug/d) or a placebo for 12 days . Daily blood
samples were assayed for JL-2 production and lympho­
eyre proliferation in response to anti-CD3 antibodies
(OKT-3), PHA, or staphylococcal enterotoxin B (SEB).
Volunteers receiving filgrastim showed a transient
dose-dependent lymphocytosis with a doubling of
CD4+ cells by day 8. Twenty four hours after the first
injection of filgrastim, ex vivo IL-2 release by OKT-3­
-stimulated PBMC was increased by 110% in the group
receiving 300 ug filgrastim. Lyrnphocyte proliferation
was augmented in response to PHA or OKT-3, though
not to SEB, by 50% 24 h after the first injection of
filgrastim. At later time points, however, proliferation
was suppressed in comparison to placebo values.
A suppression of lyrnphocyre proliferation was also de­
scribed when serum from healthy volunteers receiving
G-CSF was incubated with allogeneic lymphocytes
stimulated with PHA~o and when PBMC from G-CSF­
-treared breast cancer patients were stimulated with the
mitogens PHA, anti-CD3 and concanavalin A76

. In the
latter study, a tendency towards a decreased prolif­
erative response was already noted 24 h after the first
injection of G-CSr which was more pronounced (p ~

0.05) after 4 days of treatment. No changes in IL·2
production were observed in either of these two studies.

The observation that both the numbers and the pro­
liferative response of lymphocytes were initially
augmented but then decreased under prolonged G-CSF
therapy suggested that intermittent administration of
G-CSF might be more effect ive in boosting this activity
to stable, higher levels. Therefore, we treated 4 groups
of 6 healthy volunteers each with different regimens of
filgrastim over the time period of 8 weeks. One group
received saline only, onc group received 300)lg filgras­
tim once per week, another group was given fllgrustim
3 times per week on alternate days, and the last group
received filgrastim for 5 consecutive days in week
I and week 5, otherwise saline. An increase in lympho­
eyre counts could only be attained by daily injection of
filgrastim. not by intermittent treatment" . We found
that the doubling of lymphocyte counts in the group of
healthy volunteers that received fi!grastim for 5 conse­
cutive days resulted from proportionate increases in Th,
cytotoxic T, natural killer (NK) and B cells, suggesting
that G-CSF promotes the production of new cells in the
bone marrow, not lymphocyte proliferation in the pe­
riphery. The expression of activatio n or prolifera tion
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markers on T cells was unchanged or slightly decreased
and the proliferative response and IL-2 production of
isolated mononuclear cells ex .,jvo were unchanged.
thus supporting this hypothesis. Lymphocyte counts
had returned to baseline by the next measurement
1 week later" . Further srudies are required for the
adaptation of treatment regimens and doses originally
established for neutropenic cancer patients after che­
motherapy to the requirements of non-neutropenic HIV
patients. Perhaps cyclic treatment schedules, where
G-CSF is admin istered for e.g. 5 consecu tive days foll­
owed by e.g. 2 days break, or treatme nt with the new
longer- lasting form of G-CSF curre ntly being tested in
clin ical trials, may offer an effecti ve strategy for maxi­
mizing the increase in Iymphocyte counts by G-CSF
treatment,

In a study conducted by our group. blood samples
from 31 Hl V-infected patien ts as wel l as normal vol­
unteers and 8 subjects at high risk for HIV infection
due to intravenous drug use were collected" and stimu­
lated with SE B in the presence or absence of G-CSF in
vitro. Whole blood fro m patients with advanced HIV
infection showed reduced IL-2 release in the presence
of SEB. whic h was part ially restored in the presence of
G_CSF31.

The phenotype and functional capac ity of progenitor
cells mobilized by G-CSF were co mpared with those
of unprimed progenitor cells co llected from the same
patients prior to treat ment. Ten HIV patient s received
300 ug filgras tim per day for 5 consecutive days. The
absolute numbers of imm ature and T cell progenitors
d id not increase and the mean number of Iymphocytes
generated per C034+ ce ll in a thym ic organ culture de­
creased. Also, the number o f CD4+ ce lls generated per
CD34+ce ll was significantly reduced after G-CSF treat­
mem" .

Although studies of G-CSF effec ts in patients with
HIV have previously focu sed on changes in neutrophil
levels. an approxi mate doubling of total Iymphocyte
count. C04+ and C08+ cell numbers. augmented lyrn­
phocy te pro liferative response. and increased bone mar­
row ce llularity have bee n reported follow ing the dai ly
use of escalating concentrations of G-CSF alone or in
combination with erythropoietin in neutropenic and
anemic Hlv -infected patients. Although opportunistic
infections occurred in 14 of the 22 pat ients. these were
treated successfu lly with myelosuppressive antimicro­
bial agents without develop ment of neu trope nia'". Sev ­
eral other studies have also demonstrated increases in
lymphocytc, NK ce ll. C04+ and C08+ counts in neu­
tropenic HIV patients under daily43. 1(0 or inte rmittent
(thrice weekly 5 ug/kg subcutancousj" G-CS F therapy.

However. in another study with twelve neu trope nic pa­
tients with AIDS or ARC who received da ily subcuta­
neous injections of G-CSF in a weekly increasing dose
(0.4-10 Jlglkg) with 4 weeks of subsequent main ren­
ance therapy. neutrophil and monocyte cou nts in­
creased. but no effects on Iymphocyte counts were ob­
served".

In a recent randomized, double blind. placebo-con­
trolled study. filgrastim was given to 30 Hlv -infected
patients who had been on HAART for atleast 6 months
but still had a CD4+ Iymphocyte count smalle r than
350/Jll. The patients rece ived either 300 ug f ilgrastim
thrice week ly for 12 weeks or a placebo. A significan t
increase in absolute numbers of circu latin g C034+cells
as well as their co lony-fo rmi ng unit capacity was de­
tected in the trea tment group. G-CS F trea tment en­
hanced the total Iyrnpbocytc count and increased C03+.
C04+and C08+T cell cou nts as we ll as natural kill cell
numbers. The increases in C04+ and C0 8+ ce lls re­
sulted from increases in C0 45RO+ memory T cells and
cells exp ressi ng the activa tion marker C038. Th ere was
no correlat ion between the numbers of progen itors and
the CD4 cou nt. There were also no signi fica nt changes
in the expression of ac tiva tion markers C025 or C069.
Lyrnphocyte pro liferat ive responses to PHA and Call­
dida antige n decreased. whereas N K cell activi ty and
plasma HIV RNA did not change. Also . there was no
change in the mea n telo mere length in PBM C. All cell
counts and immunological parameters had returned to ba­
seline values 12 weeks after cessat ion of treatment': 3. 7J.

In a follow-u p study, treatme nt-naive Hlv -infected
patients were randomized to receive either a placebo or
filgrastim (300 pg, 3 times a wee k) for 12 wee ks and
HAART simultaneously. The study was terminated pre­
maturely because one patient developed severe cnce­
phalopathia . Until then , 6 patients had been treated with
G·CSF and 5 with placebo. CD4+ memory and C0 8+
naive and memory T ce lls increased in res ponse to
HAART and there was a trend towards more pro­
nou nced increases in the G-CSF group. NK ce lls in­
creased significantly more in the G-CSF group. How­
ever. plasma HIV RNA decrease was less pro nou nced
in the group tha t received G-CSF and rebounded in
2 patients of the G-CS F group despite compliance with
HAART drugs. although it ca nnot be determined
whe ther this was due to the G·CSF treatment or res ist­
ance devetopmenr'. Furt her investigatio ns of these pa­
tients also showe d that. although the telomere lengths
of PBMC from patient s on HAART alo ne increased.
this was not observed in the group that received G-CSF
in addition to HAARr .

The analysis of the types and capacity of progenitors



recru ited by G-CS F and of the telomere leng ths in
PBM C have indicated that G·CSF may induce produc ­
tion of new Iymphocytes, red istribution of lymphocytes
from the Iymphoreticular sys tem. and proliferation of
peripheral lymphocytes. However. the mechanisms by
which these d iverse actions might be achieved are un­
known.

Summary a nd O utloo k

The advent of HAART has revolutionized
HIV/AIDS therapy and co ncomitantly the prospects of
Hl V-infected patients. Still, our knowledge of the
changes in the immune status unde r HAART is limite d.
The main factors that are moni tored arc Hl V RNA plas­
ma levels and CD4+ cell counts, sometimes also some
lymphocyte functions such as the react ion to recall anti­
gens. The innate immune sys tem is the first line of
defense aga inst infections. However. we are not aware
of studies which additiona lly mon itored the change of
status of the innate immune system under HAART,
i.e. neutrophil functions and cytokine release. Such
data are necessary for a clear defi nition of the requi re­
ments to be fulfilled by adjuvent thera pies. Patients
who do not respond to HAART or who develop resist­
ance to the drugs should be evaluated separately in their
requirements for immune support.

Building on the info rmation ava ilable , G-CSF
seems a good candidate to aid immune reconstitution .
Benefit s to patients might include :
• prevent ion of neu trope nia due to HIV infect ion or

myelos uppressive drugs; substitution of impaired G­
-CSF production,

• improved defense agai nst opportunistic bacterial
and fungal infections by induction of neutrophil ia,
improvement of neutrophil functio ns, balanci ng and
stre ngthening of the non-specifi c immune system,

• increases in lymphocyre counts , including recovery
of CD4+ cell counts. and pro tect ion against oppor­
tunistic diseases by reconstitu tion of the spec ific im­
mune system.

• restora tion of IL-2 formation and Iymphocyte pro­
liferation in response to antigens and mitogens.

• attenuation of virus replication by reduction of pro­
-inflammatory cytokine release.
To investigate the potential of G·CSF as an adjuvant

therapy for immune reconstitution in HIV patients, tai­
loring of the dosa ge, appli cation regimen and timing in
relation to the onset of HAART drugs is still outstand­
ing. The longer-lasting form of G-CS F may offer new
possibilit ies in this respect. So far, treatment regimens
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of G·CSF were designed 10 overcome neut ropenia, but
despite this focus, prom ising effects as to a broader
immune reconstitution were observed. There findings
call for clinical studies exploiting the immunom odula­
rory properties of G-CSF on various leukocyte subsets.
In such trials a comprehens ive immune status analysis
should be performed to evaluate the effects of G-CSF
on both the acquired and the innate immune syste m.
e.g. response of monocytes and neutrophils to bacterial
stimuli. On ly with all this information can a clear
eval uatio n of G-CSF administra tion in these set tings be
made. G-CSF treatment in HIV patients migh t pro ve to
have impact far beyond fighting neutropenia.

Referen ces

I. ALADDlN11.,UI.LUMH., OAM NIELSEN S., ESPERSEN C, MATH·
IESEN L.. KAl7.ENSTEIN T. L., GEI!.Sru~T I ., $KINHOJ P. and
PEl>ERSEN B. K. (2000); Granulocyre colony-stimulating factor
increases CD4+ T cell counts of human immunodeficiency
virus-infected patients receiving stable, highly active antirerro­
viral therapy: results from a randomiz.ed. placebo-controlled
mal. J. lnfccl. Ois., 181. 1148-11 52.

2. ALADOIN H.. Uu.uM H.• KATZENSTEIN T.. GERSlUH J.• SKIN·
HOJ P. and KLARLUND PEOERSEN B. (2000): Immunological
and virological changes in amirct rovua l naive human immuno­
deficiency virus infected patients random ized to G-CSF or
placebo simultaneously with initiation of HAART. Scand,
J. Immunol., 51. 520-525.

3. ALADOIN H.• Uu.ua H.• 5cHJERUNG P.. S KOV JE.""SEN M.• OAM
Nlf.lSE.'1 S., MAllUESEN L..GERSTOFT J.. SKINHOJ P . and KLAR·
LUNO PEOERSEN B. (2000): Effects of G·CSF on telomere
lengths in PBMCs from human immunodeficiency virus-in­
fected patients: results from a randcmized, placebo-controlled
trial. Scand. J. lmmunol., 52 , 2 12- 216.

4. ALADDlN H., VONEsSE:-I M., SCHJERLlNG P., KATZENSTEl NT.,
GERSTOFT J., SKINHOJ P., KLARI.UND PEDERSEN B. and ULLUM
I!. (2001) : Tic ell mean telomere length changes in treatment
naive Hlv-infecred patients randomizcd to G-CSF or placebo
simultaneously with initiation of HAART. Scand. J. lmrnunol.,
5.\. 30 1- 305.

5. AtrrRAN B., CARCELAIl\'T G., 1.J T. S., GOROCHOVG., BLANC
C., RENAUD M.. DURAU M., MAlllEZ D.. CALVEZ V.• UlBQ.
WtTCH J., KAl1Jt MAC. and DEBRE P. (1999): Restoration of the
immune system with anti-reuoviral therapy. Immunol. Len., 66,
207-2 1J.

6. BALDWIN G. C.. FuLLER N. D., ROBERTS R. L.. Ho D. O. and
GoLoE O. W. (1989); Gran ulocytc- and granuloc yte-macrc­
phage colony-stimulating factors enhance neutrophil cytotox­
icily toward Hlv-intected cells. Blood , 74,1 673-1677.

7. BALDWIN G. C., GASSON J. C.. QUAN S. G., FlLISCI-IMAN:'Il J.,
WEISBART R., OETIE D.. MlTSUYASU R. T. and GoLDe D. W.
(1988); Granulocytc- macrophage colony-sumu laung factor en­
hances neutrophil function in acquired immunodeficiency syn­
drome paticnts. Proc. Nail. Acad. Sci. USA, 8S. 2763-2766.

8. BALTER M. (1995): AIDS research. Cymkincs move from the
margins into the spotlight. Science, 2611. 205-206.

9. BARKER E., MACKEWICZ C. E. and LEVY J. A. (1995): Effects



11 8

of THI and TH2 cytokines on COS· cell response against
human im munodeficiency virus: implications for lon g-term su r­
vival. Proc. Natl. Acad. Sci. USA. 92 , I J 135-11139.

10. BERN STEL" Z. P., PoRTER M. M.. GoULOM.. I.JPMAN B.• Bt.u.
MAN E. M., STEWART C. C•• Hewrrr R. G., FYFE G.. PorESZ
B. and C"UG IURI M. A. (1995): Prolonged administration of
low-dose interlcukin-2 in human immunodeficiency virus-asso­

ciated malignancy results in selec tive expansion of innate im­
mune effectors without significant clinicalroxicuy. Blood , 86.
3287-3294.

11. B1NOEl..S P. 1., KROL A., RODS M ., VEE."S'TRA J.• VAN oex
HO£K J. A. , M IEDE.\ IA F. and counsuo R. A. (1995): The pre­
dictive value of T cell function in vitro and pre.AIDS zido­

vudine use for survival after AIDS diagnosis in a cohort of
homosexual men in Amsterdam. J. Infect. Oi5.. 172. 97- 104.

12. B1SWAS P., Pou G., ORE~STEL'I J. M. and FAua A. S. (199 4):
Cytokine-medimed induction o f human immunodeficiency
virus (Hlv) expression and cel l death in chronically infected U J

ce lls: do tumor necrosis factor alpha and gamma interferon
selec tively kill Hlv-infectcd ce lls'? J. Yim!., 6H. 2598-2~.

13. BONEBERG E. M .. HARENG L, G ANTNER F., W ENDEl A. and
HARl1JSG T. (2000): Human monocyr es express func tion al re ­
ceprors for granulocytc colony-stimulating factor that medi ate
suppression of monoldnes and interferon-gamma. Blood. 95 ,
270--276.

14. BORNEMAS.'1 M. A.. VERHOEF J. and PETERsos P. K. (1997):
Mac roph agcs . cytokincs. and HIY . J. Lab. Cnn. Med. , 129,

10-16.
15. CLERICI M., BALOTI A C., MERONI L.. FERRARIO E., RIVA C..

TRABATIONI D.. RIDOLFO A., VII.LA M., SHEARER G. M., Mo ­
RONt M. andGALU M. (1996): Type I cyto kine production and

low prevalence of viral isolation co rrela te with long- term non ­
progression in m y in fection. AIDS Res. Hum . Rerrcviruses,

12. 1053-1061.
16. CURia M. and SHEARBl. G. M. (1994): The Th I-Th 2 hypo ­

thesis of HI V infection: new ins ights. Immunol . Today, 15.
575-581.

17. COCCHI F., DEVICO A. L, G ARz INo -Demo A., ARYA S. K.•
GALLa R. C. and Lusso P. (1995): Identification of RANTES,
M IP-I alpha, and M IP-I beta as the major Hl v -supprcssive

fac tors produced by CD8+ T ce lls . Science, 27 0, 18 11-1815.
18. COFFEY M. J., PllARE S. M., GEORGE S., PETERS-GOLDEN M.

and KAzA.'lJlA~ P. H. (1998): Granulocyte colony-st imulating

factor adm inistration to Hl V-infected subjects augments re­
duced leukotriene synthesis and anticryprococcal activi ty in

neutrophils. J. C lin. Invest.• 102 . 663-670.
19. COYl.ET. E. (1997): He matologic complicat ions of human im­

munodeficiency virus infection and the acquired immunodefi­
ciency syndrome. Med. Clin . Nort h Am., 8 1, 449-470.

20. EMILlE D., R Oil R., ]ARROUSSE B.• MARFAING-KOKA A., MEII·
111101'1 D.. DEVEIIGNE 0 .. CREVON M. C., MAILW1' M. C. and
GALANAUD P. ( 1994) : Cytokincs in Hl v infec tion . lnt. J. Im­

muno pharmacol .. 16. 39 1-396.
2 1. EssER R., G U8'OKE W., A.'lDREESEN R., UNGER R. E.. KREt.rrz

M., RUBSAMEN-WAIGMASS H. and vox BRlESE."I H. (1998): In­
dividual cell analysis of the cyrckine repe rtoire in human immu­
nodeficiency virus- I-infected monocyteslmacrophages by
a combination of immunoc ytoc hemis try and in silu hyb ndiza­

tion. Blood. 91, 4752-4760.
22. EsSER R.• G UENKE W., VON Bltt ESEN H., RUBSAMEN-WAIG·

MAN N H. and ANDItEESEN R. (1996): Differential reg ulation of

proinflammatory and hematopoietic cytckines in hu man macro­
phages afte r mrecuoo with human immunodeficiency virus.
Blood. 88_3474-3481.

23. EYlJ\R E. H.• BAEZ L YAZQUEZ A.. COLO~·MARTlSEZ S. L
and YA!'.I AMURA Y. (199 5): Suppre ssed pro liferative respon se
and interleukin-Z production in bispanic H1Y+ and AIDS 'r-eel!
subsets. Cell. Mol. BioI. (Noisy-le-gra nd), 4 1, 525- 33.

24. FAUCI A. S. (I9%): Host factors and the patbogencsis of HIV­
-induced disease. Nature , 384, 529-534.

25. FRUMKIN L R. (1997): Role of granulocytc colony-stimulating
factor and granulocyte-macrophage colony-stimulating factor in
lhe treatment of patients wit h HIV infec tion. CUlT. Op in. He ma­
tol., -t 200-206.

26. GABRJLOVICH D.. lvAs o vA L., SEREBIIOVSKAYA L, SHEPEI£VA
G. and Po KROVSKY Y. (1994): Cli nical sign ificance of neutro-­
phil functional act iv ity in HIV infec tion . Scand. J. In fect. Dis..
26 , 4 1-47.

27. GAII.AVELLl P. Land BERll P. (199 3) : Efficacy of recombinant
granuloc yte co lony-s timulat ing factor in the long- term treat ­
ment of AIDS-related neutropenia. AIDS, 7, 589-590.

28. GEORGE S.• COI-HY M.• Crstt S., COLLi:'lS J" BItOWN M. and
KWAZA~JlA~ P. (1998): Neutrophils from AIDS patients treated
with granulocyte colony-stimulating factor demonstrate en­
hanced kill ing of Mycobocu rium avium. J. Infect. Dis.. 178 .
1530-1533.

29. GouGEON M. L . LECOEUR H. and SASAKI Y. (1999 ): Apo p­
tos is and the COO5 system in HIY disease: impact of highl y
active ami-rcrrcviral therap y (HAART). Immuno l. Leu., 66.
97-103.

30. GRAYBILL J. R., BOCANEGRA R. and LUTHER M. (1995): Anti ­
fungal combin ation therapy with granu locy rc cotony-stirnulat­
ing factor and flucon azole in experimental disseminated candi­

diasis . Eur. J. Chn. ~i icrobiol . Infect . Dis., 1-1 . 700-703.
31. GRl.ITI.RS R. A.• TElI.P$TRA F. G., DE JO....G R.. VAN NOE.sa

C. J. ~1 .• VA.... LIF.R R. A. W. and MIEDE\IA F. (1990): Selec­
tive loss ofT cell functions in different stages of mv infection.
Earl y loss of anti-CD3 -indueed T cell prol iferation followed by
decreased ant i-CD3-induced cytotoxic T lymphocyte gener ­

ation in AIDS·relatcd complex and AIDS. Eu r. J. 1mmunol., 20 .
1039-1044.

32. HAGIWARA E., SACKS T. , LEITM AN-KuNM AN S, F. and KLIN·

MAN D. M. (1996): Effect of HIV infection on thc frequency of
cytokine-secrcting cells in human peripheral blood. AIDS Res.

Hum. Rerro viruses . 12. 127-133.
33. HAS X., BECKER K., DEGEN H. J.• JABl.IDlOWSKI H. and

STROHMEYER G. (1996): Synergistic stimulatory effects of tu­
mou r nec rosi s factor al pha and interferon gamma on replication
of huma n immuood efici ency virus ty pe I and on apcptosis of
HIV-I-infected host cell s. Eur. J. Cli n. Invest., 26, 286-292.

34 . HARTUNG T . (1999 ): Immunornod ulation by co lony-stimulat­

ing factors . Rev. Physiol. Bioc hcm . Pharmacol., 136. 1-164.
35. HARTUNG T .. DOECKE W. D., flUNl)SCHUlI 0 .. roore M. A.•

GANTNER F., lI ERMANN c.. LENZ A., MILWEE 5., RICH B..
St MO.'l B., VOLK H. D., vox AULOCK S. and WE~DEl A. (1999):
Effect of filgrastim trea tment on inflammatory cytokines and
lymphoc yre functions. Clin. Pharmacol. Th er., 66 . 415-424.

36. HARTUI';GT., OoECKE W. D., GA.'l'ThER F.. KRIEGER G.. SAtJER A.,

STEVE.-';S p .. YOlK H. D. and we-on, A. (1995): Effect of gra­

nuloc yte colony-stimulating factor trea tment on ex \'ivo blood
cytckine response in hum an volunteers . Blood, 8S, 2482-2489.

37. HARl1JNG T.. PITRAK D. L., FOOTE M.. SIlATZIiN E. M" Vu-



RAL S. C. and WENOEL A. {I 998): Filgrasurn restores inter­
leukin-2 production in blood from patients with advanced
human immunodeficiency virus infection . J. Infect. D!s.. 17H.
686-692.

38. HARTUNG T., VON AULOCK S. and WENDEL A. (1998): Role of
grenulocyrc colony-stimulating factor in infection and inflaru­
mation. Med. Microbiol.fmmunol., I1l7, 61-69.

39. HAl(l\JNG T.. VO:-l AULOCK S. and WE."IDEL A. (2000): Growth
factors G-CSF and GM-CSF: clinical options. In BAUE A. E..
FAtST E. and FRY D. E.: Multiple organ failure - pathophysio­
logy, prevention and therapy. Springer. New York- Bcrlin - Hci­
delberg, 621-629.

40. HEBERT J. C., O'REtLLY M. and GAMELLt R. l. (1990): Protec­
tive effect of rccombinnnt human granulocyte colony -stimulat­
ing factor against pneumococcal infections in splenectomized
mice. Arch. Surg., 125. 1075--1078.

41. HENGGE U. R.. B!(OCKMEYER N. H. and noos M. (1992): Ora­
nulocyte colony -stimulating factor treatment in AIDS patients.
Cfin. lnvest.. 70. 922-926.

42. HERMANS P. (1995): Hacrnuropoietic growth factors as supper­

rivc therapy in Hlv-infecred patients. AIDS. 9 (suppl. 2). 59­
514.

43. HERMANS P.. ROZENBAUM W., Jou A.. CASTELLt F., BORLEfFS
J., GRAY S.. WARD N.. GORI A.. DE BONA A.. FERREc.. loNeI'.
M., LANG J. M., AMMASSARt A. and CLUMECK N. (1996): Fil­
grasum to treat neutropenia and support myclosupprcssivc
medication dosing in III V infection. G-CSF 92105 Study
Group AIDS. 10, 1627-1633.

44. IEKl R.. FURUTA T., ASA:-IO S.. MORI S., KUDOH S., KIMURA
H. and TAKAKU F. ( 1989): Effect of rccombtnnnt human granu­
locyrc colony-stimulating factor on Pneumocystis carinil infec­
tion in nude mice. Jpn. 1. Exp. Med., 59. 51-58.

45. JACOHSON M. A.. LIU R. C.. DAVIES D. and COHEN P. T.
(1997): Human immunodeficiency virus disease-related ncu­

rropcnia and the risk of hospitalization for bacterial Infection.
Arch. Intern. Med.. 157, 1825~1831.

46. KEISER P., HICGS E. and SMITH J. (1996): Neutropenia is asso­
ciated with bacrercmia in patients infected with the human im­
munodeficiency virus. Am. J. Med. Sci., 312. 118- 122.

47. KEISER P., RAllEMACHER S.. SMITH J. and SKI EST D. (1998):
G-CSF association with prolonged survival in HIV-infcctcd pa­
tients with disseminated Mycobacterium avium complex infec­
tion. lm. J. STD AIDS, 9, 394-399.

48 , KElSER P.. RADEMAClIER S., SMITH J. W., SKIEST D. and
VADDE V. (1998): Granulncyte colony -stimulating factor use is
associated with decreased bacteremia and increased survival in
neutropenic Hfv -infccted patients. Am. 1. Med., IO·t 4&-55 .

49 , KINTER A. and FAUCI A. S. (1996): lmcrlcukin-Z and human
immunodeficiency virus infection: pathogenic mechanisms and
potential for immunologic enhancement. Immunol. Rcs., 15,
1-15.

50. KOVACS 1. A., BASELER M.. OEWAR R 1., YOGEL S., DAVEY R.T.
JR., FALt.OON J., POLlS M. A.. W."'LKER R. E.. STEVE:-JS R.,
S,\LZMAN N. P., METCALf J . A.. MASUR H. and LANE H. C.
(1995): Increases in CD4 T lymphocytes with intermittent
courses of interleukin-2 in patients with human immunodefi­
ciency virus infection. A preliminary study. N. Engl. J. Med.,
332. 567-575.

51. KOVACS J. A., VOGEL S.. METeAL!' J. A., BASELER M.. STE­
\lENS R., ADELSBERGER 1., LEMPICKI R.. HEI'GEL R. L., seesn I.,
LAMBERT L.. DEWAR R. L., DAVEY R. T. JR.. WALKER R. E..

119

FALLOO:-J J.. POllS M. A., MASUR H. and LA :-IE H. C. (2001):
Interleukin-2 induced immune effects in human immunodefi­
ciency virus-infected patients receiving intermittent interleukin-2
immunotherapy. Eur. J. lmmu nol., 31. 1351~1360.

52. KtJRrrI.KF.S D. R., PARENTI D., WARD D. J., RACHusA" WO~G
R. J.. MALLDN K. P., R1CIl W. J. and JACOBSONM. A. (1998):
Pilgrastim prevents severe neutropenia and reduce, infective
morbidity in patients with advanced IIIV infection: results of
a randomized. muhicenter. controlled trial. G-CSP 930101
Study Group AIOS. 12. 65-74.

53. LATHEY J. L.. KANAl'iGAT S.. ROUSE B. T., AGOSTI J. M. and
SPECTOR S. A. (1994): Dysregulation of cytokine expression in
monocytcs from Htv-positivc individuals. 1. Leukoc. BioI., 56 .

347-352.
54. LAZARD T.. PERRONNE C., COllEN Y., GROSSET J.. VILDE J. L.

and PoclDALO J. J. ( 1993): Efficacy or granulocyrc colony-stimu­
lating factor and RU-40555 in combination with clarithromycin
against MycobaeteriUIIl al'illlll complex infection in C57BU 6
mice. Anumicrub. Agents. Chemother.. 37, 692---695.

55. LAZlARIN A., UOE\l.T1 FOPPA C.• GALLt M.. MANTOVANI A..
POll G.• FRANZElTl P. and NOVATI R. (1986): Impairment of
polymorphonuclear leucocyte function in patients with acquired
immunodeficiency syndrome and with lymphadenopathy syn­
dromc. Clin. Exp. lmmunol., 65, 105-111.

56. LEWIS D. E.• TA:-IG D. S.. ADU-OPPO:-IG A., SCHOBER W. and
RODGERS J. R. (1994): Anergy and apoptosis in CD8+ T cells
from Htv -infected persons. J. lmmullol.. 153, 4 12-420,

57. LlSTER P. D.• GI'NT\l.Y M . J. and PREHEIM L. C. (1993): Granu­

locytc colony-stimulating factor protects control rats but not
ethanol-fed ruts from fatal pneumococcal pneumonia. J. Infect.
Dis., 168, 922-926.

58. MAGGI E. and ROMAGNANI S. (1995): Role ofT cell derived

cytokines in HIV infection. J. BioI. Regul. Homeost. Agents .
9. 37-4 1.

59. MANCA F.. FENOGLlO D., Lr PJI{A G.• GENNARI F.. DEL PUP L.
and PALU G. (1999): Rational reconstitution of the immune
repertoire in AIDS with autologous, antigen-specific, ill vitro­

-expanded CD4 lymphncytcx. Immunol. Len., 66 . 117-120.
60 , MAUSS S.. STEINMETZ H. T., JABLONOWSKI H. and HAUSS­

INGER D. (19%): Lack ofinduction of granulocyte cclony-stimu­
Iating factor in human immunodeficiency virus-seropositive in­
dividuals. Blood, 88. 1897- 1898.

61 . MAZZONE A.. RICEVLrt'l G.• FlORAvANTI A.. PSAOlTt D., vrrro
A. R., GAMBA G.. DEGIULlO R., SACCHI S. and NOTARIO A.
(1989): Defective phagocyte functions in HIV patients. Med.

Bio!. Environ .• 17, 245-251.
62. McMAIlO:-l D. K.. AR~ISTRONG 1. A., HUANG X. L., RI:-lALDO

C. R., JR., GUPTA P., WIIITESIDE T. L.. PAZtN G. L, TRIPOLI C.
and Ho M. (1994): A phase I study of subcutaneous rccombi­
nant interlcukin -2 in patients with advanced HIV disease while
on zidovudinc. AIDS. 8. 59---66.

63. MEYER C. N., SKINllOJ P. and PRAG J. ( 1994): Bactcremia in
Hlv-positivc and AIDS patients: incidence, species distribu­
tion. risk-factors. outcome, and influence of long-term prophy­
lactic antibiotic treatment. Scene. 1. Infect. Dis., 26. 635-642.

64. MILES S. (1995): The use of hematopoietic growth factors in
treating HIV infection. Curr. Opin. Hematol.. 2. 227-233.

65. MILES S. A. (1992): Hernatopoietic growth factors as adjuncts
to antirctroviral therapy. AIDS Res. Hum. Rcrroviruscs, 8.
1073-1080.

66. MILES S. A., MITSUYASU R. T.. MORENO J., BALDWIN G.,



120

AlTO~ N. K.. SotrLA L. and GLASPY J. A. ( 199 1): Combined
therapy with recombtnent granulocyte colony-st imulating factor
and erythropoietin decreases hemarologic toxicity from lido­
vudine. Blood, 71 . 2109-2117.

67. Mrrsuyi\SU R. T. ( 1994): Clinical uses of hematopoietic
growth hormones in HIV-retated illnesses. AIDS Clin. Rev., 94.
189-212.

68. MOORE R. D., KERULY J. C. and CHAISSQN R. E. ( 1995): Neu­
trcpenia and bacterial infection in acquired immunodeficiency
syndrome. Arch. Intern. xted.. 155, 1965-1970.

69. Moses A . V., WlLUA.\IS S .• HE."IEVEW M . L . STRUSSE.'';BERG J.,
RAllleK M ., tova.sss M ., B AGBY G. and NEL'iONJ. A. (1996) :
Human immunodeficiency virus infection of bone marro w en­

dothelium reduces induction of stromal hcmatopoicuc growth
factors. Blood . 87 . 9 19-925.

70. MURPIlY P. M., LANE H. C; FAUe l A. S. and G ALLIN J. I.
(19X8): Impairment of neutrophil bactericidal capacity in pa­
ticnts with AIDS. J. Infect. Dis., 15K. 627-630.

71. Nt EI_~ tiN 11.• KH AR AZMl A. and FABER V. (1986): Blood mono­
cyte and neutrophil functions in the acquired immune defi­
ciency syndrome. Scand. 1. lmrnunot., 2-1. 29 1-296.

72. NtELSENS. D.. CU.RKD. R., HUTCtUNGS M., DAM-LARS£''' S.,
REPPL"'G S., NIELS EN 1. D.. M...muse» L . MtEDE!.lA F. and
HANSEl'~ 1. E. (1999 ): Treatment with granulocyte colony-sti­
mulating factor decreases the capacity of hematopoictic pro­
genitor cells for generation of lymphocytcs in human immuno­
deficiency virus-infected persons. J. Infect. Dis., 180.
1819- 1826.

73. NtELSEN S. Do, SORESSE....T. U.. AL"lDlN H.. ERSBOLL A. K..
MATHIES E." L., UU.UM H., GERSTOFT J., l"IELSEN J. D. and
ProERSEN B. K. (2000): The effect of long-term ueamem with
granulocytc colony-stimulating factor on hematopoiesis in
Hlv -imecred individuals. Scand. J. Immunol.. 52, 298-303.

74. Pm AKD. L., TSAt H. C; MULLANE K. M.• StrITONS. H. and
STEVENS P. (1996): Accelerated ncutrophil apoptosis in the ac­
quired immunodeficiency syndrome. 1. Clin. Invesr., 98. 2714­
2719.

75. POLl G., BRF}iSLER P., KtNTER A., DUll E.. TIMMER W. C ,
RAHSON A.. JUSThMENT 1. 5., STANU Y 5, and FAUCt
A. S. ([990): lnrcrleukiu 6 induces human immunodeficiency
virus expression in infected monocytic cells alone and in
syncrgy with turner necrosis factor alpha by transcriptional and
post-transcriptional mechanisms. 1. Exp. Med.. 172. 151-158.

76. REYES E.. GARCIA~CASTRO I.• EsQUIVF.L F.. HORN EOO 1., COR~

TES-FuNF.s H.. SOLOVERA 1. and ALVAREZ-MoN M. (1999):
Grenulocytc colony-st imulating factor (G-CSF) transiently sup­
presses mitogen-stimulated T-cell proliferative response. Br.
1. Cancer, 80. 229-235.

77. ROIUDES E., WALSH T. 1.• Przzo P. A. and RUBtN M. (1991):
Grenclccyte colony-sti mulating factor enhances the phagocytic
and bactericidal activity of normal and defective human neutro­
phils. 1. Infect. O1s.• 163. 579---583.

78. ROMAG:>I A:"i1 S., DEl. ?RETE G.• MA....ETIt R., ({AVtNA A.• As­
SUNZlATO F.. DE CARU M., MAZZETTI M.. PlCCt:"iSI M. P.•
D'Euos M. M.. PARRO:"iCHI Po, SAMI'OG:>IARO S. and MAGGI
E. (1994): Role ofT H1ffH2 cytokire s in HIV infection. lmrnu­
nol. Rev., I·m . 73---92.

79. RODS M. T., MtEDE.\IA F., Koor M., TERSM 1:111i M., SCHAAS­
SERG W. P.. COUTI"HO R. A. and SCHELLEKENS P. T. (1995):

T cell function in vitro is an independent progression marker for
AIDS in human immunodeficiency virus-infected asympto­
matic subjects. 1. Infect. Dis., 171, 531- 536.

SO. RUTF.l.lJ. S., RUMI C.• LooA ~1. B., StCA S., CAUDA R. and
LEo:-:E G. (1998); Scrum of healthy donors receiving granulo­
eyre colony-stimulating factor induces T cell unresponsiveness.
Exp. Hemarol., 26. 1024-1033.

81. SoIEllEK"'''S P. T.. RODS M. T.• DE WOLfF., 1.A:"iGE I. M. and
MtEDf.MA F. (1990): Low T-cell responsiveness 10 activation
via CD3IrCR is a prognosnc marker for acquired immurcoetl­
ciency syndrome (AIDS) in human immunodeficiency virus- I
(Hlv - Ij-infecrcd men. J. C1in. Immunol., 10, 121-127 .

82. SCHSllTMAN S. M., U NE H. C.. GREENHOUSE I., lUSTEMF~"(f

J. 5., BASELER M. and FAUCl A. S. (1990): Preferential infec­
tion of C0 4+ memory T cells by human immunodeficiency
virus type I: evidence for a role in the selective 'l-ccll func­
tional defects observed in infected individuals. Proc. Natl.
Acad. Sci, USA, K7. 6058-6062.

83. SCHWAR1·l D, H.• SKOWRON G. and MERI GAN T. C (1991):
Safety and effects of interleukin-2 plus zidovudinc in asympto­
matic individuals infected with human immunodeficiency virus.
J. Acquir. Immune Dcflc. Syndr.• 4. 11 - 23.

84. STRtCKER R. B. and GOWBf.RG B. ( 1996): Increase in Iympho­
eyre subsets following treatment of Hlv-associated neutropenia
with granulocyte colony-sumulanng factor. Clin. Immunol. lm­
munopathol.. 79. 194- 196.

85. TEPf'LER H.• KA f'LAN G.. SMIT\-I x..CAMEROS P; MO~TA:'>IA A..
MEYN P. and COHN Z. (1993): Efficacy of low doses of the
polyc:thylene glycol derivative of interleukin-2 in modulating
the immune response of patients with human immunodeficiency
virus type 1 infection. J. Infect. Dis.• 167. 291-298.

86. ThEA D. M.. PoRAT R.. NAGIMSt K.. BAANGI M.. ST tcoe
M. E., KA!'LA.... G., DINARB.LO C. A. and KEUSCH G. T. ( 1996):
Plasma cytokines. cytokine antagonists, and disease progression
in African women infected with HIV-I . Ann. Intern. Med., 124.
757- 762.

87. VAN DEll WOUW P. A.. VAN LEEUWEN R., VAN DERS R. H.•
LANGE1. M. and DANNER S. A. (1991): Effects of recombinant
human granulocyte colony-stimulating factor on leucopenia in
zldovudinc-rrcatcd patients with AIDS and AIDS related com­
plex. a phase [/11 study. Br. J. Haemntol., 7K. 3 19-324.

88. VECCHIARELU A.. MON ARt C. BAWELLt P., Pt1:TRELLA D..
Rl::T tNt C.• TASCtNt C. FRANCtSCt D. and BtSTONI F. (1995):
Beneficial effect of rccombinanr human granulocyte colony­
-stimulating factor on fungicidal activity of polymorphonuclear
leukocytes from pauems with AIDS. J. Infect. Dis.. 171, 1448­
1454.

89. vox AULQCK S., BOSEBERG E. M. and " ARTUNG T. (2000);
Intermittent G·CSF (filgrastim) treatment cannot induce lym­
phocytosis in volunteers. Clin. Phann acoJ. Thcr., 68. 104.

90. wooo R.• MOSTOYAJ. G.. KUl' DU S. K.. So\WARTZ D. H. and
MERtOAN T. C. (1993): Safety and efficacy of polyethylcne
glycol·modified interlcukin-2 and zidovudinc in human immu­
nodeficiency virus type 1 Inrecuon: a phase 1/11 study. I. Infect.
Dis., 167, 5 19---525.


	2002AulockAITE1_Seite_01
	2002AulockAITE1_Seite_02
	2002AulockAITE1_Seite_03
	2002AulockAITE1_Seite_04
	2002AulockAITE1_Seite_05
	2002AulockAITE1_Seite_06
	2002AulockAITE1_Seite_07
	2002AulockAITE1_Seite_08
	2002AulockAITE1_Seite_09
	2002AulockAITE1_Seite_10

	Text1: First publ. in: Archivum Immunologiae et Therapiae Experimentalis 50 (2002), 2, pp. 111-120
	Text2: Konstanzer Online-Publikations-System (KOPS)
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-79422
URL: http://kops.ub.uni-konstanz.de/volltexte/2009/7942/


