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Quantification of HIV by PCR in monocytes and
lymphocytes in patients receiving antiviral
treatment and low dose recombinant human
granulocyte macrophage colony stimulating factor

F D Davison, R S Kaczmarski, A Pozniak, G J Mufti, S Sutherland

Abstract
Neutropenia induced by antiviral treat-
ment, in particular AZT, can be
improved with recombinant human
granulocyte macrophage colony stimu-
lating factor (RHGMCSF) in HIV posi-
tive patients. However, there has been
concern that this may increase the HIV
load in the mononuclear cells of such
patients. Five patients receiving AZT
plus low dose RHGMCSF are reported.
There was no consistent change in the
levels of HIV DNA in the monocytes and
lymphocytes. Additionally, all patients
had stable disease with no opportunistic
infection during the study period. It is
concluded, therefore, that low dose
RHGMCSF does not significantly change
the viral DNA load in patients receiving
AZT.
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An important consequence of HIV infection
is the development of peripheral blood
cytopenias which can occur in up to 70% of
cases.' The abnormal haemopoiesis brought
about by HIV may be aggravated by antiviral
treatment as many of these agents, such as
AZT (3'azido 2'3'dideoxythymidine), are also
myelosuppressive. Haemopoietic growth fac-
tors (HGF), in particular recombinant
human granulocyte macrophage colony stim-
ulating factor (RHGMCSF), are now avail-
able to treat the cytopenias resulting from
HIV infection and AZT treatment.3 There
have been concerns, however, from in vitro
studies of GMCSF that it may increase con-
centrations of intracellular HIV in mono-
cytes/macrophages by upregulating, directly
or via other cytokines, HIV transcription
through the proviral long terminal receptors4
Furthermore, GMCSF may contribute to an

overall increase in the viral load by increasing
the total number of monocytes/macrophages.
However, other in vitro studies have shown

that monocytes/macrophages exposed to
GMCSF showed an enhanced susceptibility
to AZT as a result of increased intracellular
concentrations of thymidine kinase and phos-
phorylation of AZT to its active metabolites.5
In this study we examined sequential blood
samples from HIV positive patients receiving
AZT and low dose RHGMCSF. PCR quan-
tification techniques were used to assess the
amount of leucocyte HIV DNA and RNA in
each sample during treatment. The presence
of DNA represents a total of integrated
provirus and extrachromosomal HIV DNA
which is typically present in the cells of HIV
positive subjects. Intracellular RNA is indica-
tive of replication and unpackaged virions.

Methods
Five patients were treated with RHGMCSF
as part of a pilot study of low dose treatment.
Patients with neutropenia related to HIV or
AZT treatment received RHGMCSF at
between 5-20 mcg/m2; the dose was adjusted
to keep the absolute neutrophil count above
1-5 x 109/1. AZT was given concurrently at
500-600 mg/day. Patients' clinical details,
baseline absolute neutrophil count, CD4 +
counts, p24 antigen and AZT doses are

shown in the table. All patients had stable
disease, with no active opportunistic infec-
tions throughout the study period.

Blood samples were taken before RHGM-
CSF treatment and at monthly intervals
thereafter for three or four months.
Mononuclear cells were isolated by Ficoll-
Hypaque (Pharmacia) density gradient
centrifugation. Monocytes/macrophages were

enriched by plastic adherence and super-
natant lymphocytes collected for DNA analy-
sis. Adherent monocytes/macrophages cells
were T cell depleted using anti-CD2 coated
immunomagnetic beads (Dynal), then
counted, pelleted, and stored at -70°C pend-
ing DNA analysis. FACS analysis for CD3
showed less than 2% contaminating T cells.

Viral antigen (p24) concentrations were

Clinical and haematological data ofstudy patients at entry

ANC before Dose of ANC after Treatment
Case Agel Risk CDC GM-CSF GM-CSF GM-CSF CD4 + AZT duration
No sex group group (x 1O9/l) (mcg/m21day) (x 109/l) (x 10611) mglday (weeks)

1 41/M Homosexual IV 0-8 5 1.9 <25 500 12
2 31/F African III 0-6 5 4-0 230 600 14
3 28/M Homosexual III 0 9 5 2-1 <25 500 10
4 26/M Homosexual III 0-6 5 2-9 <25 600 12
5 32/M Homosexual IV 0-7 10 3-8 <25 600* 16

*Also receiving dideoxyinosine (ddI), 600 mg/day.
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Figure 1 The
concentrations ofHIV
DNA at each monthly
interval are shown for
monocytes (A) and
lymphocytes (B) in all
patients. Lymphocyte
counts were not available
for case 5.
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determined on serial serum/plasma samples
using the HIVAG-1 kit (Abbott) both with
and without prior acid dissociation of antigen
and antibody. Cytokine assays for TNF-a,
IFN-y, IL-6, and IL-1B were done on these
samples using sensitive enzyme linked
immunoabsorbent assays (ELISAs).

Nucleic acids were prepared from mono-

cytes/macrophages for viral PCR and lym-
phocytes by guanidium-phenol purification.6
DNA from 25% of the cells in each sample
was used for DNA analysis and the remainder
for RNA. For HIV DNA PCR, the primers
were SK 68/69 amplifying a 134 base pair
fragment of the env gene.7 Primers for RNA
were pol 1/2, amplifying a 143 base pair frag-
ment.8 The monthly samples from each
patient were analysed together as a batch so

as to minimise any experimental variation
between them. Serial dilutions of cloned HIV
DNA were amplified in parallel with samples
to permit quantification within a range of
about 20-2500 copies. The PCR cycle condi-
tions were 94°C for one minute, then 61 C
for two minutes for a total of 32 cycles, fol-
lowed by a five minute extension at 72°C
with the reaction still remaining in the expo-
nential phase which is necessary for quantifi-
cation. One env primer was end-labelled by
polynucleotide kinase with P32 to enhance
sensitivity and to enable the amplified prod-
uct to be quantified. After PCR, 10,ul
aliquots of each reaction, including the stan-
dards, were electrophoresed in agarose gel
which was then dried and autoradiographed
for several hours or overnight. The amplified
products were excised from the dried gel and
counted by scintillation counting. The ampli-

fied standards were used to plot the HIV copy
number against counts, and from this curve
the number of HIV copies in each test sample
was extrapolated. The copy number was
expressed relative to the number of cells in
each sample of monocytes/macrophages and
lymphocytes from which DNA was extracted.
To ascertain the intra-assay reproducibility, a
single HIV positive sample from a patient
with a low HIV p24 antigen titre was ampli-
fied 10 times in the same run.
RNA was treated with DNAse 1 and

aliquots of some samples were checked on
agarose gels to confirm their integrity. cDNA
was generated using random hexamers and
AMV reverse transcriptase (Promega) in a
10 Ml reaction. The complete reaction volume
was amplified by PCR using pol gene primers
under the same conditions as in DNA above.
Lymphocyte RNA preparations were run with
and without reverse transcriptase to exclude
false positive results.

Results
The assessment of intra-assay reproducibility
for HIV DNA using a single HIV positive
sample repeated 10 times produced a stan-
dard deviation of 17% from the initial mean
value (data not shown).
When considering samples from all

patients, the HIV DNA copy number per 106
cells ranged from two to 230 in the mono-
cytes/macrophages and from 17 to 300 in the
lymphocytes. In any individual patient maxi-
mum variation between samples in copy
number per 106 cells was from two to 130 for
monocytes/macrophages and from 17 to 120
in the lymphocytes. In two patients there was
a sharp but unsustained increase in monocyte
HIV DNA in the first month after treatment;
in another patient there was a sustained
decrease, while in two others, the amounts
remained largely unchanged (fig 1). In any
one patient the variation appeared random,
particularly in lymphocytes, where there was
no trend in the fluctuations of HIV copies
during the course of treatment. An autoradi-
ograph of HIV DNA PCR products from
case 2 with standards is shown in fig 2.

Cellular HIV RNA analysis by PCR was
done on four patients because degradation of
material was observed in the fifth patient.
RNA was detectable in the monocytes of one
patient and in the lymphocytes of all patients,
but not in every sample. The RNA concen-
trations were all low, in the order of one copy
per 106 cells and the strength of the signal
reflected the number of cells in that sample.
There was no obvious trend in RNA concen-
trations with time.

Cytokine measurements showed low or
unrecordable concentrations of TNF-a and
IL-6. Concentrations of IL-lx rose from 0 to
883 pg/ml in case 3, fell from 383 to 0 pg/ml
in case 5, and remained unchanged in three
other patients. Concentrations of IFN-y were
undetectable in all except case 3 in whom this
rose from 40 to 60 pg/ml during the course of
treatment. p24 antigen was detected only in
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Figure 2 Representative
autoradiograph ofPCR
products from case 2.
Lanes 1-5 and 6-10 show
amplified HIVDNA from
monthly leucocyte samples
during RHGMCSF
treatment; the first lane is
before treatment. Lanes
11-15 are cloned standards
ofHIVDNA: 0, 20, 100,
500, 2500 copies,
respectively. The amplified
HIVDNA fragment (139
base pairs) is arrowed.
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case 5: the concentration fell from 250 pg/ml
before treatment to 27 pg/ml at the end of the
study. All patients had low values of p24 anti-
gen after acid dissociation but this did not
increase in any of them during treatment.

Discussion
Theoretical considerations indicated that in
the presence of RHGMCSF, intracellular
concentrations of HIV in monocytes/
macrophages could either increase, due to
upregulation of HIV replication and the
increased turnover of host cells, or decrease
as a consequence of enhancement of the
effects ofAZT on these cells.45
The results from these five patients suggest

that low dose RHGMCSF does not apprecia-
bly alter concentrations of HIV DNA in the
circulating monocytes/macrophages or lym-
phocytes. These DNA concentrations are
likely to be a reflection of random changes in
viral turnover which may in turn be a conse-
quence of changes in the activation state of
the host cell. The main effect of RHGMCSF
on cellular transcription enhancers such as
NF-KB, is likely to be indirect and mediated
by other cytokines, such as TNF-a and IL-6.
Increased concentrations of these cytokines
have been reported in HIV positive patients,
and are thought to be a consequence of the
antigenaemia, opportunistic, and other inter-
current infections. However, we found low or
undetectable concentrations of TNF-a and
IL-6 in this group of patients. Side effects of
RHGMCSF treatment include fever, flu-like
symptoms, bone pain and hypoalbuminaemia
and cachexia with prolonged administration
at conventionally used doses of 3-10
mcg/kg/day; these side effects may be related
to the induction of other cytokines. As low
dose RHGMCSF was well tolerated with no
systemic side effects and there was no change
in the concentrations of IL-1, TNFa, and IL-
6, this suggests that low dose RHGMCSF
treatment does not induce these cytokines
and that it is both safe and effective in
increasing the neutrophil counts. Further-
more, all patients had stable disease with no
intercurrent illnesses during the study period.
The concentrations of HIV DNA that we

observed were likely to reflect the amount of
mature virus produced from an infected cell,
but the precise association between integrated
provirus and mature virion production is still
unclear. Other studies have shown that the
life cycle of HIV is significantly different in
cells of monocytic origin where higher con-

HIV DNA are found. It has been suggested
that these forms may also be transcriptionally
active.9 It is not clear whether intracellular
concentrations of AZT significantly change
the number of copies of HIV proviral DNA.
The low concentrations of intracellular RNA
detected suggest that there was little virion
production in circulating blood mononuclear
cells. However, it may reflect inefficiency of
the reverse transcriptase reaction or some
RNA degradation due to its labile nature.
The problems associated with quantifying
HIV RNA after reverse transcription and
PCR were discussed by Semple et al,8 in par-
ticular the low efficiency of reverse transcrip-
tion (around 5%). When RNA is at such low
levels, meaningful quantification is difficult. It
should be noted that the prevalence of
mononuclear cells expressing HIIV RNA is
typically 100-fold lower than those harbour-
ing DNA.'0

Although at this point only a relatively
small number of patients have been studied,
low dose RHGMCSF treatment does not
seem to alter substantially the viral DNA load
in peripheral blood monocytes or lympho-
cytes in patients receiving AZT.
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