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Opinions, interpretations, conclusions and recommendations are
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Where copyrighted material is quoted, permission has been obtained
to use such material.
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Citations of commercial organizations and trade names in this
report do not constitute an official Department of the Army endorsement
or approval of the products or services of these organizations.
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the Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (NIH Publication
No. 86-23, Revised 198S).
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The human immunodeficiency virus (HIV) infects circulating
monocytes and tissue macrophages. Infection of this cell lineage
is important with regard to pathogenesis of impaired host defense
in patients with AIDS as well as in the neurological syndromes
associated with HIV disease. Furthermore, monocyte-macrophages
function to elaborate a variety of cytokines which can contribute
to the inflammatory and wasting manifestations of HIV disease.

We have studied the interaction of HIV with monocyte-
macrophages in our contract with the Department of Army. Our
initial work focused on dysreqgulated cytokine production of HIV
infected monocyte-macrophages. Oour current work addressed
transcriptional regulation of HIV within the monocyte-macrophages
by steroid hormone receptors as well as strategies to deliver genes
capable of inhibiting HIV using newly developed vectors. The
methodology for the work performed was presented in the proposal
(Section 4, "Description of Proposed Research"). The cell
biological and wmolecular biological experiments focused on
transcriptional regulation of HIV as well as characterization of
functional genes. The development of antisense constructs within
the adencassociated virus vectors is an extension of the proposed
work to characterize the functional genes of HIV and their effects
in the monocyte-macrophage.

We extended several interesting observations with regard to
interactions of steroid hormone receptors with the HIV negative
regulatory element (NRE). By studying sequences of a wide variety
of HIV isolates, it appeared that HIV strains obtained in Africa
lacked the steroid responsive motif while all strains examined to
date in Europe and North America contained the motif. This
suggested that there may have been revolutionary drift in the
transcriptional regulation of virus over time.

We also noted that monocyte-macrophages at different stages of
differentiation had a range of expression of these steroid hormone
receptors as detected by Northern blot. There was a clear
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correlation between the modulation of HIV replication within a
monocytic or lymphocytic cell line and the degree of expression of
the receptor. Studies using the ligands for the RAR-a and RXR-a
receptors, transretinoic acid and 9-cis-retinoic acid respectively,
confirmed that these steroids worked specifically through their
receptors and not through non-specific effects.

We have also tested the capacity of the adenoassociated virus
vectors to transduce target monocytic cells. Permanent human
monocytic cell 1lines such as THP-1 and U397 were facilely
transduced by this vector. 1Initial studies in primary peripheral
blood monocytes showed a very high transduction efficiency (greater
than 50%) using reporter genes such as cat and 1luciferese.
Pulmonary alveolar macrophages were not easily transduced (less
than 5%) using the current vector stocks. It is possible that this
is a problem with titer. We will therefore continue these studies
attempting to transduce tissue macrophages in the form of alveolar
macrophages by increasing the titer of vector. It is also possible
that other promotors function better within the alveolar macrophage
compared to the peripheral monocyte. The anti-HIV constructs which
will be incorporated into these vectors have been developed in our
laboratory as part of this program. They include anti-sense to TAT
and VPR.

Thus in the past year’s work, we have addressed viral and
cellular factors which may regulate replication of HIV in different
cell types. We have attempted to utilize information derived from
this year and prior years of the program to provide a framework for
therapeutic intervention.

CONCLUSION

Considerable progress has been made in the past year of our
studies. We are optimistic that we will be able to utilize novel
constructs for purposes of gene therapy that might reduce the
cytopathic effects of HIV in monocyte-macrophages. In the context
of the monocyte-macrophage, we aim to prevent expression of
specific viral gene products that may contribute to pathogenesis in
terms of cytokine elaboration and/or monocyte dysfunction.
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Quantitation of Plasma Human Immunodeficiency Virus Type 1 RNA by

Competitive Polymerase Chain Reaction

David T. Scadden, Zheagyn Wang, and
Jerome E. Groopman

Division of Hematology/Oncology. New England Deaconess Hospiial,
Harvard Medical School. Boston. Massachusetts

Clinical measures of human immunodeficiency virus (HIV) type | activity in vivo are limited
and hinder the assessment of antiretroviral therapics. Reported here is a method for quantitating
HIV-1 RNA in human plasma wsing the polymerase chain reaction (PCR). This method uses an
internal cRNA standard generated from a cloned 1 13-bp deletion mutation of 2 highly conserved
HIV-] gag region sequence. The mutant cRNA (K4) was shown to amplify with eficieacy equive-
lent to that of wild-type HIV-1. Known gquantities of K4 cRNA added to wild-type HIV-1 in a
competetive PCR strategy using a radiolabeled primer permitted quanstitation of wild-type HIV-
} RNA over four orders of magnitude (10°-10° RNA copies). RNA isolated from plasma from
AIDS patients yielded 10” to 8 x 10° HIV-1 RNA copies/ml of plasma with an average intrasam-
pie coefficient of variation of .26. This method offers a seasitive sssay with a broad dynamic
range for moaitoring HIV-1 activity in the plasma of A1DS patients. it may provide a useful tool

for assessing the effects of antiretroviral therapy.

Currently available tools for measuring human immunode-
ficiency virus (HIV) type | in vivo are limited. Although
circulating CD4" lymphocyte cell numbers, serum HIV-|
p24 antigen, serum neopternin, serum 8;-microgiobalin, solu-
ble CD8, and soluble interieukin-2 recepior levels have been
proposed to be clinical indicators of HIV-1 disease activity,
they are limited by sensitivity and specificity [ 1-6). Quanti-
tative plasma cultures and quantitative cultures of limiting
dilutions of HIV-1-infected peripheral blood mononuciesr
cells (PBMC) are recently developed methods designed to
better characterize the activity of the retrovirus [7. 8} How-
ever, these methods are time consuming and expensive.
Quantitation of HIV-| -infected PBMC by polymerase chain
reaction (PCR) of PBMC DNA is a more rapid analysis and
has been shown 1o correlate with the stage of the iliness {9).

All samples were obtained with informed consent from patients sad han-
died in a protocol approved by the New England Desconess Hospital tasi-
tutional Review Board.

Grant support: National Institutes of Health (HL-44831. 42112, snd
33774 and CA-35520).

Reprints or correspondence: Dr David T Scadden, | 10 Francms 54, Seite
4A, Boston, MA 02215
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This method estimates the number of infected cells but may
not be able to assess acute changes in viral replicative acuvity
induced by drug therapics. Measurement of circulating virus
is a potentially more sensitive assay for the activity of the
virus.

Reasoning that HIV-1 plasma culture indicated the pres-
ence of intact vinons in plasma. we underiook a study to
evaluate PCR as a means of quantitating HIV-1 RNA in
plasma. Due 10 the tube-to-tube variability of PCR final prod-
uct observed by us and others [10]. we sought 1o develop a

Metheds

Patient samples.  Blood (10~ 15 mi) was obuuned by phiebot-
omy from HIV-l-infecied individuals with an AIDS-defining
diagnosss and from normal controls. Blood was collected in hep-
arninized tubes (Becton-Dickinson. Rutherford. NJ). and plasma
was harvested after centrifugation at 1200 g for 10 min. Plasma
(2.0 ml) was mized with 4.0 mi of 5 M guanidine isothiocyanate
(Bethesda Research Labomtones [BRL). Gaithersburg. MD)
and 100 ug of yeast tRNA and was ultracentrifuged through $.7
M cesium chioride (BRL) at 180.000 g for 13 h at 25°C. The
resultant RNA pellet was resuspended in 0.3 M sodium acetate
and ethanol-precipitated. The RNA pellet was washed with 70%
ethanol and resuspended in water or stored under ethanol at
-80°C.
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RNA standard.  The HIV-1 gag region amplified by the oligo-
nucleotide primer pair SK 100/SK 104 (11, 12] was amplified in
the PCR protocol noted below. The resuitant fragment was
filled in using Klenow (BRL) and blunt end ligated into the
plasmid pGEM-3Z (Promega, Madison, W1). A deletion muta-
tion of 113 bp was produced, and the resuliant plasmid
(K4) was determined to be a satisfactory template for SK 100/
SK 104-directed PCR by agarose gel electrophoresis. K4 cRNA
was generated using T7 polymerase (Promega). The K4 cRNA
was purified by ultracentrifugation through a 5.7 M cesium chlo-
ride cushion, precipitated, and resuspended at a concentration
determined by both spectrophotometry and incorporation of
{®Plunidine triphosphate.

Reverse iranscription and PCR. RNA was reverse tran-
scribed in a 20-ul volume containing 0.5 mAf deoxynucleotides,
6 mM magnesium chloride, 50 mAf TRIS (pH 8.3). 10 mM
dithiothreitol, 200 units of recombinant Moloney murine leuke-
mia virus reverse transcriplase (BRL), and 40 units of RNaun
(Promega) at 37°C for 90 min. The reacuion product (10 ul) was
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Figwre 1. Summary of sampie proceming and ssalyus whema
GIT. guanuhine sothwocysnate, PCR. polymersse chain reactam
Compentive PRC results of wild-type (wt) human unmunodett:
crency virus (HEV) type | (upper band) or K4 sandard (bower
band) at different ratws of wt 2o K& {B) or st hferent Slutwons of
fined ratio of wt 1o K& (O Fived amount of K4 cRNA wae mun-
tained 1n umples corresponding to laney |-9m B Threefold Silu-
tons of RNA from HIV- | yg-mfected H9 cells were added wquen-
ually from right o left 1 amples cortrpomding b lases 10
through 2 Lane | contaned only K4 cRNA {10 copeen) and lene
10 contaned only HIV- 1 p-infected HY RNA (1 ag) €, Ratwo of
wt to K4 RNA represanted by lanes 4 and ¢ of B end micrmedmne
ratio were wbjected to sequential threefild dlunions before reverw
transcriphon and amplification. Series of lanes for each numbered
st (1-)) represent ethudium Hromede-damed. UV luminated
products of Wcycle amphification
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added to a 50-ul final-volume solution containing 50 pmol each
of SK100 and SK 104, 0.1 pmol of **P-end-labeled SK 104, 0.2
mM deoxynucleotides, 1.5 mM magnesium chlonde, 50 mM
potassium chloride, 10 mM TRIS, 0.1% gelatin, and | unit of
Taq polymerase (Perkin-Eimer Cetus, Norwalk, CT) and sub-
jected to cycles of 92°C for 30 s, 55°C for 30 s, and 72°C for |
min repeated 30 times with a 10-min extension at 72°C after the
final cycle using a thermocycler (Encomp. San Diego).

PCR product analysis. Amplified DNA was electrophoresed
through 2% agarose or 6% acrylamide and visualized by UV light
afier ethidium bromide staining; the resultant bands were har-
vested and Cherenkov counted in a hiquid scintillation counter
(Beckman Instruments, Palo Alto, CA). Figure | A summanzes
the methods used.

Reselts

The HIV-1 gag region bracketed by the oligomers SK 100
and SK104 was cloned and a deleuon mutant produced
(K4). K4 was amplified by the SK100/SK 104 pnmer pair
and yielded a PCR product readily disunguished from wild-
type HIV-1 by erther acrylamade or agarose gel electrophore-
s (Agure 1B, C)

The K4 cRNA was evaluated as 3 template for PCR using
the SK100/SK 104 pamer par and directly compared with
the wald-type HIV-1 genome repeesented by RNA denved
from HIV- 1 gy-infected HY lymphoblasiod cells. Afler re-
vene transcnpuon, FP-end-labeled SK 104 way added 10 the
PCR reacuon muture, and the PCR product was analvied
by clectrophorean. The yreld of DNA was quantiiaicd at &if-
ferent cycle numben of PCR by the counts per minute pres-
ent in the appropnate bands nolated from the clectropho-
e gelv Figure 2A indwates that the mate of nwe of
incorporated CP-labobed pamer 1 the same with aither K4 or
wild-type HIV-{ g av the PCR tomplate These dats were
corroburated uung K4 compared with independently of con-
currently (10 the ame tubc) amphificd Laown guantiies of
plasmsd DNA of the HIV-1 clone HXBY (provided ty R
Gallo, Nabonal Institutes of Health, Bethesda. MD) Kéd
amplied with an efioency oqual 1o that of wild-vpe virus
and n therefore an sppeopnate template 1o use 1n 3 quantits-
tive away e wald-tvpe HIV-)

Having demonmtrsted that Kd can be readily distinguanhed
from wikd-cype HIV-1 and yet can function as 3n equnvalent
target in POR. we 1oied the wenwtnaty and range of out
method of analyning for HIV-L Known amounts of K&
¢RNA were dluted and uwed as saring matenal for the re-
verw transcnpinn and PCR reactions. The resutung incorpo-
ravon of YR labeled tracer SK 104 prmer i cach sarung
concenirstnon of K4 CRNA n shown in figure 2B The intra-
ample coefBioent of vanatuon (CV) was 05 10 16 for the
ampler mith 107 10 1P copes of K4 (RNA. cegprectively
The wenativies of the asay 1t fimsted to 10- 100 copees of K4
n the darting matenal but the dynamx range of the asay n
at least four ceders of magnitude Since the range of an.




JID 1992:165 (June)

A 20,000¢

10,000

,.“0-.—-—0

NUMBER OF CYCLES
B 2o
10,000 |

4,000 |

2,000
g 1,000 |

'mLLALLLLLL'
01 2 3 ¢4 % 6 7 & 9

K4 CRNA (LOG COPY NUMBER)

RATIO OF K4/SAMPLE )

(K- - 108, 000

K4 cRNA (COPY NUMBER)

10 00 000

Figere 1. A Fyurvident ampbfvaion of wildovpe | 9 THN) or
K4 RINA at Bifferent polymervat chamn reaction 1 P8 W) ivile nume
bere. HO/THIM and K3 CRNA { 1P copws) wery independyntly g
Iyred for ncorporabon of R labeled shgonusheotinde primer
(SR 104) after reverw tranwripbon and amphificabeon by aombite
ton counting of wotated agarose gol dwes of dlectrophoresed rea-
ton products. B, Relanonsiip of POR prochict 1 quantity of mput
K4 cRNA Known amounes of K4 cRNA were reverw transwnbed
and amplified for 10 cvches i presence of “Plaheled SK 0
primer Reaction products were cubested i agrroe el ehe tropine
resic, gel chices were mulated. snd wintllation counted Number of
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fectious virus detected in the plasma of HIV-infected individ-
uals has been reported 1o be quite vaniable [ 13] and the range
of virus particles containing detectable viral RNA (not neces-
sanly infectious virus) may vary over a broader range, a wide
dynamic range for the assay is desirable.

The relationship of end products of PCR to the starting
quanutics. in a competiive PCR strategy. is dependent on
the ratio of the two templates at the ume of initiation of the
amphification protecol [10. 14]. At ratios of sample template
1o standard template of less than or greater than 1.0, the
amplification of the two templates 1s not equal. Figure IB
represents PR products of reacuons conwaining a fixed
amount of the K4 standard with increasing concentrations of
sample HIV-1 RNA. The vanable intensty of the viuble
lower band (K4) indiates the inconstant amphification of
the K4 template in the presence of different concentrations
of compeung wild-type HIV-| genome

To investigate whether the differenual amplification of
wild-type versus K4 templaie was due W a limiing concen-
travon of substrate. diluvons of RNA of three fixed ratm of
wild-type W Kd (vt Kd) were added o the PCR reaction
masture and amplified (figure 1C) Drluoon of the starung
coneniratwn of RNA diud not alter the relatonship between
the wikd-type and K4 Anal products. differenual amplifica-
i of the two RNAS ovumred  unlews wt K4 ap-
prouchad 1 O

Having demonstrsted that the staring wi K4 must ap-
proah | A cqual effiicney of amplshcaton. 2-ml human
plasma spevimens wore provessed. and fout 10-fodd dilutsons
of K4 URNA were sddad o a Ared amaount of plasma RNA
(04 mi 10 copees 10 U8 ml 1T copees) Thewe didutions
wore rovets tranwnbod and ampliicd. and the resulant
prondue iy mere analveed as abune At oguinalent fevehs of -
sorpatatnrn of radmlabeicd pamer the mput wt Kd was con-
wdered b b | The quantity of input wakd-tvpe RNA could
theretry be curapodated and the numbcr of IV | RNA mal-
exubes dermad

T venfs the repasducabshing of the angs . duplaaic sam-
phes from o ungle phichotoms s ore indepondenthy processed
and anafvzed  The results of vac of thew anafvies arc shown
m Bgure JU and the rewsite of 11 @mples from 1 patients
anabyred w0 thes mannet are tepuwted an tabde | The average
mirpample (v L 11 samples from T patsents anahred
wa 162 3%

To confirm that cut rosulis 3nd ot reflect oodiular HIV
A ceches of FUR mere donc on patsent amples without firg
whenung the amplesy B e transonpton . Nao amplr

Kd cRNA odacamed @ bog oF Copmes per soae O Analven of vac
AR patwent’ s phawamy semmpde drunded ot trng of phichotomy and
anals red mdependenth (o rymbey of K4 (ANA maolecyles
cvrrespromding v K 4-oo-cammpie eatas of | et et PN et
bumngn wnengnodef wrcy vege tapee 1 RN A i | miof plasms (R £
214 Ky
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Table 1. Patient characteristics and results of studies of plasma  niques in conjunction with a mutant cRNA template to eval-
samples from AIDS patients. uate the quantity of HIV-1 RNA in the plasma of AIDS
HIV RNA b4 patients. This method requires a small quantity of plasma
Sample (% 10® copies/mm®  cells/ Anti- (obtained from a single phlebotomy tube of blood), which
no. ol plasma) mm’ Duagnoses retrovial can be processed and the analysis completed within 48 h. An
internal cRNA standard that is equivalently amplified in the
! 7|7§ : (‘) ‘:: ‘I‘S :(“'f‘;’;'y‘l";“ ;3: PCR method is included in the analysis 10 avoid inaccurate
: Leol W KS ) it quantitation of the sample material based on intrasample
3 156274 0 CMV.KS None vanability. Use of an external standard does not control for
5 605 x9S W Crypto. NHL None® this variability, which may result in alterations in final prod-
) 8132 {75 Ho  KS Nune® uct quantitation of up to 600% [10). With an internal stan-
’ 673y wooKs ddi dard, the method presented here has an average intrasample

N S anaton of 26t
10 155535 v KS DV IEN In addition, the dynamic range of the assay is at least four
1 IRERIE 0 KS. NHL 2DV orders of magnitude. substantially higher than those of other
reported PCR-based strategies {13]. This feature of the assay

NOTE HIV human immusodeicieny sius. Cryplo. wnyplocoaal

memngiti of tungemu. CMVY. Ovtomegalovirus, KS. Kapows saoma.
PCP. Prucunns vty cunmt pcumonia; NHE. aon-fHodghon's bymphoma.
DV sdovidiae. . dideovyinoune. TEN interferon-a

* Drrug withdrawn within 3 weeks

fied products were seen, indwating that HEV- 1 -infected cel-
lular DNA was unhkely 10 be present and therefore that cel-
lular RNA could aot account for our results. The speciticity
tor HIV-1 of the bands axsayed 1n thiy method was supported
by the absence of bands 1n control plasma and by the same
clectrophoretic mobihity of samples amplificd with nonla-
beled primery subsequently hquid-hybadized with a radwla-
beled SK19 {12} probe. There were no false pomitives de-
tected in 8 control plasma samples.

Discussion

Fvaluation of the therapeutic benefit of medications 1in
HIV-1 divase may be bawd on a number of chinwal and
laboratory parameters. Currently, the laboratony anays
widely 10 use are indirect measures of the activity of the
vieus, such as T lymphocyie subsets, acuptenn. of 3;-min-
globubin_ or direct meusurements of o viral product. such as
HIV-1 pld antigen The latter assay s mited by the high
frequency of pld anugen-negative paticnts

tnproved direct measures ol the infectious burden of HIV-
I are Jesirable because of the nomspeaficity of the indirect
luboratory purameters and because of the potential ime Je-
lay for indirect measures 1o reflect alterations in airculating
virus. Phrect assays of the virus may permut more rapwd anaky-
s of antr-HIV-T therapres. Methouds that assess the circulat:
g levels of free virux as opposed to virus incorporated inte
virculating cells may be partwulariy valuable becauw of the
fatency of HIV.1 A measure of free virus mav be the pre-
ferred parameter to evahnate therapres Jirected a1 the repina-
trve cvle of BV T quch as reverse transinptase. tat of pex
tease intabitors, or mbubitors of vieus assembly or release

The method presented here uses common aboratons texh-

makes it particularly attractive for the evaluation of antiret-
sovisal therapies, where broad differences in circulating virus
may be anticipated. The quantity of HIV RNA we have ob-
served in AIDS patients has ranged from 10° 0 8.3 x 10*
cupies/mt of plasma. which is comparable to other estimates
of plasma viremia using PCR [13] or by extrapolating from
virculating levels of H!'V-1 p24 antigen {15).

The major imuations of the assay are the requirement tor
muluple dilutions of sample RNA (although we found that
tour dilutions are adequate in evaluating the AIDS popula-
twn studied). the use of a radiolabel (though other methods
of quanttation may sacnfice dvnamic range). and issues of
Chussover contamination common to all PCR-based strate-
gios. Methads of plasma collection were not found to influ-
ence vur assay when we compared hepann, EDTA. and so-
dium uitrate antwoagulants, perhaps because our method of
RNA preparauon reduces the presence of the anticoagulant
in the PCR reaction misture The delay between sample col-
lection and processing may be important. However, our pre-
himmnany obuenations suggest that there are no substantial
dfferences in amples abquoted on amsal i the laboratory
{oue Laboratory 1s adgacent w the hospatal where the samples
were vbtamned) with one ahquot processed immediately and
vne priweaed afier a -h delav. nor have we observed differ-
cfives betweon amplces paxesed immediately and plasma
ahwqueds frozen at - R0°C (unpublihed data) Further defim-
twnr of those parameicrs 5 10 progress

This refatiney umple asay fur quantitating plasma levels
of HIV-1T RNA Lay provade a laboraton ool for measunng
changes m aroulating virusan sno The apphicabshty of thas
asay (o patrents at hifferent stages of HIV-1 discase and the
varrelation of viral burden with chinwcal stage are currenthy
under i cshigatnon
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Identification of a Novel Human Immunodeficiency Virus Strain
Cytopathic to Megakaryocytic Cells

By Myriam S. Kunzi and Jerome E. Groopman

impaired megakaryocytopoiesis may be a contributing fac-
tor to thrombocytopenia associated with human immuno-
deficiency virus (HIV) infection. Becauss HIV isolates differ
in their host range and pathogenicity, we investigated
whether HIV strains with demonstrable cell tropism and
increased cytopathicity for megakaryocytes could be de-
rived from the blood of thrombocytopenic HIV-infected indi-
viduals. We derived a strain. HIV-WW, from the peripheral
blood of an individual with severe thrombocytopenia and
found the virus to be highly and specifically cytotoxic to

HROMBOCYTOPENIA is a frequent finding in hu-
man immunodeficiency virus (HIV) infection. Anti-
body-mediated peripheral platelet destruction is weil docu-
mented,' but the clinical observation that platelet number
often increases rapidly upon treatment with zidovudine
(AZT)* suggests that impaired thrombopoicsis, as a result of
direct interaction of HIV with megakaryocytes, may be a
contributing factor to the thrombocytopenia associated
with HIV infection.® About 25% of human bone marrow
megakaryocytes have been found by flow cytometry to have
detectable CD4 surface antigen,® the primary receplor for
HIV in T lymphocytes and monocytes.”'' The presence of
viral genome in bone marrow megakaryocytes of some
HIV-infected patients has been reported®'? and the virus
can be incorporated in these cells in vitro."?

The recent availability of permanent cell lines of mega-
karyocytic lineage, such as the CMK'*"* and DAMI' cells,
has provided an in vitro system that facilitates the study of
HIV infection in megakaryocytic cells. Although these celis
were shown 10 be poorly susceptible to infection with HIV-)
111B, they were found to be readily and productively in-
fected with HIV-2 ROD."” Because HIV isolates differ in
their host range'®™ and their pathogenicity.?' > the ques-
tion arises as to whether HIV-infected thrombocytopenic
patients may harbor viral isolates with tropism or increased
cytopathogenicity for megakaryocytes. To address the s
sues of tropism and cytopathicity of HIV in megakaryo-
cytes, we studied the infectivity, cytopathic cffects, and cel-
lular tropism of HIV-WW, a virus derived from an
asymptomatic patient with severe thrombocytopenia. We
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CMK and DAM! megakaryocytic cells. CMK and DAMI
cells were not permissive for the virus and HIV-WW in-
duced cytopathicity for these megakaryocytic cells did not
depend on viral replication. The CD4 N-terminus—binding
dotnain of the HIV gp120 envelope protein did not appear
to be involved in determining the cytopathic phenomenon.
HIV may impair megakaryocytopoiesis through interac-
tions at the cell surface in some cases rather than through
virsl entry and intraceliular replication.

© 1993 by The Amevican Society of Hematology.

found that HIV-WW was specifically cytotoxic 10 mega-
karyocytic CMK and DAMI cells but not to T-lymphocytic
or monocytic cells. The cytotoxic effect on both CMK and
DAMI cells did not require HIV-WW replication, suggest-
ing a cytopathic effect at the megakaryocyte cell surface.

MATERIALS AND METHODS

Cells and virus  The DAMI celf line, denved from the penph-
eral blood of a patient with megakaryoblastic icukemia,'* was a gift
from S. Greenberg (Bngham and Women's Hospital, Boston. MA).
These celis were masntained 1n fscove’s modified Dulbecco’s me-
dium (IMDM; GIBCO Laboratones. Grand Island, NY) with 10%
heat-inactivated horse serum (HS; GIBCO), pemicillin (P 28 U/
ml), streptomyaia (S; 250 ug/ml; GIBCO), and L-glutamine (G, 2
mmol/L.. Mediatech, Washington, DC). The CMK cell line.'*** de-
nved from a child with megakaryoblastic leukemia, was a pft from
T. Sato (Chuba University. Japan). H9 (HUT78) cells™** were ong-
nally obtasned from R.C. Gallo (Nauonal Cancer Institute. Be-
thesda, MD). U937 celis™ were oblasned from the Amencan Type
Cutture Collection (Rockwilie, MD: catalog no. CRL1593). CMK.
HY, and U937 cells were maintained in RPMI 1640 (GIBCO). 10%
heat-inactuvated fetal bovine serum (FBS; GIBCO), and PSG.

HIV-WW virus was obtained from an asymptomatc HIV.sero-
pontive patsent with a CD4° cell count below 400 and perustent,
wvere thrombocytopensa. HIV.) JR-CSF. solated from the cere-
brospenal fusd of a patient with acquired immunodeficency syn-
drome (AIDS) dementia. was obtasned from 1S Y Chen through
the AIDS Research and Reference Reagent Program ' HiV-
RJ94 315 was recovered from an anmmomatc HIV -seropositive pa-
trent with severe neutropenia. A stock of each vinuy was grown by
coculture of infected penpheral blood mononuciesr cells (PBMCs)
with phytohemaggiutinin (PHA }stimulaied PBMCs as previousty
descnbed. ™ Virus was harvested in the supernatant, without con-
centratron, when HIV pl4 antigen levels reached 3 value grester
than 500 pg/mL (HIV.-WW_dsy 18 postinfecton. HIV-1 JR-CSF,
day 10 postinfectron. HIV-RJ943S, day 20 postinfection)

Infections Cells were cultured in 24-well plates (Costar. Cam-
brdge. MA) Cells (2 x 10" /weil) were inoculsted with 300 ul. of
virus stock. contaning approximately 100 ng HIV pl4 antigen
The viral inoculum was adsorbed to ceils for 2 houns st 37°C. The
cells were then washed with compiete medhum. plated st | x 10°
cellyml in fresh complese medium, and split 1:4 every 4 days.
Mock infections were performed with 300 xl. of supernatant from
PHAstimulated. uminfected PBMCs harvested after 4 days in cul-
ture. All infechons were performed in duplicate and monitored by
measuring HIV p24 antigen levels in the supernatant with a sohd-
phase antigen capture immunoassay kit (Abbott Laborstones. Chu-
cago. L)% Cell viatwhity was amewsed by trypan blue exclusion. In
certain cxpeniments. virus was depicted from the inoculum by fil-
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Fig 1. MIV-WW ia not cytupethic 1o M9 (NUTTE) or US37 celle.
Colla were challonged with MIV-WW se duseribed in Fig 1. Coll
visbiity wes sssessed by rypen biue enchusion. Each velue repre-
sty he svernge of two dapendent messurements. (A) NS coft
ouitures. (B) US37 ool cultures. 10} Viabiity: 9) p24.

tration twace through 2 0.2-um acetate celfulose filter (Sartonus,
Govetungen. Germany). In the cultures in which serum from an
asymptomatxc H1V-seropositive donor was used 1o neutralize HIV-
WW, 30D 4L of virus was incubated with 200 xi. of scrum at 4°C
for 1 hour before inoculanon. infection then procoeded as de-
wnbed above. In those cultures 1in which anti-Leu 3A (Bect. n Dack-
wnson, Mountan View, CA) was used 10 block the interaction ol
HIV with CD4, ceils were incubsted with dualyzed antubody at §
sg/ml. 8t 37°C for 3O munutes before snoculation with virus. Infec-
o was then performed as descnibed above with the following mod-
iikation’ afier adsorpuon, the cells were washed with, and plated in.
complete medium supplemnented with anti-LeulA a1 § qg/ml.

Polveneruse chain reaction (PCR) analvsts Total cellular DNA
was eatructed as previously described ¥ HIV sequences were am-
plitsed by the PCR twace for 28 cycles. as previously described, ¥
unng nested HIV gag-speaific pamer pairs. The Grst pamer pair.
SK 100/SK 104, " amplifics a 280-bp region of gag that is conserved
among the HIV-1 nolates and HIV.2 ROD. The second primer
pmsr. SK18/SK 39.> amphifies a 115-bp regon of gag conserved
amoog the HIV-1 nolates DNA nolated from HIV-1 [11B-infected
cells was used 21 3 positive control and DNA extracted from mock-
1akerted cell was uwed as 3 negative control. The specificity of the
PCR products was venihed by bgusd hybndization to the Send
racholabeled HIV -specific probe SK 19 %% aAmplification of -glo-
n genomx sequences’ ¥ was camned independently with the
pnmer pur PCOVPCOS™ 1o amess DNA integnty and content.
The senstivity of the PCR assay was determined by dilution of
chromcally HIV.[-infected THP-1 monocytc cells with unin-
fected THP-1 cedls. The assay 18 senmitive to 107 dilution of infectod
ceils. cormesponding to 100 HIV-1 infected cells in a sample of 10*
cells per malhibiter 'Y

RESWRLTS

HIV-WW was recovered from an asymptomatic patient
with severe thrombocytopenia and amplified by short-term
coculture with PHA-stimulated PBMCs. To assess the tro-
pesm of this primary HIV strain. CMK. DAMI. H9, and
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U937 cells were challenged at 2 x 10° cells/well with 300 gL
of virus stock containing 100 ng of HIV p24 antigen. HIV-
WW was found 1o be cytotoxic to both the megakaryocytic
Dami and CMK cells, but not 10 the T-lymphocytic H9 cells
or the monocytic U937 cells. The viability of DAMI and
CMK cells, as assayed by trypan blue exclusion, decreased
sharply from above 90% to below 50% within 10 days after
exposure to HIV-WW. Total cell death in these cultures was
observed within 17 days (Fig 1A and B). Cell viability re-
mained above 90% in control CMK and DAMI cultures
expased to an equivalent inoculum of PHA-stimulated, un-
infected PBMC supernatant. In contrast, the viability of H9
and U937 cells remained constant and above 90% during
the same course of exposure to HIV-WW (Fig 2A and B).

A o000

Days post-inoculstion

To determine whether the observed cytotoxicity was due
to HIV-WW specifically or more generally to exposure to
supernatant from HIV-infected PBMCs, we removed virus
by filtration or heat-inactivated virus before inoculation.
DAMI ceils were challenged with an equivalent HIV inocu-
fum depleted of virions by filtration twice through a 0.2-um
cellulose acetate membrane. In another experiment, CMK
or DAMI ceils were challenged with HIV-WW afier heat-in-
activation of virus at 56°C for 30 minutes. Removal by
filtration or inactivation by heating of HIV-WW each re-
stored cell viability in the megakaryocytic cell cultures (Fig
3A and B).

HI1V infection in CMK or DAMI celis using the labora-
tory strains HIV-1 HIB or HIV-2 ROD'™* has not been
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Figd. HIV.1 JR-CSF end HIV-AJS438 are not cytopethic 1o megekaryocytic oslls. CMK or DAMI celle were chellenged with 300 i (100
ng p24 antigen) MIV-1 JR-CSF or NIV.-AJI43S. Supemetant samples were harvestad at the indiceted times snd asseyed for viral p24
antigen. Vieal p24 sntigen levels in CMK [* -— () and DAMI {0 —— O} cultures are expreseed in ploograme per milliiter. Supematant
sampies from mock-infected cultures were used ss negative control. Cell viability in CMK (3 —— (3 and DAMI (O —— O} cultures was
sssessed by trypen biue anchusion. Each value represents the sverage of two indepandent messurements. (A) Challenge with HIV-1 JA.
CSE. (8) Challenge with HIV-RJ9438.
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the sheence M) or presence (D) of neutralizing serum (200 xl). Control CMIK and DAMI cell cultures were mock-infected 153 in the presence of
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1A) CMK coll cultures. (B) DAMI coll cultures.

shown to result in any loss of cell viability. Therefore, we
further investigated whether the cytopathic effect of HIV-
WW on megakaryocytic cells was specific to that isolate or a
general propernty of primary HIV-1 isolates. We challenged
CMK and DAMI cells with two primary isolates obtained
from nonthrombocytopenic patients. HIV-1 JR-CSF, a
PBMC rtropic isolate, was isolated from the cerebrospinal
fluid of a patient with AIDS dementia?’-** whereas HIV-
RJ9435 was recovered from an asymptomatic HIV-seropos-
itive individual with ncutropenia. Like HIV-WW, these two
viruses were amplified by short-term culture in PHA-stimu-
lated PBMCs. CMK. DAMI, H9, and U937 cells were ex-
posed 10 a 300-ul. inoculum of HIV-1 JR-CSF or HIV-
RJ9435 under the same conditions used with HIV-WW.
Neither HIV-1 JR-CSF nor HIV-RJ9435 induced cytoxi-
city in CMK or DAMI cultures (Fig 4A and B). Cell viability
in H9 and U937 cultures remained above 90% (data not
shown). Thus, the cytotoxicity to megakaryocytic cells of
inocula derived from HIV-WW-infected PBMC cultures

i

Days post-inoculstion

was specific to that virus and not seen with two other pri-
mary isolates from nonthrombocytopenic patients. In addi-
tion, we found that cytotoxicity was abrogated (Fig SA and
B) when CMK and DAMI cells were challenged with HIV-
WW in the presence of a broadly neutralizing serum from
an HIV-seropositive donor. This serum was capable of neu-
tralizing under the same conditions both HIV-1 JR-CSF
and HIV-RJ9435 infections in PBMCs to 82% and 91%.
respectively.

We then investigated whether viral replication played a
role in the observed cytotoxicity. CMK or DAMI cells were
exposed 1o HIV-WW in the presence of 250 nmol/L. 500
nmol/L. and | umol/L 3-azido-3' deoxythymidine (AZT)
to inhibit viral replication. Treatment with AZT did not
protect CMK or DAMI cells from the cytopathic effect of
HIV-WW. AZT was not toxic 1o the megakaryocytic cells,
as less than 10% cell death was observed in the absence of
virus in control cultures treated with AZT at the same con-

centrations.
3 9 AR} 14

Days post-inoculation

Fig 8. MIV-WW cytopethicity is not blocked by anti-Leu3A. CMK and DAMI cells were challenged with HIV-WW, as described in Fig 1, in the
sbeence (i) or presence (£3) of the CO4-specific monocional smibody antl-Leu3A at 8 ug/mi. Control CMK or DAMI cell cultures were mock-
inf~cted (£)) In the presence of anti-LauJA st the same concentration. (A) CMK cell cultures. (B) DAMI coll cultures.




3340

Early events of viral integration and replication were stud-
ied by PCR analysis of total cellular DNA isolated at 2, 24,
48, and 72 hours postinoculation. To ensure detection of
HIV-WW, despite possible heterogeneity at the molecular
level, we selected a very highly conserved region of the HIV
genome for amplification, using two gag-specific nested
pairs of primers. Although the g-globin gene, used as an
internal standard, was detected in equal amount in each of
the amplification reactions, we found no HIV-specific se-
quences in the DNA isolated from CMK, DAMI, H9, or
U937 cells. Thus, the megakaryocytic CMK and DAMI
cells were not permissive for HIV-WW and the megakaryo-
cyte-specific cytopathicity of the virus was not the result of
viral replication. The sensitivity of the PCR assay was such
that | infected cell in 10* cells could be detected. Viral infec-
tion, therefore, likely did not occur, or at least occurred
below this level of detection and would not explain the ob-
served cytopathic effects. The small amounts of HIV p24
antigen detected early in culture thus represented residual
inoculum.

The binding of the viral envelope glycoprotein to the cel-
lular CD4 receptor is a first and critical step in HIV infec-
tion. We therefore investigated whether anti-Leu3A, a
CD4-specific monoclonal antibody, could inhibit HIV-
WW cytotoxicity by blocking the binding of gp 120 to the
N-terminus of CD4. Cells were preincubated with antibody
(5 ug/mL)before inoculation with virus. Anti-Leu3A mono-
clonal antibody did not abrogate HIV-WW-induced cyto-
toxicity in CMK or DAMI cultures (Fig 6A and B). In con-
trast, 90% of the cells were viable in control mock-infected
CMK cultures with or without anti-Leu3A antibody. These
findings indicate that the gp120 epitope that binds to the
CD4 N-terminus was not a determinant in HIV-WW cyto-
toxicity to megakaryocytic cells. Moreover, binding to the
CD4 N-terminus was not sufficient in itself to trigger mega-
karyocytic cell death, because binding with anti-Leu3A an-
tibody to CD4 did not result in cytotoxicity.

DISCUSSION

Impaired megakaryocytopoiesis may be a contributing
factor to the thrombocytopenia associated with HIV infec-
tion. The presence of the HIV genome in bone marrow
megakary~ ~tes of some seropositive patients has been re-
ported."*® ‘rimary martow megakaryocytes have a life
span of a few days in culture, thus limiting the feasibility of
studies of HIV infection in primary cells. Therefore, experi-
ments have been performed in cell lines of megakaryocytic
lineage to establish a model of retrovirus-megakaryocyte in-
teractions.!”* However, such studies have been performed
to date using laboratory strains of HIV. such as HIV-1 11IB
and HIV-2 ROD. The properties of laboratory strains of
HIV may differ significantly from primary isolates, as was
recently shown by the failure of soluble CD4 to neutralize
primary isolates in vitro at concentrations that effectively
blocked infection with laboratory strains of HIV-1.Y

We derived an HIV strain from a patient with severe
thrombocytopenia and found the virus, HIV-WW, 10 be
highly and specifically cytotoxic to megakaryocytic cells. In
contrast, two other primary HIV-1 isolates not associated

KUNZi AND GROOPMAN

with clinical thrombocytopenia were not cytopathic to the
megakaryocytic CMK or DAMI cells. Most strains derived
directly from H1V-infected patients by short-term culture in
PBMCs are not capable of infecting productively perma-
nent cell lines,”® whereas laboratory isolates do replicate in
such cell lines. Consistent with this finding, the megakaryo-
cytic CMK and DAMI cell lines were incapable of sustain-
ing HIV-WW replication. PCR amplification detected no
HIV viral sequences in these cells after challenge with HIV-
WW, with the sensitivity of the PCR assay at 1 infected cell
in 10 cells. Similarly, treatment with AZT to block replica-
tion did not protect the cells from the cytopathic effect of
HIV-WW. Despite the absence of replication, the cyto-
pathic properties of HIV-WW were dramatic and specific
for cells of megakaryocytic origin and not szen in cells of
T-lymphocytic or monocytic origin.

There is considerable heterogeneity in cellular tro-
pism,'®22383 cvigpathicity, 4! and kinetics of replica-
tion?'*#! among the various strains of HIV. Although the
viral gene products nef. tat. vif. vpr. vpu. and vpx may play
an important role in controlling infectivity and viral replica-
tion, mounting evidence points to the envelope glycopro-
tein as a key determinant of cellular tropism and cytopathic-
ity 32447 Appuably. a low level of HIV envelope
components may have been retained in the filtrated viral
inoculum and. indeed. we observed that. although cell via-
bility was restored to a great extent. cytopathic effects were
not entirely abrogated after filtration. We found. as well.
that HIV-WW-induced cytopathicity in megakaryocytic
cell lines was not abrogated by anti-Leu3A monoclonal an-
tibody. thereby indicating that the domain of the HIV gp
120 envelope protein that binds to the N-terminus of CD4
was not involved in this phenomenon. Recently, regions of
gp120 distinct from the CD4-binding domain have been
shown to be critical in determining cell tropism.*® thus sug-
gesting that interactions between several distinct envelope
domains may be necessary for viral entry. Identification of
the molecular determinants of viral phenotype is essential
to an understanding of the pathogenesis of HIV. To this
end, we have constructed a genomic library from HIV-WW
infected PBMC:s to isolate a clone of this novel HIV strain.
Studies of its genotype and. in particular, a detailed analysis
of the sequence and structure of its envelope glycoprotein
should provide insights into the mechanism of its cytopa-
thicity for megakaryocytic cells. Moreover. these studies
may show megakaryocyte surface structures distinct from
CD4 that specifically interact with components of the viral
envelope.
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ABSTRACT

Objective: To determine if the early-acting hematopoietic
»  growth factors stem cell factor (SCF) or interleukin-3 (IL-3)
are capable of overcoming the bone marrow suppressive effects
of cytokines or drugs involved in the hematologic
abnormalities accompanying HIV-1 infection.
Design: 1In vitro colony formation assays of normal human bone
marrow cells exposed to the myelosuppressive medications
zidovudine (ZDV), interferon alpha (IFNa), ganciclovir (GAN),
or the myelosuppressive cytokines tumor necrosis factor-alpha
(TNF) or transforming growth factor-beta (TGF) implicated in
HIV dysmyelopoiesis.
Results: SCF (10 ng/ml) was capable of enhancing the numbers
of erythroid (BFU-E) colonies in the presence of ZDV or GAN (p
< .05) and myeloid (CFU-GM) colonies in the presence of GAN or
IFN (p < .05) relative to controls. IL-3 (10 ng/ml) also
improved erythroid colony numbers in the presence of ZDV (p <
.05) and CFU-GM in the presence of IFN (p < .05). Neither
factor consistantly altered the inhibition of TGF or TNF. The
50% inhibitory concentration (ICy,) of the myelosuppressive
agents was altered in only one setting: by IL-3 in the
presence of 2ZDV.
Conclusions: These data suggest that SCF or IL~3 may have a
therapeutic application in overcoming hematopoietic
abnormalities associated with drugs commonly used in the care

of AIDS patients. In contrast, they may have less capacity to




overcome the bone marrow inhibitory effects of the endogenous

cytokines TNF and TGF.

INTRODUCTION:

Decreased blood cell counts are commonly observed in HIV
infected individuals and are the dose limiting toxicity of several
important therapeutic agents used in the treatment of AIDS
patients. The myelosuppressive drugs 2ZDV, GAN or IFNa are often
administered daily and for prolonged periods (unlike the
intermittant use of cancer chemotherapy). Agents which may
mitigate the myelosuppressive effects of such drugs should
therefore have the capacity to overcome their toxic effects when
concurrently present. To that end, we have investigated the
hematopoietic stimulatory activity of two growth factors with
activity early in the hematopoietic cascade, SCF and IL-3, in the
presence of ZDV, GAN or IFNa. We have also studied the effects of
SCF or IL-3 on in vitro hematopoiesis in the presence of two
cytokines postulated to be myelosuppressive and inappropriately
produced in HIV disease, TNF and TGF.? These factors would
similarly be expected to be present concurrent in with the
stimulatory growth factors if the latter were to be used as
therapeutics.

Human SCF, also known as c-kit ligand, has a wide range of
biological activities most notably within the hematopoietic system.
410 Although alone it has only minimal effects on cell number, SCF

in combination with other hematopoietic growth factors is a potent




stimulus for myeloid, erythroid and lymphoid cell proliferation.
IL-3 also acts on early bone marrow progenitor cells, but at a
later stage of hematopoietic differentiation than SCF. Unlike SCF,
it is capable of stimulating the proliferation of blood cells when
used as a single agent. The differences between these early acting
factors may result in different effects on blood cell progenitors
in the presence of myelosuppressive agents and suggest applications

for their ultimate use in clinical care.

METHODS:

Cells: Human bone marrow cells were obtained from normal
volunteers using protocols approved by the Institutional Review
Board of the New England Deaconess Hospital. Light-density
mononuclear cells (MNC) were collected following density
centrifiguation over Ficoll-Hypaque gradients (Pharmacia,
Piscataway, NJ). Cells were washed twice in Iscove's Modified
Dulbecco’'s medium (IMDM) (Gibco Laboratories, Grand Island, N.Y.)
supplemented with penicillin (250U/ml), streptomycin (250mcg/ml)
and 20% fetal calf serum (FCS) (JR Scientific, Inc, Woodland, CA).
Bone marrow cells were incubated overnight on tissue culture dishes
and nonadherent cells removed and washed in IMDM.

Drugs and Cytokines: Recombinant human SCF (2.3 mg/ml) and
recombinant human IL-3 (2.2 mg/ml, >10'U/mg) were provided by Amgen,
Inc. (Thousand Oaks, CA). Zidovudine (Burroughs Wellcome Co,
Research Triangle Park, NC) at 20uM was diluted in phosphate

buffered saline (PBS). Ganciclovir (Syntex, Palo Alto, CA) was




reconstituted in PBS at 1lmg/ml. Recombinant human interferon
alpha-2a was kindly provided by Roche Pharmaceuticals (Nutley, NJ)
at 10’U/ml. Human transforming growth factor beta-1 (R & D Systems,
Minneapolis, MN) was diluted according to manufacturer's
recommendations and used at 10ng/ml. Recombinant human tumor
necrosis factor alpha was kindly provided by Genetics Institute
(Cambridge, MA) and diluted to 100ug/ml in PBS. These agents were
added to the bone marrow cultures at varying concentrations as
indicated below.

Bone marrow colony assays: Light-density adherent bone marrow
cells were cultured at a concentration of 5 x 10'cells/ml in 1ml of
semisolid methycellulose matrix consisting of 0.9% methylcellulose,
IMDM with 30% FCS, 0.8% deionized bovine serum albumin (Sigma,
fraction V), 10%mol/L 2-mercaptoethanol, recombinant human GM~CSF
(kindly provided by Genetics Institute) at 1.8nmol/L and
recombinant human EPO (kindly provided by AMGEN), at 1U/ml. The
cells were cultivated at 37°C and 5% CO, for 14 days and colony
number scored. Experiments were performed 3}-4 times each with each
sample performed in duplicate.

Statistical analyses were performed using two-sided student's
t test. Differences were considered significant when a p < .05 was
achieved at all dose levels of inhibitor tested. IC,, was derived
by linear regression analysis using mean colony numbers; standard

error of IC,was calculated using data from three independent

experiments.




RESULTS:

Addition of SCF to human bone marrow cultures increased the
number and size of erythroid (BFU-E), myeloid (CFU-GM) and mixed
lineage (CFU-mix) colonies (2.9, 1.3 and 2.7 fold respectively; p
< .05). In contrast, IL-3 increased CFU-GM (1.5 fold; p < .05),
but provided no significant additional support of BFU-E or CFU-mix
when added in comparable concentrations.

ZDV added to marrow cultures at concentrations similar to
clinical serum levels, suppressed BFU-E and CFU-GM in a dose
dependent manner (Figure 1). In the presence of SCF, there was
significant improvement in the ZDV-induced suppression of erythroid
colonies; myeloid «colonies increased, but did not achieve
statistical significance. The percent suppression of either colony
type by 2DV was not statistically significantly different comparing
SCF treated cells with no SCF controls and the derived IC,, of ZDV
was unaffected by the presence of SCF (Table 1).

IL-3 (10 ng/ml) significantly increased BFU~E in the presence
of 72DV, but did not affect the number of CFU-GM. The IC, of 2DV
was significantly improved by IL-3 (0.5 +/- 0.luM versus 1.0 +/-
0.2uM ZD0V; p < .05).

GAN at concentrations of 0.1lug/ml, 0.2ug/ml or 1lug/ml
(concentrations obtained in vivo) suppressed erythroid and myeloid
colony numbers in a dose related manner (Figure 1). Compared with
controls, SCF (10ng/ml) was able to significantly increase the
numbers of erythroid or myeloid colonies (p < 0.05). IL-3 did not

induce any significant alteration of either erythroid or myeloid




colony number. GAN IC,, was not significantly altered by either SCF
or IL-3.

IFNa reduced BFU~E and CFU-GM; SCF and IL-3 were capable of
improving CFU-GM colony numbers, but neither significantly altered
the numbers of BFU-E nor the ICy for either colony type.

Both TGF and TNF induced a dose related decrease in erythroid
or myeloid colonies which neither SCF nor IL-3 affected in a

statistically meaningful way.

DISCUSSION:

The studies reported here provide an in vitro assessment as to
whether the bone marrow suppression observed in HIV infected
individuals, due to either specific drugs or endogenous
dysregulated cytokines, may be ameliorated by administration of the
growth factors SCF or IL-3. These factors are of particular
interest because they act early in the differentiation of
hematopolietic cells and may enhance the multiple different cell
lineages often suppressed in HIV-1 infection.

SCF was able to increase colony numbers in the presence of
myelsuppressive drugs (ZDV, GAN, IFN), but did not improve colony
numbers above contrul when the suppressive cvtokines TNF or TGF
were present. Even in the setting in which SCF was capable of
increasing colony numbers (2ZDV, GAN or IFN) there was no consistent
effect on the IC, of the inhibitory factor. These data contrast

with Miles et al. who detected a SCF dependent change in the IC,, of




ZDV. However, their IC,, appeared to vary based on the
concentration of erythropoietin in the culture conditions, possibly
accounting for the differences in our data.'

IL-3 stimulated increased numbers of CFU-GM under control
conditions and in the presence of IFN, but not in the presence of
ZDV, GAN, TNF or TGF. The numbers of erthyroid colonies were
improved in the presence of 2DV and the ICy, significantly increased
suggesting some protective effect of IL-3 on the toxicity of 2zZDV.
Alterations in the cellular handling of thymidine analogues by IL-3
have been noted by others'? and may contribute to the effect we
observed.

Other than the effect of IL-3 on 2DV suppression of BFU-E,
neither IL-3 nor SCF were capable of affecting the 1IC,, and,
therefore, the sensitivity of blood cell progenitors to the
inhibitory drugs. Rather, it may be that the effect of SCF or IL-3
is simply to improve the overall cell number to an extent that even
in the presence of suppressive agents, a significantly higher
number of colonies remains.

In the presence of the inhibitory cytokines TNF or TGF,
neither SCF nor IL-3 were able to significantly improve the colony
numbers. These data suggest mechanisms of myelosuppression by TNF
and TGF distinct from those mediating the inhibitory effects of
ZDV, GAN of IFNa. TNF and TGF appear to dominantly alter cellular
proliferative responses to SCF, IL-3, GM-CSF or EPO rendering the
cells less responsive to these stimulatory signals.

The experiments reported here suggest that SCF or IL-3 have




potential therapeutic roles in overcoming the hematopoietic
abnormalities associated with certain myelosuppressive drugs
commonly used in the care of HIV infected patients. In contrast,
these factors may be less able to overcome marrow dysfunction
induced by the endogenous inhibitory cytokines, TNF and TGF. The
extent to which the inhibitory cytokines play a role in the
clinically observed hematopoietic abnormalities of HIV disease
remains to be determined and the potential role for these two early
acting hematopoietic growth factors in the care of these patients

requires further study.




FIGURE LEGENDS
Pigure 1: BFU-E (left column) or CFU-GM (right column) in the
presence of zZDV (0, 0.05, 0.1 and 1.0uM), GAN (0, 0.1, 0.2 and
1.0uM), IFN (0, 100, 1000 and 5000U/ml), TGF (0, 0.04, 0.4, 2.0
ng/ml) or TNF (0, 0.4, 4.0 and 20 ng/ml) and control, SCF (10

ng/ml) or IL-3 (10 ng/ml). Data presented are the mean and SE.
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ABSTRACT

Ceramide, an intracellular lipid mediator of tumor necrosis factor
aipha (TNFa) action, was studied for its effects on the expression
of the proviral Human Immunodeficiency Virus type 1 genome in
latently infected myelomonocytic cell lines U-1,; and OM-10.1.
Ceramide treatment resulted in a 20 to 100-fold enhancement of HIV
production in these cells. Ceramide also enhanced the expression of
the chloramphenicol acetyltransferase gene directed by a Human
Immunodeficiency Virus type 1 Long Terminal Repeat in transfected
U-937 cells, indicating that ceramide acts at the level of viral
transcription. These observations suggest that the TNF-ceramide
signalling system may be involved in the regulation of HIV

expression in certain myeloid cell types.




INTRODUCTION

Ceramide is a recently recognized intracellular lipid second
néssenger formed from sphingomyelin by the action of a receptor
activated sphingomyelinase upon stimulation of various cell types
by gamma-interferon, 1,25~-dihydroxy-vitamin D, or tumor necrosis
factor alfa (TNFa) (1-9). The ceramide generated within the cell
participates in signals related to cell differentiation or
apoptosis (10,11). These effects can be experimentally obtained by
the exogenous administration of ceramide (10-13).

Since both TNFa and 1,25-dihydroxy-vitamin D, are potent
inducers of the expression of the proviral HIV genome, and this
induction could involve ceramide as an intermediary (8,9,13-
22,24,26), we decided to study the direct effect of exogenous
ceramide on the expression of HIV. We examined as models of
ceramide modulation of HIV expression two latently infected
myelomonocytic cell lines, (U~-1,,; and OM-10.1). The noninfected
counterparts (U-937 and HL-60, respectively) of these lines are
relatively well characterized in terms of ceramide signaling (2-
$,11,13). The U-1;y and OM-10.1 cell lines produce little or no HIV
under basal conditions but significant levels of virus after
simulation (15,21,23,25), and therefore are of value in assessing

the role of signal pathways in the induction of viral gene

expression.




MATERIALS AND METHODS

Cells
The U-1,; cell line was obtained from the AIDS Research and

Reference Reagent Program, National Institute of Health. The OM-
10.1 and U-937 cells were obtained from the American Type Culture
Collection. The cells were cultured in HEPES buffered RPMI-1640
medium (Gibco) supplemented with 10 § heat inactivated fetal calf
serum (HyClone), penicillin, streptomycin, glutamine, sodium

pyruvate, MEM nonessential amino acids and glucose.

Chemicals

C-2 ceramide (N-acetylsphingosine, from Biomol Research
Laboratories, Inc.), was added to the culture media from a 0.1 M
solution in dimethyl-sulfoxide (DMSO) with vigorous agitation,
immediately before the addition of the cells. The concentration of
DMSO diluent was less than 0.1% in the experiments, was included in
appropriate control experiments, and did not interfere with the
assays. Recombinant human TNFa was obtained from Genzyme. Initial
cell densities in each experiment were adjusted to Sx10°cells per
ml. Cell counts and viability were determined using a hemocytometer

and the Trypan-blue exclusion technique.

Virus quantitation

HIV-1 production was assessed by quantitating core p24

concentration in culture supernatants using the DuPont HIV-1
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antigen capture ELISA system according to the manufacturers
instructions. Samples were assayed in duplicate. 1Indirect
immunofluorescence staining of methanol fixed cells was done using
hﬁman HIV positive serum and anti-human IgG-fluorescein-

isothiocyanate conjugate as previously described (27).

Transfection of U-937 cells

The pU3R-III CAT plasmid (28) was modified by insertion of the
hygromycin-B~phosphotransferase gene, obtained by PCR amplification
from the plasmid pREP4 (Invitrogene, San Diego, California) into
the single Xhol site (pU3R~-III CAT/h) as described in (28). Stable
introduction of this expression vector into U-937 cells was
accomplished by electroporation. Briefly, 1.5x10’ cells were washed
with PBS, resuspended in 500 ul PBS, 30 ug plasmid was added and
the cells were electroporated on ice in a disposable
electroporation chamber by a Cell Porator instrument (Gibco) at 300
V, 1180 uF. After ten minutes on ice the cells were grown in RPMI-
1640 medium (Cellgro, Mediatech) containing 10 % fetal calf serum,
penicillin, streptomycin and glutamine for 24 hours. Selection of
stable transfectants was done by culturing the cells for 5 weeks in
the above medium supplemented with 400 U/ml Hygromycin-B

(Calbiochem).

Chloramphenicol acetyltransferase assays
CAT assays were performed by standard methods (29). Briefly,

pPU3R-III CAT/h transfected U-937 cells were resuspended in




Hygromycin-free medium at an initial density of 5x10° cells/ml and
stimulated with warious concentations of ceramide. After five days
the cells were harvested, washed with PBS and cell counts and
viabilities were determined. Cells were than resuspended at a
density of 2x10’ cells/ml in 250 mM Tris/HCl pH=8.3, frozen and
thawed four times and the obtained cellular lysate was centrifuged
at 10 000xg at room temperature for ten minutes, incubated for ten
minutes at 60 °C and centrifuged as above. CAT assays were done at
37 °C by mixing 0.05 uCi a-'*C-chloramphenicol with cell 1lysate
corresponding to 1x10° cells in 170 ul of 250 mM Tris/HCl pH=8.3
containing 0.5 mM acetyl-coenzime-A, us in (28,29). After 30
minutes the reaction was terminated by the addition of 500 ul
ethyl-acetate and the acetylated chloramphenicol forms were
resolwed by thin layer chromatography on IB2 silica plates
(J.T.Baker) with chloroform/methanol 95:5 as a developing solution.
Plates were than autoradiographed, acetylated and nonacetylated
chloramphenicol forms were cut out and counted in a beta liquid
scintillation counter. Data presented in this report represent at

least three separate experiments.




RESULTS

, Consistent with previous studies on non-infected cells (10-
12), ceramide induced a dose-dependent inhibition of cell
proliferation (Fig. 1 panel B). This was not accompanied by marked
cell death during a four day incubation period (Fig.l1 panel C), as
cell viability remained higher than 85 % throughout the experiment.
The concentration dependence of cell growth inhibition observed
here is in accordance with previous experiments reported by others
on noninfected cells (1). The growth stasis induced by 50 uM
ceramide was accompanied by an approximately 30-fold increase in
HIV production by the U-1; cells (Fig.l1l panel A), as judged by the
measurement of culture supernatant HIV-1 p24 concentration.

The time course of the effect of ceramide on latently HIV
infected cells is shown on Fig. 2. In this experiments the cells,
at an initial density of 5x10°/ml, were treated with ceramide or
DMSO control medium and cultured for 5 days. Cell densities were
kept below 2x10° throughout the experiment by addition of fresh
medium containing ceramide or DMSO diluent. As shown on Fig. 2
panel C, 50 uM ceramide caused an initial arrest of growth. In
parallel, a 20 to 100-fold enhancement of HIV production was seen
in both myelomonocytic cell types used (Panel A and B). Consistent
with previous reports on the induction of apoptosis by ceramide in
HL-60 cells (11), this was accompanied by marked cell death after
4 days in the case of OM-10.1 cells (Panel D). The induction of HIV

production by ceramide was accompanied by a significant increase of




the percentage of cells staining positive for HIV antigen
expression by immunofluorescence, with increases from 0.01 % to 7-
10 ¥ and from 5-15 to 50-60 % for the U-l,; cells and OM-10.1
cells, respectively (Fig. 3). These data demonstrate that ceramide
acts by inducing the expression of HIV by latently infected cells,
rather than by increasing the production of HIV by a small
constitutively expressing subpopulation present in the culture.
To assess if ceramide‘s effect is due to direct activation of
the LTR directed transcription of the HIV provirus or is the result
of posttranscriptional effects, we studied the expression of the
bacterial chloramphenicol acetyltransferase (CAT) gene directed by
an HIV LTR in transfected U-937 cells exposed to ceramide. As shown
in Fig. 4, ceramide induced a concentration dependent enhancement
of the HIV LTR driven transcription of CAT, as determined by
chloramphenicol acetyltransferase activity measurments. This
indicates that ceramide acts by enhancing viral transcription. This
observation is consistent with previous reports in which ceramide

activated NF«B, an important, though not exclusive activator of HIV

transcription. (30).




DISCUSSION
, TNFa induces HIV provirus expression in various cell types,
including those of the myelomonocytic lineage (15,16,21). It has
also been observed that TNFa induces increases in cellular ceramide
levels, and that inhibition of proliferation and induction of
apoptosis by TNFa can be mimicked by ceramide (8,10,11,26). Thus,
it has been -’ »stulated, that TNFa action is mediated by ceramide
(8,11,26). We have extended these observations and now show that
exogenous ceramide activates HIV expression by inducing cells to
switch from latent to productive infection. This provides direct
support for the model that the HIV inducing effect of TNFa occurs,
at least in part, via the ceramide signalling system and involves
the stimulation of LTR directed HIV gene transcription.

When the effects of ceramide on HIV expression were compared
to that of PMA or TNFa we found ceramide stimulation to be 3-6 fold
less potent than the other agents (Results not shown). This could
be due to difficulty in cell penetration by ceramide. This
hydrophobic molecule may associate primarily with extracellular
proteins present in the culture medium (1), may insert into the
plasma membrane and fail to equilibrate with the cytosol, or may be
metabolized within the cell. Alternatively, the ceramide pathway
may be only one of several intracellular signalling pathways
triggered by TNF receptor activation. TNF receptor triggering may

activate the ceramide and protein kinase-C mediated pathways

simultaneously (8), resulting in higher stimulation than that

10




observed with ceramide alone.

Since increased cellular ceramide levels have been reported
during the course of acute HIV infection (22), ceramide signalling
may be involved in a positive feedback regulatory system of HIV
expression. This system, similar to that described for TNFa
(16,21) may represent a potential target for novel pharmacological

strategies designed to reduce production of the retrovirus.
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LEGENDS TO FIGURES

Fig. 1.

Concentration dependence of ceramide action.

U-1g, cells at a density of 5x10° cells per ml were incubated in the
presence of various concentrations of ceramide and viable cell
number and supernatant HIV p24 levels were determined at day 4.
Panel A: HIV-1 p24 production.

Panel B: Viable cell counts.

Panel C: Cell viability.

Fig. 2.

Time course of HIV expression by ceramide treated cells.

Panel A: HIV-1 core p24 production by U-1,; cells. : control,
: ceramide treated cells.

Panel B: HIV-1 core p24 production by OM-10.1 cells treated with 50

uM ceramide. : control, : ceramide treated cells.

Panel C: Relative cell growth in the absence or presence of 50 uM

ceramide. and : OM-10.1; and ¢ U-1py

cells. Open symbols represent controls, full symbols represent

ceramide treated cells. Initial cell density : 5x10° cells/ml.

Panel D: Cell viability in the absence (open symbols) or presence

of 50 uM ceramide.

Fig. 3.

Immunofluorescent staining of control (A) and (C), and ceramide

13




treated (B) and (D) cells (day 5, 50 uM ceramide) with HIV positive
serum. (A) and (B): U-1lp, cells, (C) and (D) : OM-10.1 cells.

Fig. 4.

Enhancement of CAT transcription driven by the HIV LTR by ceramide.
U-937 cells transfected by the pU3R-III CAT/h plasmid were exposed
to increasing concentrations of ceramide, DMSO vehicle or PMA as a
positive control and CAT activities were determined at day 5.

Ceramide induced a dose dependent increase in CAT activity.

14
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