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ABSTRACT

It has been proposed that the cytotoxic T lymphocyte (CTL) response to the
Humﬁn Immunodeficiency Virus (HEV)-1 plays an important role in delaying progression
of the discase in infecled individuals. These CTLs bear the CD8 cell-surface marker and
kill virus-infcctcd cells in an MHC-restricted way. The characterization of the viral
epitopes recognized by these CTLs is valuable in the design ol a vaccine. A frequent
problem in the analysis of the CTL response is the lack of an adequate target cell. My
objective was 10 establish the conditions necessary to measure CTL activity, The
approach was to clone peripheral blood mononuclear cells (PBMC) from HIV- 1+
asymptomatic patieats to obtain CD8" clones and test these cclls against autologous
cpat T lymphoblasts. The infection of the CD4 cells was problematic and experiments
were performed to improve the infection of CD4*+ T celi lymphoblasts. “Titration and
quantization of vi.rus stocks were carried out in normal T cells and in ihc HUT-78 cell
line. Detection methods of infection included: 1) the p24 Antigen assay (Abbott), 2)
immunofluoréscence (IFA) and 3) the Cytopathic Effect (CPE). The results demonstrate
lhai the supernatant used for infection should contain at least 100,000 pg/ml of p24
antigen. I also tested the following enhancers of viral inl‘ectivily:: DEAE-Dextran (DD),
Polybrene an'd Tumor Necrosis Factdr-Alpha (TNFq) in normal T cells and HUT-78
cells and found that DD greatly increases infection when used as pretreatment and during
infection at 10 ug/ml. Polybrene (2.5-5 |1g/ml) also increases infection when used as
pretreatment and during infection but not as chh as DD. It proved lo be less toxic than
DD and would be useful when a slow, less acute infection is desired. The effect of TNF
o at 5 ng/mi was not noticeable in normal T cells the first few days after the infection but
the infection increased six or seven days later. TNFa did not have any significant effect
on the HUT-78 cell line. The improved infection protocol with the usc of enhancers will
be useful in the production and maintenance of high titer virus stocks in the laboratory -

and in the infection of sensitive target cells for CTL assays. |



iii

1 was also able to determine that the infection of the CD4* T cells should be
done 3 days after Phytohemagglutinin (PHA) stimulation. Cells that were infected 6
days after PHA stimulation had very low levels of infection as determined by p24 Ag

‘assay and TFA.

This ncw improved infection protocol was tested in CTL assays with PBMC from
HIV-1+* asymptomatic patients. The results were not promising and I concluded that the
CD4+ T lymphocyte is not a sensitive target to detect HIV-1-specific CTL from fresh
blood of asymptomatic patients. The reason is ihat CD4T lymlphocyle numbers are quite
'low in paticats and the cells have to be cultured for 5 or 6 days in order to have sufficient
numbérs for the CTL assay. By then, however, in spite of the fact that viral entry is not
affccted, the cells become relatively resistant tcju viral infection and perhaps CTL killing.

' 'l_‘hc.mc.chanisms for such resistance remain to I'be determined.

|

|
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L INTRODUCTION

L.1. Human Immunodeficiency Virus-Type 1.

The Acquired Immunodeficiency Syndrome (AIDS) was first described in 1981
(Gottlicb, et al., 1981). The Human Immunodeficiency Virus; type 1 (HIV-1) was
identified as the ctiologic agent of AIDS in 1983 (Barré-Sinoussi ct al., 1983).
Serocepidemiological sludics suggested Central Africa to be lhé cradle of HIV-1,

In 1986, a second human 1mmunodcﬁcxency virus (HIV-2) was isolated from |
West Africa. Both HIV-1 and HIV 2 are retroviruses belonging to the lentivirus g group.
The mclusmn in this group is based on genctic and morphologic criteria. Assuming a
~ constant ratc of evolution comparable to that ol" other retroviruses, it is estimated that
| HIV-1 entered the human population approximatcly 50 yéars ago. HIV-2, was found to
~ be more closely related to the simian immunodeficiency virus isolated from macaques in
capli\}ily (SIVmac) than to HIV-1, Nonclhelcss,. the major biological and genelic

features are parallel although HIV-2 may be less virulent (Wong-Staal, l990).

- LL1, T.he HIV-1 genome and viral proteins.

One feature that distinguishes the lentiviruses from other retroviruses is the
remarkable complexity of their viral genome. The HIV-1 genome encodes not only the
virion proteins gag, pol, and env which are the three structural genes essential for virus
replication common to all retroviruses, but also two different proteins required for virion
morphogenesis and maturation (vif and vpu), a protein of unknown function (vpr) and
threc nonstructural, regulatory proteins (rat, rev, and nef) (Cullén & Greene, 1989).

The gag gene, named in honor of the first recognition of the proteins encoded by
it as group-specific antigens, encodes a polyprotein precursor that is subsequently
cleaved by the viral protease during maturation into the following core proteins: p24

which is the major core antigen, p18 which is the myristoylated gag protein and p15 |



which may be the RNA-binding protcin. The phosphorylated p24 polypeptide forms the
chicf component of the inner shelf of the nucleocapsid

The pol gene encodes a precursor protein which is cleaved to yield the enzymes:
prolcase, reverse transcriptase, integrase and ribonuclease.

The env gene encedes a glycosylated polypeptide precursdr (gp160) that is |
processed to form the e)_(lcrior glycopfotcin (gp120) and the transmembrane glycoprotein
(gpd!l). This processing of gpl160 appehrs 1o be essential for infection and syncytia
formation (Wong Staal, 1950). The env gene is the one that shows greater variabili.ly.

- This degree of variability among indcpeﬁdcﬁl virus isolates is one of the principal
features 61‘ the HIV-1 genome' and onc of the key obstacles in the development of a
vaccin_c;

The tar gene stimulates expression from the HIV-1 Long Terminal Repeat (LTR).

It has a trans-activating function through a "transactivation response element” located in
the HIV-1 mRNAs'and it is essential for the replication of HIV-1, _

" The rev gene regulates expression of the virion structural proteins by inducing the
cyloplasmic expression of unspliced (gag,pol) and singly spliced (env, vif) viral mRNA
while simultancously reducing the expression of the doubly spliced RNAs that encode
the viral regulatory proteins; thus the Rev protein down regulates its own production; it
acts through an RNA motif termed Rev response element (Cullen and Greene, 1989).

- The nef gene, or "negative factor” was thought to reduce transcription driven by
the HlVl—l LTR. But recently some authors répon that it does not act as a negative factor
(Kim ct al., 1989; Hammes et al., 1989). This protein is found mainly outside the "
nucleus in the cyldplasm and is absent from infectious HIV-1 virions (Chenciner et al.,
1989).

The vif gene or “virus infc'cﬁvi;y factor" is the product of a short open-reading
frame that encodes a protein necessary for virion infectivity. Tt appears 10 have important

functional roles dufing late stages of virion morphogenesis.



1.1.2. Life Cycle
The receptor for HIV-1 is the CD4 molecule present mainly in T cells and

macrophages. The binding of viral envelope gpi20 to the CD4 receplor is the first step

of viral entry into the ccll. Studies with enveloped viruses have defined two distinet

pathways by which virus can enter the cell: dircct fusion of the viral envelope with the

plasma membrane and ihtcmalization of the virus-receplor complex by receptor-mediated

endocytosis (Kielian and Helenius, 1986). In the low pH ol the endosome that is formed,

the viral envelope fuses with the limiting membrane of this vacuole and the nucleocapsid
enters the cytoplasm of the cell.

| The CD4 molecule is internalized after exposure of CD4+ T cells to cililcr |
phorbol esters or appropriale anligcﬁ-bcaring target cells (Hoxic et al, 1986). Tlxésc
obscrvations had led to the suggestion that lﬁc HIV-1-CD4 complex on the cell surlace
was internalized via acidic endocytic vesicles (endosomes). However, studics with
agents that raise the pH of these intraccllﬁlar organelles failed to inhibit HIV-1 ealry via
the endocytic pathway. This suggests that entry of HIV-1 results from direct fusion of
the viral envelope with the cell membrane (McClure ct al., 1988; Maddon ct al., 1988).

After intemalization, the HIV-1 virion is rapidly uncoated. Viral replication

bc;gins with the generaiion of a first strand DNA copy of viral RNA mediated by the
HIV-1 encoded reverse transcriptase (RT). Second-strand DNA synthesis is also
controlled by the RT but proceeds after the ribonucleasc H (a product of po! gene)
partially degrades the original RNA template. The action of RT, when completed, yiclds
a double stranded DNA replica of the original RNA genome flanked by directly repeated
sequences termed long terminal repeats (LTRs) (Greene, 1991).  The viral DNA

- intermediate migrates to the nucleus, where it is covalently integrated into a host
chromosome bj( the viral integrase, thg third enzymalic product of the pol gene. This

_ gives rise 1o the HIV-1 provirus. The viral mRNAs reach the cytoplasm and encode

various regulatory proteins including Tar and Nef . This is the carly phase of expression



of the HIV-1 genes which is characterized by cytoplasmic expression of the viral
mRNAs. For the asécmbly of infectious HIV-1 virions, however, the retroviral structural
and enzymatic protcins must also be produced. These proteins are uniquely encoded by
incompletely proccssch viral transcripts, including the unspliced gag-pol mRNA and the

| singly spliced env mRNA. The transiiion between the synthesis of early regulatory genes
and late stn.ycuiral gene products is critically dependent on the HIV;ltRev pi'olcin which
aclivates the cyloplasmic cxprcs_sion of the HIV-1 RNA that eéncoded the products of the

- gag, pol and env genes. The products of the gag and pol genes form the core of the
mature HIV-1 virioﬁ. and the products Qf lhé env genes are the principal exterior-coat
proteins. After the cores arc assembled the final budding'process' takes place by cleavage
cvents mediated by the HIV-1 protease and the p17 of gag proteiﬁ. The protein products
ol the vif and vpu appbar to have important funclionai roles during these late stages of
virion morphogenesis. Specially, the pr proiein promotes the efficient release of the
budding viridns from the surface of the cell.. - The product of the vif gene also appears to

be necessary for full infectivity of the released HIV-1 virions (Greene, 1991).

I.1.3. Latency

In some cases, viral infection of resting lymphocytes results in a latent viral state
which canlbc converted to a productive form of infection fo]lowing cellular activation.
Cells in the growth zero (Gg) phase of the cycle appear to lack cellular factors required
for the comnlete synthesis of the full-length DNA provirus and may be unable to support
cffective integration of the DNA provirus into the host genome. These unintegrated
virions can be stably maintained in resting cells extrachromosomally for a significant
period of time in vitro (Stevenson et al., 1990). _After the activation state, which is
transient, the T lymphocyte cycles back into the resting phase as a memory ccll. But this
time the virion is established in a second latent form of an integrated but quiescent |

HIV-1 provirus (Cullen & Greene, 1989).



1.1.4. HIV-1 tropism

The virus is tropic for celis which bear the CD4 antigen on their surface. Among
these cells is included one of the principal -rcgulalory cells in the immune system, the T-
helper cell. Several other cells, such as dendritic cells, glial cells, macrophages, EBV-
~ transformed B cells and myeloid progenitor cclls, which express low levels of the CD4
molecule, can also be infected by HIV-1. |

HIV-1 can produce a persistent nonproductive infection 61‘ Epstcin-ﬁurr Virus
(EBV)-transformed human B lymphocyt_és where virions accumulate within cjtnplasmic -
ycsicles. These vesicles are similar in morphology but lcsS, abundﬁnl_lhan those
described in HIV-1 infected monocyle lines (Dahl‘c'L al., 1990). The persistent infection
in EBV-transformed B lymphocytes can aiso be productive (Tozzi et al.,, 1989). This
raiscé the possibility that B cells may constitute reservoirs for HIV-1-in vivo, similar to
that reported for macrophages (Ho et al., 1986). HIV-1 can also infect CD4-negative '
fibroblastoid cells (Tateno et al., 1989), and human bone marrow stromal [ibroblasts
(Scadden et al., 1990). There is onc rcport (Tsubota et al., 1989b) indicaling thzﬁ CD3+
lymphocyte lines can harbor the AIDS virus in vitro. Recently it has been reported that
HIV-1 can also infect Natural Killer (NK) cells in vitro (Chehimi et al., 1991). These
cells do not express the CD4 molecule and infection was not blocked by anti-FeyRII,
which raises the possibility that HIV-1 can enter cells ﬁa a receptor other than the CD4
glycoprotein.

In vitro infection of CD4™ T cells with HIV-1 can result in downregulation of
CD4 expressidn, but within peripheral blood mononuclear cells (PBMC), HIV-1 is
expressed in vivo predominantly in the T cell subpopulation which continues to express
the CD4 molecule on the surface. The frequency of infected cells in AIDS patients is at
least 1/100 cells including iatemly infected cells; this is a high viral burden as compared
1o asymptomatic HIV-1-positive individuals which have a frequency of 1/10,000 infected

cells (Schnittman et al., 1989).



I.1.5. Cytopathic Eflects of HIV-1.

The cytopathic effects of HIV-1 in the CD4+ T lymphocytes contribute in great
part to the disregulation of the entire immune system including the various cytokines
produced by the CD4 T lymphocyte and the other cells involved in immune responses.
One of the cytopathic mechanisms involves the cell fusion and the formation of syncytia.
This only requires the presence of the env gpl120 of HIV-1 and CD4-expressing cells.
The muitinuclcated syncytia of these uninfected CD4-cells eventually die. Other
mechanisms of cytopathicity include membrane injury with changes in permeability,
accumulation of unintegrated HIV-1 DNA and destruction of T cells infected with HIV-1
by both antibody and cytotoxic T-cell-mediated mechanisms (Greené, 1991).

Some strains of HIV-1 a:;c' associated with virulence in the host. The
characteristics associated with this are:1) enhanced cellular host range, 2) rapid kinetics
of replication, 3) high titers of virus production, 4) efficient cell killing, 5) sensitivity to
antibody-mediated enhancement and 6) lack of seuisitivity 1o suppression by the nef gene;
dilfcrent strains with distinct féaturcs can emerge in the same individual and be fouﬁd
particularly in certain tissues; the cylopathogenicity appears to be linked to the envelope
genc, most likely the glycosylation pattern of the BIV gpl120 (Levy, 1990). It has been
argucd that the HIVJ-speciﬁc CTL aclivity can be deleterious to the patient. In BIV-1-
infected humans, specific CTL have been isolated from tissues like the lung where

inflammatory reactions arc clearly occurring (Guillon et al, 1988).

1.2. The Immune Response to HIV-1.

The immune syslcm has two main branches to tespond to an antigenic challenge:
1)Humoral, which is the production of antibodies by B cells and 2) Cellular which is the
killing of virally or parasite-infected cells by cytotoxic cells. Despite the detection of
both humoral and cellular immune responses in HIV-1-infected people, the exact role of

the immune system in the pathogenesis of AIDS has not been totally ellucidated.



Evidence suggests that the immune response plays a critical role in delaying the clinical
manifestations of the discase. Proof of this is that a great number of infected people
remain asymptomatic for years afler the infection despite persistent viremia. This is in
contrast with the perinatal transmission where the immunologicatly immature infant

usually dcvélops pathological discasc by the sccond year of life (Auger ct al,, 1988).

1.2.1. Humoral Response

HIV-1 clicits a broad-spectrum B cell immune response in infected individuals.
Betwecen 1 and 3 months after infection, antibodics specific for all the major proteins are
generally present. Typically, reactivity with the p24 and gp41 products of the gag and
env genes respectively is associated with seropositivity. Protein products of the HIV pol
gene (protease, reverse transcriptase and endonuclease) are also detected on immunoblots
by most patient sera. Anti-core (p24) antibodies frequently fall off with increasing
illness and poor prognosis in AIDS (Sattentau, 1989; O'Shea et al., 1990). Lon antibody
reactivity to accéssory gene products nef, rev, and tat also appears 1o be associated with
rapid progression to AIDS afier infection with HIV-1 (Rei=rct al., 1990).

Neutralizing antibodies, even though they can be detected in the serum of most
HIV-1 positive patients, are not enough to control the progression of the discase; the
majority of these neutralizing antibodies are directed against the major envelope
glycoprotein, gp120. Transmission of HIV-1 from cell to cell makes virus destruction
difficult by means of antibodies only; thus, neutralizing titers of antibodics are generally
low in HIV-1 infected patients (Sattentau, 1989).

In some cases HIV-1 infeclioﬁ is enhanced in vitro via an antibody-dependent
enhuancement mechanism., Both Fc and complement receptor might be involved in the
internalization of HIV -1 in some cases (Fanger ct al., 1989; Levy, 1990).

Classic Antibody-Dependent Cell mediated Cytotoxicity (ADCC) is also

~ operative in seropositive patients. FcR-bearing cells "armed” in vivo with anti-gp120



antibodies can mediate this gp120-specific cytotoxicity. This cytolytic aclivity is not
MHC-restricted. When gp120 is liberated from cells during virus replication, it
associates with CD4-bearing cells in the absence of infectious virus. This renders these
cells susceptible 10 a form of lympholysis which destroys the so-called "innocent
bystander” cells. The antibodics in paticnts' antisera which correlate best with ADCC are

those against p24 rather than against the envelope glycoproteins.

1.2.2. Cellulaf Response.

The cellulﬁr response is mediated by cylotoxic cells. This cytotoxic response is
one of the early host defenses against intracellular infections including viruses and |
parasites. It can be non specific, mediated by macrophages, natural killer cells (NK) and
Lymphocyle Activaied Killers (LAK), and it can be specific, mediated by cytotoxic T
lyinphocylcs (CTL). The specific response has two major requirements to kill a cell: 1)
both killer cell (effccldr) and target cell have to share the same molecules of the major
~ histocompatibility complex (MHC reslriction) and 2) the target has to present processed‘
antigen (viral proteins) on the surface as a complex with the MHC molecule. The MHC -
molecule can be of Clas§ I, present in most cells, and Class II present mainly in
macrophages, B cells and antigen presenting cells. The majority of cytotoxic T cells are
usually.of the CD8 phenotype restricted by Class I (A,B,C) MHC but they can be CD4 T
cells restricted by Class 1I (DP, DR, DQ) MHC. The CD8 CTL specialize in killing cells
~expressing endogenous antigens present in the cytoplasm which are processed and
presented on the surface with Class 1 MHC molecule. The CD4 CTL will kill cells that
present exogenous antigens processed and presented with Class I MHC. Since CTL
typically recognize viral antigen which has been processed and presented at the celll
surface as a short peptide fragment, the use of synthetic viral peptides has been used to
sensitize targets to virus-specific lysis in vitro. The first studies regarding epitopes

recognized by HIV-1-reactive CTL were performed in mice immunized with a
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recombinant vaccinia virus expressing the gpl60 envelope protrein (Takahashi et
al.,1988). In studics of HIV-1-infccted people (Plata et al., 1987b), a difTerent envelope
cpitope was reported from the C terminal portion of gp 120 HIV-1 (Bru), restricted by
HLA Class T antigen A2 which is highly conserved among sequenced isolates. In
addition to CTL epitopes wilhin the envelope protein, gag epitopes have also been
identificd restricted by HLA B27 (Nixon ct al., l988)i Four additional gag cpitopes [rom
the p14 and p24 proteins have been identified using a different methodology. In these
experiments, proteins representing computer-predicted gag T-cell epitopes were uscd
(Claverie et al., 1988). Another internal viral protein which serves as target for HIV-1-
specific CTL is viral RT (Walker ct al., 1988 and 1989). To define these epitopes of RT,
target cells are infected with recombinant HIV-1-vaccinia viruscs expressing lruncated
RT gene inserts or synthetic peptides (Walker et al., 1989). Other proteins of the virus
like nef and vif can serve as targets [or CTL (Chenciner ct al., 1989; Plata, 1989). The
internal viral proleins of HIV-1 (gag, RT) cxhibit far less heterogeneily among sequenced
isolates than does envelope glycoprotein and the charactization of those epitopes is very
important from the vacciﬁe development standpoint. |

HIV-1-specific human CTL recognize the HIV-1 cnvélopc glycoprotein 120 in
association with HLA-A?2 transplantation antigen. Analyses of other patients indicate
that HLA-A1,-A3, A9, All, B8 and B27 can also associate with HIV-1 antigens for
CTL recognition te occur (Langlade-Demoyen, 1988; Nixon et al., 1988; Walker et al.,
1989). A hierarchy of HLA antigens concerning their capacity to associale with HIV-1
proteins remains to be established.

Even though the cytolytic machinery of CD8*DR*cells is still functioning in
‘patients with AIDS, it seems that their HIV-1-specific cytolytic activity is lost in the last
stages of the disease, The rcason for this decrease in CTL activity with discase
progression rhay be due to several factors. Reports demonstrating that the CD8+ T

lymphocytes may be infected with HIV (Tsubota ct al., 1989b) suggcsls one possible
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mechanism for this decrease . Another possible factor involved in the progressive
decline of CTL activity is not sufficient helper cell function as CD4 depletion becomes
more severe. HIV-1-specific CTL contributes to the gradual loss of CD4+ cells by
killing these virally infected cells. Also CD4 T lymphoblasts and monocytes adsorb
HIV-1 gp120 on their cell surface and become adequale largets for CTL attack or for
anlibody-dépcndcnl cell mediated cytotoxicity (ADCC). The decrease in cytotoxicity
may result at least in part from a progressive decrease in the pool of HIV-1-specific
cytotoxic T iymphocytes belonging to the CD8*DR+CD25- subset. These cells do not
express the 1L-2 receptor (CD25) and show a defect of proliferation in vitro in respense
to stimuli such as PHA or monoclonal zinlibodies directed against the CD3/T-cell
receptor complex, CD2 and CD28 molccules. What happens in vitro may reflect a defect

_ in the ability of these cells to amplify in vivo. This might explain the diminished CTL
function in AIDS patients as disease progresses (Pantaleo et al., 1990b) and the decrease
in the frcqucncy of HIV-l-spccifié CT L precursors as infection progresses (Hoffenbach
et al., 1989; Gruters et al., 1990). Interleukin-2 can restore the diminished levels of HIV-
1-specific cytotoxic cells in the advanced stages of the discase. This indicates that IL-2-
producing T cells are being affectﬁd during the course of the disease and that the defect is
not in the CD8* CTL function (Via et al., 1990).

Many of the initial CTL studies tried to characterize the specific CTL response
directed at the HIV-1 envelope glycoprotein. Using recombinant vaccinia viruses
expressing the env gene 10 infccléd EBV-transformed B cells, a response was
demonstraied using fresh peripheral blood (PBMC) from seropositive subjects (Walker
ct al., 1987a). Other laboratories have reported the use: of this EBV/ recombinant vaccinia
system (Chakrabarti et al., 1986; Hu et al., 1986; Kieney et al., 1986). Others have used
" alveolar macrophages (Plata ct al., 1987a; Hoffenbach et al., 1989; Autran et al., 1988),
or murine cell lines transfected with human Class I antigens (Plata et al., 1987a;

Langlade-Demoyen, 1988). HIV-1-specific CTL response has also been derived from



cercbrospinal fluid (CSF) of AIDS patients with neurologic disorders. This was done by
stimulating CSF T cells in vitro with autologous irradiated PBMC coated with
recombinant gp120 (Sethi et al.,1988). CD4 T lymphocytes have also been used as

targets, but there is only one published report (Hoffenbach et al., 1989).

1.3. Cytotoxic T-Lymphocyte Assay.
The detection of CTL-specific for HIV-1 requires the following steps:
1. Preparation of the Target Cell.
2. Preparation of effector cells or killer lymphocytes.

3. A goad 51Cr rclcase assdy to detect cvlotoxicity

L.3.1. Preparation of the Target Cell.

One of the factors that complicaies the study of direct cell-mediated cytotoxicity
(CTL) is the requirement for an infected target that stably expresses HIV-1. Another
~requircment is that the target's MHC molecules should match those of the effector cell.
Selecting autologous HIV-l-infcclcd CD4¥ lymphocytes as target meets this
requirement. These cells arc Very susceptible to the cytopathic effects of the virus.

As already indicated, target cells for these assays have included CD4 T-
lymphobiasls » alveolar macrophages infected in vivo, Epslcin-Barr virus (EBV)-
immortalized lymphoblasis and EBV-immortalized lymphoblasts infected with vaccinia
virus (VV) recombinants that incorporate some of the genetic sequences of the HIV-1
genome as mentioned in 1.2.1.

Therefore, a number of aspects needed 1o be evaluated in the preparation and
infection of T cells. I needed to know the titer of virus stocks, to sclect the best assay for
the detection of the infection, to evaluate the role of enhancers of infectivity such as
Polybrene, Tumor Ncc_rosfs Factor o aﬁd DEAE-Dextran, and to determine the best time

of infection afier PHA stimulation of the sample.
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i. Stimulation of the cells with Phytohemagglutinin (PHA) prior to infection.

T cells have to be activated and in the log phase of growth to be properly infected
by the virus. The eventual transcription of the virus-specific sequences is controlled by
both cellular factors and HIV-1-encoded regulatory proteins. Activation of the cell
permits the integration of the HIV-1 provirus and stimulates transcription. For this
reason, Phytohemagglutinin (PHA), which élimulatcs DNA replication and cellufar
proliferation of T lymphocyles, has been used to stimulate the cells and amplify the
number of infected cells (Castro ct al., 1988). Moreover, this mftogen stimulates the
release of virus by the cells so that culture supernatants have levels detectable by
standard reverse transcriptase assays (Barré-Sinousi et al., 1983; McDougal et al., 1985).
The increascd prolifCralioh of the cells after activation with PHA is detected by the 3H

Thymidine incorporation assay.

ii. Enhancers of infectivity.
I selected two polycations: DEAE-Dextran and Polybrene which facilitate viral

entry and a cytokine, Tumor Necrosis.Factor-Alpha (TNFo), produced mainly by

activated macrophages.

A. DEAE-Dextran (Diethylaminoethyl-Dextran) is a polycation or basically

_charged DEAE- glucose polymer. A direct interaction between the polymer and various
nucleic acids protects them against nuclease degradation. RNA is only paftially
protected against ribonuclease degradation but the protection is enough to enhance the
infectivity of viral RNA, as is the case with poliovirus; the bonds established between
nucleic acids and DEAE-Dextran take place at the phosphate backbone and can be
loosened by a strong polyanion such as Dextran Sulfate. (Maes et al., 1967). A similar
enhanciﬁg cffect is seen for the infectious DNA of Simian Virus 40 (SV40). When cells

are cxposcd' to DEAE-Dexiran before infection with SV40, the level of infectivity is less
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than that obtained by exposure of the cell cultures simultancously to DEAE-Dextran and
virus DNA (McCutchan and Pagano, 1968). DEAE- Dextran enhances the infectivity of
certain intact viruses in cell cultures. 1t also enhances virus plaque formation, the cellular
uptake of infectious viral deoxyribonucleic acid and ribonucleic acid as well as virus
growth and dissemination in animals. The simplest view of how DEAE-Dcxlran acts o
produce enhancement of infectivity of nucleic acids is that it restores to the deproteinized
virus the ability to stimulate pinocytosis. This result depends on the high molecular
weight (MW) and the cationic charge of the polymer and its al"l“lnily not only for nucleic
acids but also for tissue cells (McCutchan and Pagano, 1968). |

DEAE-Dextran has Bcen uscd as pretreatment of cells to be infected (Coombs ct
al., 1989; Tkeuchi et al., 1990; Levy ct al., 1985; Duc-Nguyen, 1968; McCutchan and
Pagano, 1968)., ’

B. Polybrene (1,5-Dimethyl-1,5-diazaundecamethylene polymethobromide);
Hexadimethrine bromide. The polycation polybrene is routincly used o increase the
infection cfficiency of both retroviruses and retroviral vectors in vitro. It has been
utilized more recently instcad of DEAE-Dextran because of its lower toxicity. The
enhanced infection seen with this cation is presumably through a charge-mediated
mechanism that affects virus absorj tion, penetration or both. (Cornetta and W. French
Anderson, 1989).

Polybrene has been used as pretreatment before infection (Schmitt et al., 1990;
Cheng-Mayer et al., 1990; Sethi et al., 1988), during infection (Gregersen et al., 1990;
Sundqvist et al., 1989) and to recover HIV-1 from PBMC of paticnts by cocultivation
with PHA-stimulated normal blasts with the addition of polybrene in the culture medium.

(Castro et al,, 1988; Cann et al., 1990).
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C. Tumor Necrosis Factor-a.
Both Tumor Necrosis Factor-o and Interleukin-1 slimﬁlale the HIV-1 enhancer
by activation of the nuclear factor (NF)-kB. (Duh ct al., 1989; Osborn et al., 1989;
Lacoste et al., 1990),
The activation of the HIV-1 provirus is influenced by the acticn of both
constitutively expressed host tfanscriplion factors, and inducible cclfula; transcription
| factors, such as NF-kB. NF-kB has been Shown‘ to bind to the duplicated HIV-1
enhancer clement and to activate transcription from the HIV-I Long Termmal Repeat
. {LTR). This factor was originally identified as a constitutive DNA bmdmg protein
present in kappa chain immunoglobulin producing B cells, which bound to the k gene
cnhanccr lt is also produced in'a broad array of cells, 1ncludmg T lymphocyles and
‘ macrophagt.s. where it is exprcssed in an inducible manner.
Tumor Necrosis Factor-¢. enhanccs replication of Lhe virus not only in T cells but
also in primary macrophages (Mellors et al., 1991). It can be toxic to a variety of
" malignant cell lines at high conéentraiions, but at low concentrations it has induced
expression of HIV-1 in a chronically infected T-cell line. (Folks et al., 1989).
The action of TNF-q, a product of activated macrophages, requires interaction
~ with specific cell membrane receptors that are expressed on activated T cells, fibroblast
cell lines and various tumor cells (Scheurich et al., 1987). Resting T lymphocytes do not
cxpress TNF receptors, but they are inducéd upon activation of T cells with anti-CD3
antibody. TNF-a enhances expression of HLA-DR antigens, as well as of IL-2
receptors. Tt synergizes with IL-2 to stimulate T cell proliferation and production of
- interferon-gamma (IFNY). It has also been reported that HIV-1 induces peripheral blood
mononuclear cells (PBMC) and CD4* T lymphocytes to secrete TNF-o, TNF-8 and
IFNY (Vyakarnam ct al., 1990).
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_iii. Metheds to titrate and quantify infectivity.

in spite of the obvious importance of the quantitative aspects of HIV-1 inl‘cctiun.
in vivo and in vitro, developing standards for HIV-1 titration and lor quantization of the
virus expression has proven to be difficult. Physical methods as well as methods that
measure bological activity have been implemented.

1. Physical methods: '

| Immunofluorescence: bctcclion of virus both in the membrane and i'mraccllulurly ‘
with the use of polyclonal human immunoglqbulin G (IgG) or heat inactivated HIV-1
scroposiﬁvc human serum. It determines the number of cells producli\}cly infeeted with
virus, |

ELISA: Enzymc~linkcd.immuno-sorbem assay: ahtigen capture. 'Mcasurcs HIV-1
p24 core antigen in serum, plasma, and cell culture media.

Polymerase Chain Re. ‘tion (PCR): Dcteclioq of HIV-1-specilic DNA by
amplification. It is more sensitive than other methods, detecting also proviral forms of
HIV-1. |

RNA-RNA liquid hybridization (Volsky et al., 1990) RNA is the first indicator
of virus expression. Quantitative and reproduciblé measurcment of HIV-1 RNA levels
provides an index of viral expression. Previous determination of viral RNA by Northern
blot techniqué or in situ hybridization were impractical because of the large amounts of
cellular material required, instability of RNA and complexity of the hybridization
procedure. '

The physical methods measure the amount of virus but not the degree of
infectivity.

2. Measures of Biological Activity: |
Syncytia formation (Cytopathic Effect - CPE), This assay docs not measure the

number of infectious virus particles/units in the inocu]um.' Instead it measures the cyto-
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morphologic alterations of the indicator cells depending on the titer and cytopathic effect
of the HIV-1-containing supernatant used for the infection of the target cell.

Plaque assays: Provide a direct measurement of virus infectious units. Not
suitable for titration or duanliyation of biological activity of slowly replicating and non-
cytopathic HIV strains.

Vmblluy |

Rcvcrsc lranscnptase assay. It is used to determine viral particle production and
growth k:ncllcs of a virus, not mfecuvuy The RT-to- mfecuvny ratio will vary
depending on the HIV isolate and cell lme used.

These techniques measure virus infectivity but are not strmn-sp\.cu'ic and do not

corrclalc w1lh the number of vircs particles.

- Individuals ir{rf:cted w‘ith'HIV-l carry .muitiple'molecular and functional variants
of the virus. The potential for variability in the cytopathic function of HIV-1 may be of
importance in the pathogenesis of AIDS. Many isolates from healthy seropositive
individuals cxhibit a low-cytopathic, non-virulent phenotype (Asjﬁ‘et al., 1986; Cheng-
Mayer et al., 1988; Tersmette et al., 1988). Delayed processing or expression of HIV-1
genome during the carly phase of the virus replicative cycle is an important determinant
in noncyiopathic infection (Ma ei al., 1990). There are also variations in the growth
capacity of HIV-1in pgﬁpheral blood mononuclear cell (PBMC) preparations from
different individuals (Yamada et al., 1990). -

Accurate measurements are therefore complicated by the great vaﬂabilily in
biological activity among the HIV-1 isolates, This functional hetérogeneity among HIV-
1 isolates includes differences in antigenic properties of HIV-1 env glycoprotein, host
" range, kinetics of infection and cyiopathicity. Optimal time for the titration of virus
varics according to the virus sirain and the cell line, In some cases the optimal time

wouid be 3 days and in others it may be 6 days or up to 2 weeks after infection. In
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receptive cell lines, like HUT-78, which express high levels of surface CD4 molecules,
immunofluorescence (IFA) is very sensitive and can result in 100 l'!unrcséuncc by day
7 post infcction il cells arc infected with a high titer virus supernatant. 1f a low-titer
virus is uscd for infection, IFA is not sensitive enough 10 detect this low level of
infection. In strains that are non-cytopathic and with slow kinetics of infeetion, the
determination of infectious titers may requirc a minimum of 3 weeks incubation in CEM
cells to achicve at least 60% 1FA (Volsky et 'al.,‘ 1990).

. HIV- cxpreésion ranges from a low-level synthesis of viral products during
latency to high-level production of particles during cytopathic infection,  When the virus .
is in a statc of latency, no virus genome products can be detected by immunolluorescence
or reverse transcriptase. The induction of viral RNA cxbrcssidn by PHA activation of
the cell is paralieled by an increase iﬁ p24 antigen and the appearance of
immunofluorescent-positive cells. But in some cases this correlates poorly Wilh
intraccllular HIV-1 RNA levels (Volsky et al., 1990).

An approximation of virus titer can be obtained by measuring HIV-1 p24 antigen,
but this measure cannot be éxtrapolaled to the number of viral particles. Neither viral
RNA nor p24 hnligen provide information abbut the biological activity of virus stocks
and biological titration is required. For this purpose the Cytopathic Effect (CPE), reverse
transcriptase (RT) and infectivity aissays are used. These are not perfect cither, since
HIV-1 isolates may differ in their infection kinetics . For more corﬁplclc virus titer
~ information it is therefore essential to include at least one physical and onc biological
parameter of virus content.

Of the methods mentioned above to quantify virus detection, I decided to use
immunofluorescence which measures individual cell events, the p24 assay which
measures the production of virus by a given cell population and the cytopathic effect, or -

syncylia formation, 1o evaluate the biological activity.
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A. Indirect Immunofluorescence Assay (IFA)
IFA is a useful means of determining the number of cells productively infected
with virus. The assay is inexpensive, quantitative, and can be done using fixed cells or

live cells. Not only membrane associated but also intracellular antigens can be detected.

B. p24 Ag assay |

The p24 antigen is virtually undetectable and antib'ody'is in excess during the
a.symplomahc stage The p24 anugen can be detected right after the mfecnon before the
~ appearance of antibodies. In the last stages of the discase there is a marked decrease in
anlibody, wlnch is followed by an increase in antigen. The measurement of p24 is an
approximation to measure the amount of virus in fluids. The ability to consistently detect
infectious HIV-1 in the plasma of infected persons at the different stages of infection is
very useful in monitoring pathogencsis and therapy. Since the HIV-1 p24 antigens can
be present as immune complexes with the antibodies in most sera_from HIV-1-infected
individuals, the assays are f_aced wilh this limitation (Nishaniaﬁ et al., 1990).
Commcrcially available kits offer a specific antibody neutralization step, followed by the

solid phasc enzyme immunoassay to detect the antigen.

C. Cytopathic Effect (CPE).

The cylopdlhic effect which can be induced by HIV-1 in-vitro is characteristically
the formation of multinucleated giant cell# and balioon degenerative forms followed by
cell death. The cytopathic effect of HIV-1 in CD4 cells is linked to the last stage of virus
infection (Leonard ct al., 1988). The CD4 molecule and the envelope glycoproteins of
the virus appear 1o be directly involved in the formation of syncytia. The appearancé of |
these giant cells in the culture is therefore a good indicator of infection for strains that are

cylopathic.
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Some strains of HIV-1 are not cytopathic. It is believed that a mutation affecting
the amino-terminus of the HIV-1 gp41 transmembrane envelope glycoprotein results in a

virus that is less cytopathic than the wild-type HIV-1 (Kowalski et al., 1991).

1.3.2. Preparation of the Effector Cell.
One surprising finding among va,rious researchers is the high frequency in which
CTLs $pcciﬁc for HIV-1 abpe.ar in PBMC of infected patients. For this reason, -
~ mononuclear cells (MNC) have been used as cffector T-lymphocytes in a 51Cr release
assay. These MNC can be scparated into tacir CD8% and CD4+ fracﬁons which can also
be used scparately as effector cells. The majority of CTL aré typically antiviral, |
expressing the CD8 surface marker and restricted by HLA Class 1 ahtigens. The
presence of HIV-1-specific CTL in the blood of patients is. different from other human
viruses where specific antigenic stimulation must first be provided in vitro Lo ensure
expansion of the CTL population before it can be detected.
| Aside from fpcsh PBMC,'HIV-I-‘speciﬁc CTL have also been obtained from
bronchoalvcolar lavage from the lungs of infected patients (Plata ct al., 1987a) and from
cerebrospinal fluid (CSF) of AIDS patients with neurologic dislorders (Scthi et al., 1988).
They can also be derived from seronegative donors by in vitro stimulation with viral
antigen (Hoffenbach et al., 1989). This indicates that humans have hfgh frequencies of
circulating precursor cells capable of differentiating into HIV-1-specific CTL.
| These CTL can be cloned and kept in culture for long periods. The éssential
ingredient for long-term growth of T lymphocytes is Intcrléﬁkin 2 (IL-2), originally
called T cell growth factor (TCGF). The approach to derive and maintain T cell clones
employs slimu]alihg antigen and "filler cells"” in addition to IL-2. The filler cells are
irradiated allogeneic celis. They provide a source of other growth factors as well as the

right cell densily. To promote the expansion in vitro, various stimuli are used:



Phytohemagglutinin (PHA), infected autologous or heterologous irradiated lymphoblasts,

concanavalin A and anti-CD3 monoclonal antibody.

1.3.3. SICr Release Assay.

The test system that has been adopted universally to measure cytotoxicity is the
S1Cr release assay. It involves the radioactive labeling of target cells with S1Cr. Cell
lysis can be cva_lualcd by the amount of 9 .1Cr rcleased into the culture medium. This
- release is directly proportional to the number of “lethal hits”. The Effector to Target

ratio can vary from 3:1 to 50:1 or more, depending on mcnumbcr'of ‘cells available.



1.4. Objectives
The study of HIV-1-specific cell-mediated immunity requires an assay where the

cffector cells (cytotoxic T cells) are cocultured for a short period with target cells that
express HIV-1-derived antigens and are labelled with 31Cr.  The release of 31Cr 10 the
supernatant indicates the presence of CTL aclivily when the release is above background
levels. An absolute requirement to measure HIV-1-specific CTL acticivity is that the
target cell has to be MHC compatible with the effector cell. For studies of HIV-1-

specific CTL this has been achieved by using autologous EBV-transformed B cells that
have been infected with recombinant vaccinia virus conlainihg portions of the HIV-1
genome. There are some disadvantageé using the EBV/Vaccinia target cell system such
as the need to generate EBV transformed autologous cell lines for each patient, the large
number ol vaccinia-derived T-cell antigen peptides that could compete with HIV-1
peptides, plus the fact that vaccinia is a lytic virus that causes cell damage thus increasing

the background release of S1Cr.

1.4.1. General Objectives
For the rcasons discussed above I decided as the general objective of this thesis to
study the suitability of autologous CD4+ T cells, infected with a laboratory strain of

HIV-1, as target cells in the HIV-1-specific CTL assay.

1.4.2. Specific Objectives

To assess: 1) the production of autologous CD4+ T cells, 2) the ability to infect
such cells with HIV-1, 3) the role of enhancers of viral eniry, 4) the evaluation of these
target cells in the HIV-1-specific I1Cr release assay, and 5) the cloning of HIV-1-
specific CTL.
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Ii. MATERIALS AND METHODS .

11.1. Isolation of Peripheral Blood Mononuclear Cells (PBMC).
| PBMC were obtained by Ficoll-Hypaque density gradient centrifugation.
'Basically, a fresh, heparinized 25 ml sample of blood from healthy seronegative donors
* or asymptomatic HIV-I seropositive subjects, was diluted 1:1 with sterile Phosphate
Buffered Saline (PBS) and mixed gently. It was undcrlayered with 12 ml of Ficoll-
Hypaque. The sample was centrifuged (Hettich-Rotanta/RP, Model 3504, DIAMEb Lﬁb ‘
Supplics) at 1,800 rpm (605 x G) for 25 min, brake off. Using a pipette, the top layer of
'plasma was removed. The interphase containing the Ilymphocyte iayer was collectedina
fresh wbe, wnslicd with PBS by centrifuging for 10 min at 1,180 rpm (260 x G) at room
temperature (RT). Pellet was resuspended in PBS for a second wash and centrifuged at
1,790 rpm (600 x G) for 10 min, at RT. Cells were then resuspended in medium
containing IMDM, 10‘%_: FCS, IL-2 (100 U/ml), and 1 ﬁglm] 5x 10'5 M)of2 |
Mercaptocthanol (2-Me), Phytohemagglutinin (PHA)-HAIG {1 pg/ml) was added to
stimulate T-cell proliferation. The optimal level of PHA used was determined by
measuring the concentration that induced the best replication of PBMC. This measure
was done a 3H-Thymidinc incorporation assay. In some cases only the non-adherent
cells were used. To obtain these, the PBMC were incubated in a petri‘dish for 2 hours.
The supernatant containing most of the non-adherent cells was collected and lr_ezikd as

mentioned for PBMC.

1.2, lmmunomagnetic separation of CD4 and CD8 T cells.
Lymphoblastoid populations enriched in CD4 or CDS8 cells were prepared using
magnetic beads. The CD8 fraction was used as the effector population and the CD4 as

the target in CTL assays.



Magnetic polystyrene beads (Dynabeads) coated with mouse monoclonal
antibody specific for the CD8 or CD4 cell membrane antigens were used for the positive
sclection of these cell populations. Beads were washed before use to remove sodium
azide which is present as a preservative. The cell sample can be whole blood, bulfy coat,
or mononuclear cells (MNC) isolated by density gradient centrifugation. To accomplish
an ¢ffective depletion the bead to target ratio should be high and in accordance with
manufacturer's élipulaﬁons (Whole blood= 20-50:1, buffy coat and MNC= 10:1), After
Dynabeads were added 10 a cooled cell sample, it was incubated 30 min. at 2-4° Con a
rotator. The CD8 or CD4 T-cells were roseltcd with the beads depending on which were
used. Al‘ter‘ incubation the tubes were placed in a Magnetic Particle Concentrator (MPC)
for 2-3 minutes. Free cells were collected with a small pipette and the bead-attached cells
were resuspended in medium, If CD8 beads were used, the CD8* T cells would be

' roseitcd with the beads ﬁnd the CD4+ T cells would be in lhé medium, Usually 99%
depletion was achieved. Two consecutive incubations with Dynabeads gave a more
complete depletion. The Dynabeads detached from the cells after an overnight

incubation at 37°C. The isolated cells are washed two times in PBS/1%FCS and placed

in culture,

IL3. Phenotyping for Flow Cytometry. -

PBMC as well as clones were phenotyped by flow cytometry (Becton Dickinson
FACScan Research Software version 2.1) for CD4 and CDS8, surface molecules.
To phenotype for CD4 and CDS, 106 cells were washed and incubated in ice in the dark
for 30 min. with anti-Leu-3a (CD4) phycoerythrin (PE) conjugate and anti-Leu-2a (CD8)
fluorescein isothiocyanate (FITC) conjugate. For control, mouse IgG1-FITC cqnjugate
and TgG1-PE conjugate were used. After incubation, cells were washed 3 times in PBS
and resuspendéd in 0.5 ml of PBS. Cold paraformaldehyde at 2% (1 ml per 106 cells)

was added to fix cells. This also inactivated the virus. .



24

11. 4. Preparation of viral stocks.

HUT-78, a human cutancous T cell lymphoma line derived from peripheral blood
of a patient with Sezary syndrome, has propertics of a mature T cell line with
inducer/helper phenotype that releases T Cell Growth Factor (IL-2). The cells were
grown in RPMI-1640 supplcrﬁcnted with 10% Fetal Calf Serum (FCS), antibiotics
(Penicillin-Streptomycin 100 U cach/ml) and 1.16% of L-Glutamine 200 mM.

| Viral infection of HUT-78 was done with HXB?2 a prototypic laboratory strain of
HIV-1. Celis were washed and resuspended at 3 x 106 cells/ml of virus supernatant
conlaining at least 100,000 pg/ml of p24 Iantigen.. They were placed in a rotaior |
- (Scientific Industrics, Inc., Model 151, Bohemié, N.Y.) for 2 hours at room temperature. -
After infection cells were washed 2 times in RPMI and resuspehded in RPMV/10% FCS
at 1 x IOSIml. After 3 .days in culture they were split once and grown until day 8 to 14. |
When syncylia appeared in the form of "balloons" (Cytopathic Effect-CPE), cells were
spun down at 2,000 rpm for 10 minutes. Virus-containing supernatant was collected.
- FCS was added at 20% v/v before freezing aiiquots at -80°C. Infection was monitored by
measuring the levels of HIV-1 p24 antigen in the supernatant, To-evaluate the appearance

of syncytia, 200 pl aliquots of cells were set up in a 96-well tissue culture plate.

1L4.1. Method of Infection.

In vitro infection. Filtered supernatant from the HIV-1 infected HUT-78 cell line
containing >100,000 pg/ml of p24 antigen, was added to HUT-78 or three-day-old,
PHA-stimulated Peripheral Blood Mononucleér Cells (PBMC). PBMC were separated
as explained in 11.1 and washed 2 times in Iscove’s Modified Dulbecco's Medium
(IMDM) before infection with HIV-1-containing virus supernatant. Infectioh was carried
out the same way as for HUT-78 cells (see I1.4), with the exception that for PBMC the

cell concentration was 5 x 10 cells per ml of virus supernatant and the medium used was



IMDM instead of RPMI. Once infected, PBMC were resuspended at 2 x luslml in
IMDM/10% FCS., IL-2 (100 U/ml) and 2-Me (5 x 10'5 M).

IL4.2 Enhancers of Tnfection.
To enhance the infectivity of the virus, the following reagents wcfc used alone or in
combination:
a) DEAE-Dextran (Diethylaminocthyl-Dextran). .

'\ This enhancer was tested at the following concenteations: 1, 2.5, 5, 10, 20 and 25
pg/ml, It was used in various combinations: as pretreatment, during and afier the
infection. Pretrcatment meaht an incubation of the cells before infection for 30 minutes
at 37°C with DEAE-Dexiran. After the ccils we.rc infected, they were washed twice and
set in culture with or without DEAE-Dextran as required for each particular experiment.
b) Polybrene (1,5~Dimethyl-i,S-diazaundccamclhylcne polymethobromide);

- Hexadimethrine bromide.

The same type of experiments were done with Polybrcné following the same
procedure as for DEAE—Dcxtran. It was tested at 1, 2.5. and 5 pg/ml.
¢) Tumor Necrosis Factor-ct. (Stock at 10 pg/mi= 10,000 U/ml). -

It was always added after infection and tested at 1, 2.5, 5, 10, 50 and 100 ng/ml.

It was used with cells that had been infected in the presence or absence of DEAE-

Dextran or Polybrene.

IL.5. Methods of Detection of Viral Infection.
To assess HIV-1 expression, I measured the p24 antigen, the biological activity
(CPE or syncytia formation) and the percentage of infected cells by immunofluorescence

(IFA). The assays were done on days 3, 5 and 7 post-infection.
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1L.5.1, p24 Ag assay.

The HIV-1 p24 anligen was measured in a solid-phase sandwich-type enzyme-
linked immunosorbent assay (Abbott Laboratories). This assay used a polyclonal human
HIV antibody and a purified viral lysate as a standard. The concentrations of p24 antigen
present in scrum samples were interpolated from a standard curve. For the ﬁssay. a2ml
cell sample was spun down at 2,000 rpm for 10 minutes. The supernatant was collected
- and stored at -20°C until the day of the assay. This was done accofding to

manufacturer's instructions.

11.5.2. Indirect Immunofluorescence Aésay (IFA).

The virus in the sample was first inactivated (see below). After inactivation,
cells wcré washed 2 times in PBS. The pellet was resuspended in 100 pi of PBS or more
depending on the number of éclls. Smears were prepared in multiwell slides and dried.
Slides were fixed in cold acetone for 5-10 min. They can be stored for 1 week at room
temperature (RT), at 4°C for up to 2 weeks or frozen individually wtapped in plastic foil
at -20°C for longer periods. When ready to use, slides were warmed up to RT for at least
15 minutes. They were hydrated and blocked with PBS/5% Goat Serum (GS) for 10
min. in a humidified chamber (e.g., a covered petri dish with a wet gauze pad inside).
PBS/GS was blotted with a paper blotter. The first antibody was added: 20 ul of a 1:100
dilution of 10 mg/ml Polyclonal Human IgG anti-HIV Standard. Slides were incubated
for 30 min. in a humidified chamber, washed 3 times (5 min. each time) in coplin jars
with PBS and blotted around the we]ls. The secondary antibody was added (20 pl per
well ofa 1:40 dilution of Goat anti-human IgG-FITC at 1mg/ml), and incubated a further
30 min. in the dark. Slides were washed 3 times more in PBS alone and once in water.
They were dricd for at least 2 hours. A drop of PPD-Glycerol (Para-Phenylene Diamine)
was added, followed by the coverslip before fluorescent microscopy viewing (Zéiss,

model Axiophot El-Einsatz, 45-1888, West Germany). At least 200 cells were counted

i



per ficld including the positive ones. These were «livided by total number of cells

counted and multiplied by 100 to obtain the percentage.

i. Inactivation of the HIV-1 Virus. _

To inactivate the virus I followed the protocol described by Watson et al., (1990).
Basically, HIV-1 infected éclls were harvested and 5 ug/ml of AMT were added. Cell
density can range frorﬁ 4 _x'106 to 12 x 106/ml \Qithout affecting inactivation. Cells were
added to tissue culture multiwell plates or flasks such that the depth of fluid was no. -
greater than 3-3.5 mm. To this effect, I used 4 mi in T25 fasks. Pllales were cooled for
30 min. at 40C to offsct the exposure to radiant heat from the UV'source. Cells weré‘
irradiated with long-wave UV irradiation for 5 min, (Spectroline Transilluminalor -365°
nm- Ultraviolet, Model TR-365A, Speclrbnics Corporation, Weslbury, N.Y.). Following

irradiation cells were harvested and washed 2 times in PBS before preparing the slides

for IFA.

11.5.3. Cytopathic Effect (Syncytia formation),

Assays were performed in 96-well plates, using ten wells containing 4 x 10t

infected cells/well in 200 pl aliquots. They were incubated at 37°C in 5% CO?2 (Steri-
Cult 200 Incubator, Forma Sciéntific, Inc., Model 3033) and left undisturbed for 7 days.
Syncytia formation (number of balloon forms) from 3-4 wells were counted and

averaged for each sample on days 3, 5 and 7 post-infection.

I1.5.4. Viral binding and entry assay.

Afler cells were infected as described in I1.7.1., a sample was washed 5 times in
PBS. The cell pellet was lysed with 1 ml of PBS/1% Triton X-100. After a 2-hour
incubation with the Triton the cells were spun down at 10,000 rpm (Brinkmann

Eppendorf Centrifuge 5415C) for 10 minutes at 4°C. The supernatant was collected and
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stored at -80° C for the p24 Antigen assay. Controls were uninfected cells and lysed

pelleted virus.

I1.6. Generation of CTL clones.

To derive human allbrcaclive T cell clones, monénup]ear peripheral blood
Iymphocytes (PBL) .v\./cr'eiisolatcd ﬁy_Ficoll-ijaqug grzidient cenlrifugation. Bl_ood, L
: aﬁiiéoagulaled .Wilh preservative-free héparih, ﬁsually yielded 0'._S tolx 106 lymphocytes
per ml. The actual élongs were dcrived. by lim_iting dilution. - For this, PEBMCs were
~seeded atllo,'.4 or 2 cells per wr_:ll' in 96-well plates. Allogeneic II?BMC‘ from normal
donors wérc irradiated at 6,000 rﬁd ina Col‘J.alt 60 source (Gamma Cell, quel 220,
Atomic Encrgy of Canada Ltd.) and added as feeders at 4 x 105 cells ﬁer ml, in a ‘ﬁnal.
volume of 200 ul (per-well) in medium contail;ing IMDM (supplemented with 4mM
glutamine, 50 ug[ml of Gcnlaniicin) 20% FCS, 100 Units of recombinant fL-2 perml, 1
pg/mi of Indomelhaéin, ITpg/ml (5 x 10 M)' of 2-Me, 200 Units per ml of Interferon-y.
PHA-HAI16 (1 pg/ml) was added as stimulation for T-cell proliferation
(Expansionlc]oning medium). For sul‘JsequenLre-stimuiaﬁons the feeder cells were
treated with NcuraminidaselGa]actose oxidase instead (see below). The irradiated
feeders or "filler cells" provide a source of growth factors as well as the needed cell
density. Plates were incubated at 37° C in a humidified chamber in 5% CO2. On day 4
after cloning they were fed with medium exchanges of 0.1 ml containing IMDM, 20%
FCS, 1L-2 (100 U/m1) and 2-Me (feeding medium-no feeders). After 11 or 15 days from
the onsct of cloning, growing clones were transferred to a total of 5-10 wells of a 96-well
plate in [resh expansion/cloning medium. Clones were expanded into 24-well plates one
or two weeks later.‘ The.expansionlclon)ing medium with feeders was used every two
weeks. In between expansions, medium exchanges were done every 3 to 4 days with

- feeding medium only (sce above). Clones were phenotyped by Flow Cytometer. Those
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that were more than 60% CD8% were kept in culture to be tested in a 3 lee release assay

for cytotoxic activity.

Feeder cells treated with Neuraminidase/Galactose Oxidase function as oxidized
stimulator cells and arc used for non-specific propagation of anligcﬁ-depcndcnl |
proliferative or cytotoxic human T cell clones. This system is as efficient as the use of
mitogenic ﬁnlibodies or lectins but avoids the toxic effccts of polyclonal T t:cll.aclivatqrs
like PHA. Feeders were ir;adia‘;ed and incubated for 90 min, at 37°C with 0.02 U/ml of

.Neuraminidase and 0.05 U/ml of Galactose Oxidase in serum-free RPMI. Cells were
washed 3 x in RPMI/0.01M Galactose. Treated fecders (.3 X 106) were used for cacﬁ 5x

105 cultured cells (clones) (Fleischer, 1988).

11.7. Cytotoxic T-Lymphocyte Asséy.
I1L.7.1. Preparation of the CD4 T lymphocyte as Target Cell

Autologous cp4tT lymphocytes were uscd as target cells. Mononuclear cells
were obtained by Ficoll-Hypaque, stimulated with PHA-HA16 (1 pg/ml) and kept in
culture for 3 days with IL-2 (100 U/ml) and 2-Me (5 x10 "> M). In the casc of paticnts'
samples, 25 pg/ml of Castanospermine (CSP) Were added. The mechanism of anti-HIV-
1 activity of castanospermine involves prevention of the correct glycosylation of viral -
envelope glycoprotems resulting in diminished virion infeclivity as well as decreased
HIV-1 env-induced syncytium formation (Walker elal 1987b; Ruprecht et al., 1991).
This permits the prohferauon of the CD4 T Iymphocytes.

Heparinized blood from HIV-1-infected asymptomatic individuals wés separated -
as described in section II.1. Three days after the PHA stimulation, cells were scparated
into their CD4 and CD8 fractions with the use of magnetic Dynabeads (section I1.2), The

CD47 fraction was kept in culture for 24 hours without CSP. Cells were pretreated with
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DEAE-Dextran (10 pg/ml) and incubated for 30 minutes at 370C. After this, cells were
washed and infected with an HIV-1 virué supernatant containing 100,000 pg/ml of p24
aﬁligcn following the infection protocol described in section I1.4. Infection was done in
the presence of DEAE-Dcxtran at 10 pg/ml (see Results). Cells were washed three ﬁmes
and kept in medium without CSP for 24-or 48 hours. They were tagged wflh 5ICrand

5

“incubated with the effector cells (CD8+ T cells) for 4-6 Lours before the 1Cr assay.

11.7.2. Preparation 91‘. the macrophage as target cell for the CTL Assay.

A 20 ml whole blood smﬁplé f‘rom an HIV-l-poSiLive asymptomatic paﬁént was
spun dowﬁ at 2,000 rpm (747 x G) for 10 mfnutcs. The buffy coat was collected
(approx. 4 ml). and scparated into CD81/CDS8 fractions with the use of CD8 magnetic
beads at a ratio of 6 beads to 1 cell. The Cb8+ cells attached to the beads were put in |
culture with PHA and IL-2 (no CSP). The beads were separated the following day witli
the Magnetic Particle Concentrator (MPC). The CD8" cells were depleted once more of
CD8* T cells With Dynabeads at a ratio of 6:1. This new depletion was.discarded. These
CD8 cells were isolated by Ficoll-Hypaque and put in culture IMDM/20%FCS) in 12-
well plates at 2 x 106 cells per mlin 1 ml volume. Granulocyte Maﬁrophage-Colony'
Stimulating Factor (GM-CSF) at 100 U/ml was added and kept in the culture medium.
Supernatant was collected on days 5, 7; 10 and 14 for p24 Antigen assay. Between days 7
and 10 macrophages were harvested using PBS/109%EDTA. They were washed and
labelled with ®1Cr. The CD8? cells were used as effectors. A cell pellet was lysed

before the assay to determine virus presence by p24 Ag assay.



3l

11.7.3. Preparation of the Effector Cell.

The effector cells (CD8+ T lymphocytes, PBMC, or cDs” clones from same

- donor) were subcultured 2 days earlicr with fresh medium without IL-2 or IFNy (In the
case of clones, these were kept without feeders for at least 7 days before the assay). A
0.1 ml aliquot of cffector cclls was placed over the 3 lCr—labcllu:.d target in an

effecldr:larget (E:T) ratio of 5:1 to 50:1, or 100:1 if enough cells were available.

7.4, 51Cr Release Assay.

Target cells were labelled with 51Cr (100 uCi per 10° dry cell pellet) and
incubated for 1 hour at 37° C. Cells were washed in IMDM 3 times to get rid of
unincorporated 31Cr. Théy were aliquoted at 10,000 cells/well in 0.1 ml aliquots in

triplicate in a V-bottom 96-well plate. Effector cells were added. After 4-6 hour
incubation at 37°C in 5% CO2, plates were spun down 2 minutes at 2,000 rpm.

Supernatant (100 pl) was harvested from each well and placed in a tube with 100 pl of
sodium hypochlorite (Javex) to inactivate the virus., The tubes were read in a gamma

counter (LKB, Wallac, Model 1260 Multigamma II, Allied Fisher Scientific). Percent

lysis was calculated as follows: .

% lysis= (experimental rclease - spontancous release) X100

(maximum release - spontaneous relcase)
Maximum release was obtained by incubating target cells with 1M HCI or detergent.
Spontancous release was determined by the incubation of targets with culture medium

~ alone. Spontaneous S1Cr release was always 10-20% of the maximum relcase value.
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IIL. RESULTS

111.1. Preparation of HIV-1-containing supernatants,
The infection protocol described in Materials and Methods was used to prepare
several batches of HIV-1-containing supematants (Table 1). HIV-1 virus content was

cvaluated by measuring p24 antigen. The p24 ahtigen content varied considerably frum

ot 1o lot from 13,000 to 500,000 pg/ml.

TABLE 1

HIV-1 Virus Stocks

Batch ' p24 Antigen Harvested
No. , (pg/mt) - Days Post-Infection
1 13,000 ' Original Stock
2 55,000 12

3 190,000 12

4 500,000 12

5 - 140,000 10

6 200,000 , 10

7 170,000 . 12

8 300,000 ' 14

9 285,000 : 14

Virus stocks were produced by infecting HUT-78 cells as described in Materials and
Methods. Three days after infection cells were subcultured 1:3 in RPMI/10% FCS.
Supernatants were collected 10 to 14 days post-infection. They were spun down, filtered
and stored at -800 C,
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II.2. Titration of HIV-1 viral supernatants on HUT-78 cell line.

Viral lots (n=3) were selected for analysis of their infectivity. The p24 antigen
levels of these lots were 13,000, 209,000 and 500,000 pg/ml.

A preliminary evaluation was done wilh the low and high p24-Ag content
supernatants. The cell line HUT-78 was infected for 2 hours at room temperature in a
rotator, with serial dilutions of the virus-containing supernatants . Infection was
: évalua;cd by IFA on days 3, 6 and 9 posi—infeclion. HIV-1 was not detected on these

days when using the supernatant containing 13,000 pg/ml whereas HIV-1 was dclcclcq |
~on day 9 post-infection when using the 500,000 pg/ml sﬁpcmalam. '

The success of the infection appeared to depend on the amount of virus present in
the supernatant; nevertheless, the infectivity of the supernatant may vary accordilng. to the
viability of the virus and other factors that may affect its infectivity such as toxic cfl‘ccl
of the spent supernatant on the target cells. Thus, my first task was to do a detailed
characterization of the infectivity of the virus stock. Infectivity was mcasured using 3
assays: IFA, p24 antigen and CPE. A virus stock containing 200,000 pg of p24
antigen/ml was selected. Serial dilutions of the supernatant were used to infect HUT-78
cells. Fig. 1 shows a representative experiment. There is a dose-response effect for both
detection assays. P24 antigen appears to be a more sensitive measurement than IFA

-bccause it becomes positive at a higher dilution on day 6 post-infection. By day 9 post-
infection all dilutions gave 100% positivity by IFA. However, the p24 antigen showed
-an inverse correlation with the dilution, I interpreted the decline in p24 antigen
concentration as due to the highly cyiopathic effect of the virus on the HUT-78 cell line.
I observed a large number of balloons in the cultures by ‘day 6 and visual inspection by
inverse microscope revealed that by day 9 there was a large number of dead cells; thus,
the dcclinc of p24 production was likely due to decreased number of viable cclls.
Therefore measurement of p24 antigen is not a reliable marker of infection if extensive

cytopathic effect occurs in the infected cultures.
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Fig. 1 Titration of HIV-1 viral supernatant on HUT-78 cell line,

Virus stock was obtained by infecting HUT-78 cclls with a HIV-1 virus
stored at -SOO_C. (p24 antigen= 200,000 pg/ml). Titralipn was done using
undiluted virus and serial dilutions: 1:2, 1':_4, 1:8 and 1:16, expressed as réciprocal
of the dilution .i" the graph. Cells were infected with the virus supernatant for 2
hours at room temperature in a rotator, washed once and placed in culture fqr 7
days. Medium cxchanges (RPMI/10% FCS) and subcultuﬁhg wer¢ done on day 3
post-infection or as required. The cultures were cstablis'hcd' in 12-well plates in
duhlicutc . The infeclion was monitored on days 3, 6 and 9 post-infection by p24
antigen assay (A) and immunofluorcscence on slides (B). For the p24 assay, a 2
ml sample was collected on the days indicated on the graph, spun doWn and the
supernatant stored at -20°C until the assay was done. The cell pellet of each
sample was inactivated with AMT/UYV irradiation (sec Materials and Mecthods)

-and usced to make smears on slides for IFA. ‘Results of p24 Assay are shown in

ng/ml.
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[1L.2.1. Ef l‘cét of long-t{erm storage at -80%C on the viability of viral stocks.

The effect of storage on the viability of the virus stock was determined. A second
titration was done with the same virus stock (200,000 pg/m! of p24 antigen) aftcr 6
weceks of storage at -80°C. (Fig. 2). Table 2 compares the titration cxperimcm.é
represenied in Figures 1 and 2. The data is for days 6 and 7 post-infection respectively

showing a decrease in infectivity of the virus stock afier 6 weeks of storage at -80° C.

_ , TABLE 2 :
Effect of long-term storage on viral stock infectivity,

Reciprocal IFA(%) p24 Ag (ng/ml)

of Dilution* Exp.itl Exp. #2 - Exp#l Expii2
1 54 44 ‘ 99 22

2 39 16 : 123 14

4 21 '4 58 7

8 5 1 34 - 03

16 4 : 1 11 0.4

This table compares the titration experiments represented in Figures 1 and 2.
* Reciprocal of Dilution: 1 (Neat), 2 (1:2), 4 (1:4), 8 (1:8), 16 (1:16).
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Fig. 2 Titration of HIV-1 viral supernatant on HUT-78 cell line. Effect of
long-term storage on the viability of the virus stock.

Virus stock was obtained by infecting HUT-78 cells with a HIV-1 virus-
supernatant stored at -200C (p24 Antigen= 200,000 pg/ml). Titration was done
using virus stock neat and at serial dilutions:1:2, 1:4, 1:8, 1:16, 1:32; 1:64,
expressed as reciprocal of the dilutions in the graph. The virus supernatant was
the same used for the titration depicted on Fig. 1 with the exception of tonger
storage at -809C. Infcction was done for 2 hours at room temperature in a
rotator; cells were then washed once and placed in culture for 7 days, with
medium cxchangcs'(RPM]I 10% FCS) and subculturing on day 3 post-intection or
as required. The cultures were set up in 12-well ﬁlatcs in duplicate. The
infeclion was monitored on days 3, 5 and 7 post-infection by
Immunofluorescence on slides (A), Cytopathic Effcet (CPE) (B) and p24 Ag
assay (C). For the CPE, ten-200 pl aliquots were set up in a 96-well plaie for
cach dilution. They were left undisturbed for 7 days and the number of syncytia
in 4 wells were counted and averaged for each culture. For the p24 Ag assay, 2
ml of each cell culture were collected on the days of the assay, spun down and the
supernatant collected and stored at -20°C until the assay was done. The cell pellet
of each sample ‘was inactivated with AMT/UYV irradiation (sce Materials and

Methods) and used to make smears on slides for IFA.
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IIL. 3. Titration of HIV-1 viral supernatant on normal T cell blasts.

To determine if comparable levels of infection could be obtained with normal T
cell lymphoblasts, HIV-1-containing viral supernatant was tested on T cell lymphoblasts.
Mononuclear cells (MNC) were obtained by Ficoll-Hypaque, stimulated with PHA (0.5
ng/ml) and the activated T cell lymphoblasts were collcctcd‘ 3 days af ter PHA stimulation
and used as targets for infection, The infection was done with the same viral stock that
had been used for the HUT-78 experiments (200,000 pg/ml of p24 antigen). After
infcc’:tion the cells wcré cultured in IL-2 (100 U/ml)-contairing growth medium.

A representative titration experiment is shown in Fig. 3 (A-B). The lymphoblasts
were infected with neat viral stock and six serial dilutions. Detection of infection was
done by p24 Ag assay and Immunol‘l‘uoresccncc (EFA). The titration was done with virus
stock that had been‘ stored-frozen at -80°C for 6 weeks. The figure shows a dose-
response effect with the highest infectivity at the highest concentration of virus used. In
this experiment, IFA appeared lo be more sensitive than the p24 Ag measurement.

In éomrast to the large syncytia observed in HIV-1 infected HUT-78 cells, the
normal T cell lymphoblasts did not show evidence of syncytia formation. (Fig. 4). This
observation has been confirmed in 3 additional experiments. In a fashion similar o that
found with HUT-78 cells 7 days after infection, the levels of p24 Ag decreased markedly
even at the highest dilution of virus used to infect the cells (Fig. SA). Because the Ievels
were already high on day 5 after infection (no dose response effect) the data was
interpreted to mean that a cytophalic effect had occurred resulting in low p24 production

by fewer viable cells. Fig.5 compares::itrations done on normal T cells (A) and HUT-78

cells (B).
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Fig. 3. Titration of HIV-1 viral supernatant on normal T cell blasts.
The virus stock (200,000 pg/ml of p24 Ag) had been Trozen at -80°C for 6
weeks.  Titration was done using virus stock ncat and at serial dilutions: 1:2, 1:4,
1:8, 1:16, 1:32 and 1:64, expressed as reciprocal of the dilutions in the graph,
Mqﬁonuclcar cells were obtained by Ficoll-Hypaque scparation, stimulated with
PHA (0.5 pg/ml) and the aclivatcd T cell 1ymbh_oblas!s infected 3 dayé alter PHA
“stimulation. The infection was carried out as described in Materials and Methods.
After the infcction cells were washed once and resuspended in medium
conlaining 1L-2 ('iOO Ulmi). The cultures were scllup in 12-well plates in
_ duplicate for cach diluiion. For the p24 assay, a2 ml sample was collcélcd on
“days3and 5 posl—infcclioﬁ and spun down. Cell-free supernatants were collected
and stored at -20°C until the dziy of the p24 Ag assay. The cell pellet of cach
sample was inactivated with AMT/UYV irradiation {sce Malerials and Mcthods) -
and used to make smears on slides for IFA. Results are shown lor P24 Ag assay

(A} and for IFA (B).
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Fig. 4. Syncytia formation (Cytopathic Effect).

Pictures of Immun‘oﬂuorcsc*:n.cc Assay (lFAj taken of A= H[V-]-
infeeted normal T lyiﬁphocylcs and B= Hii}-l-infcélcd HUT-78 cells. Indirect
IFA was done :on slides using human polyclonal 1gG anti-HIV and goat zmlif |
human IgG-FITC. The virus strain used for lh_c infection had a cytopathic él‘ feet .
on the HUT—?S éclls with the production of big syncytia, but it did not produce
this effect on normal Tilymphocylés. Nevprthclcss, these cells were also infected

~in spitc of the-lack of syncytia formation.
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Fig. 5. '.COmparison of titration of HIV-1 viral supernatant on HUT-78 and
normal T cell blasts. -

| The graphs compare titrations done in HUT-78 cclls (B) and in normal T
cell lymphoblasts(A). Virus stock used for the infection contained 200,000 pe/ml
of p24 Ag,. Titration was done uSing virus stock neat and at l‘ou'r dilutions: 1:2,
1:4, 1:8 and 1:16, cxprcsscd'as rcciprocai of the dilutions in the graphs. The
results of the p24 Ag assay arc given in ﬁg/ml. Results indicate that in normal T
cells infection peaks on day S host—inl‘cctioh and in HUT-78 cclls on day 9 post-

- infection.
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111.3.1. Kinetics of virus replication in PBMC preparations from different

individuals

Table 3 shows the difference in the kinetics of HIV-1 replication in PBMC in
three different normal donors. The infections were done with the same viral stock
containing 19,250 pg/ml of p24 antigen. In two cases the infection peaked on day 5 and
in dndlhcr case on day 7 post-infection. Because of this difference in the virus _
rcplicalion. the p24 levels were measured on days 3, 5 and 7 post—ihfectidn. In the great

majority of my ¢xperiments the peak occurred on day 5.

“TABLE 3

Kinetics of virus replication in PBMC preparations from different individuals
P24 Antigen levels in culture fluid (ng/ml)

"Virus titer used DAYS POST IﬁFECTION

| for infection .

- (pg/ml) 3 1 ' 7
19,250 ‘ 8 150 136
19,250 2 177 163
19,250 | 1 15 40

Kinctics of virus replication. HIV-1 yield from PBMC cultures of healthy individuals
infected with the same strain of HIV-1 virus. ,

P24 Ag levels of culture fluid are shown for days 3, 5 and 7 post-infection, as well as the
titer of virus supernatant used for infection.



IIL4. Effect of enhancers of H1V-1 infectivity on HUT-78 cells.

Alier establishing the optimal concentration of virus for infectivity assays and the
kinetics of infection for both the HUT-78 cell line and normal human lymphoblasts 1
tested the clfect of reageats that have been reported to enhance viral entry and v.irus '
production. The polycations DEAE-dextran and Polybrene ﬁrc commonly used Lo
promote viral entry; the reported protocols are variable. Tumor Necrosis Factor-Alpha
(TNF-0) has been shown to activate transcription of the virﬁs from the Long Terminal
Repeat (LTR) by aclivaling'thc nuclear factor NF-kB, thus reSulting in markedly
increased virus production. All three reagents were used 1o determine their ef Ii:_ct on
infectivity and viral production caused by the viral stock supernatants. The purpose was
twolold: 1) to improve the virus production protocol and 2) Lo produce a fast acute
infection of CD4* T lymphoblasts for their use in CTL assays.

Experiments were done in triplicate. Results varied because of differences in the
infectivity of the virus stocks used but the pattern was the same. A typical experiment is
analyzed next. Ceils were infected as described in Materials and Methods with a virus
stock containing 100,000 pg/ml of p24 Ag (a 1/2 dilution of the stock containing 200,000
pg/ml of p24 Ag). After infection, cells were washed once and resuspended in

RPMI/10% FCS.

IL.4.1. DEAE-Dextran (DD).

‘DD was added to the cclls during the period of incubation with the virus-
containing supernatant and kept in the culture medium after infection. The _
concentrations tested were: 1, 2.5, 5 and 10 uglmi. {(Fig. 6 A-B-C). Virus infection
measured in the presence of 10ug/ml of DD by CPE peaked on day 5 post-infection
whereas virus levels, quantified by IFA and p24Ag expression, peaked on day 7 post-
- infection. No difference in viral production as measured by IFA was observed when

using 5 or 10 pg/ml of DD,
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Fig. 6. Effect of DEAE-Dextran on HIV-1 infection of the 1TUT-78 cell line.
HUT-78 cells were infected with virus stock containing 106,000 pg/ml of p24
Ag. DEAE-Dextran was titrated at 1, 2.5, 5 and 10 pg/ml. 1t was added during the
infection and kept in the culture medium after infection. Controls were uninfected cells
and cells infected without DEAE-Dextran. Thé infection was monitored by
Immunolluorescence on slides (A), Cytopathic Effcct (Syncytia formation} (B), and p24
Ag assay (C). The assays were done on days 3, 5 and 7 post infection, The results for

days 3 and 7 arc shown,
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1H.4.2. Polybrene.

Polybrenc was used during the exposure to HIV-1 and was not removed after the
infection. The concentrations tested were: 1, 2.5 and 5 pg/ml (Fig.7 A-B-C). Except for
a slight increase in syncytia formation, it did not have an enhanéing effect as determined

by IFA and p24 assays; on the contrary, it appeared to have a deleterious cffect.

111.4.3. Tumor Necrosis Factor-o

TNFo was added to cultures of infected cells at the following concentrations: 0.5,
1,5, 10 and 50 ng/ml. Controls were uninfected cells and cells infected without the
addition of TNF-a. The results of a representative experiment (Figure 8) are for days 5
and 7 post-infection . On day 3 iﬁl‘cclion was still not detectable. The results of the IFA
assuay {Fig.8A) did not show any enhancing acliﬁly. The CPE assay (Fig. 8B) revealed a
slight cnhahcing cffect when used at 10 ng/ml-and above. The p24 assay (Fig.8C) shows
a slight increase in infectivity on day 7 post-infection when used at 5 ng/ml. In
conclusion, the HUT-78 cell linc appears to be relatively insensitive to TNF-o at least in

the first 7 days after infection.

111.4.4. Comparison of enhancers of HIV-1 infectivity.

Fig.9 (A-B) compares the results of the best cdncentraliohs of the
enhancers of infectivity from the above experiment. To summarize, the best
results were obtained with DEAE;Dcxtran at 10 pg/ml. Polybrene did not have an
effect but one could see an increase in the number of syncytia when used at 2.5

pg/ml. TNFo had a slight effect on day 7 post-infection when used at 5 ng/ml.
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Fig. 7. Effect of Polybrene on H1V-1 infection of the HUT-78 cell line.
HUT-78 cells were infected with virus stock cnlmnining 100,000 pe/ml of
p24 Ag. Polybrene was titrated at 1, 2.5, and 5 pg/ml. 1t was added during the
infection and kept in the bullurc_mcdium after infection. Controls were
.uninfcclcd cells and cells infected without Polybrene, The inlection was
monitored by IFA on slides (Fig. 7A), CPE (Sjncylia formation) (Fig. 78), and
p24 Ag assay (Fig. 7C). The assays were done on days 3, 5 and 7 post-infection,

“The results for days 5 and 7 are shown.
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Figure 8. Effect of Tumor Necrosis Factor Alpha (TNFo) on HIV-1 infection
of the HUT-78 cell line.

The cells were infected with a virus stock containing 100,000 pa/ml of
p24 Ag. TNFo was used at the following cnnccnirulidns: (.5, 1, 5, 10 and 50
ng/ml. It was added to the cell cultures after the infection ol the eells (without
DEAE-Dextran or Polybrene). The control were cells inl'cc'lcd and culiuréd in the
absence of TNFo. The infection was monitored by 1FA (Fig. 8A), CPE (Fig. 8B)

and p24 Ag assay. (Fig. 8C). Results for days Sand 7 post-infection are shown,
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Figure 9. Comparison of the optimal dose of DEAE-Dextran, Polybrene and
Tumor Necrosis Fnctora_on‘ H1V-1 infection of the HUT-78 cell line .

These graphs compare the best concentrations ol these enhancers from the
cxperiment in HUT-78 cells depicted in Figures 6, 7, and 8. The cells were
infected with vifus stock _contairﬁng 100,000 pg/ml of p24 Ag. TNFo (5nglml)
was always added to the culthrc medium after cells were infected and washed
once. DEAE-Dextran (10 pig/ml) and Polybrene (2.5 pg/ml) wore added during
the infection and in the culture medium after infection, Rcsﬁli:; ol IFA (Fig. YA)

. . A
and p24 Ag assay (Fig. 9B) are shown for days 5 and 7 post-infection.
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11L.5. Comparison of different modalities of use of DEAE-Dextran (DD) as enhancer
of HIV-1 infectivity in HUT-78 cells.

As noted in published reports, DD has been used in various ways. In the
preceding ¢xpcrimcnls DD was used in a single modality, during and after iul‘cctiun wilh
HIV-1. In the following experiments, the effect of DD was compared when used in §
wayé: a) as pretreatment of the target cells before infection with HIV-1, b) as
simuimncoﬁs exposure to DD and virus, c) as a combination of pretreatment and
simullancou§ exposure, d) a combination of éxposurc during and afler'inl‘cction. and ¢} a
combination of pretrcatment and éxposurc during and after infection. Prct'rcul.mcnt was
done by incubation of the cells with DD for 30 min. at 37°C before exposure of the cells
to HIV-1. The optimal concentrations from my previous experiments (5 and 10 pg/ml)
were tested, as well as 25 pg/ml. This concentration, as pretreatment, has been reported
. lobecanel l‘ccliQe dose for enhancement of viral infectivity (Ikeuchi et al., 1990; Tateno
ct al., 1989; Levy et al,, 1985). The 25 uglrﬁl concentration was not used after infection
because in preliminary experiments this concentration proved to be toxic o the cells..
Experiments were done in triplicate. Results varied in terms of levels of p24 Ag, |
percentage of IFA and number of syncytia due to differences in the infectivity of the
virus stocks, but the patiern was the same. A typical experiment is shown in Fig. 10
(CPE), Fig. 11 (p24 Assay) and Fig. 12 (IFA). A virus dilution containing 19,250 pg/ml

of p24 antigen was used.

IIL.S.1. Evaluation of vfral production by CPE, p24 Ag assay and IFA.

As shown in Figures 10 to 12, optimum viral production was observed when 10
pg/ml of DD were employed before and during infection with HIV-1 (Fig. 10c, l1c and
12c¢). The use of DD at 25 pg/ml during infection increased infectivity in compafablc
levels as production of p24 Ag on day 5 post infection shows (Fig. 11) but this

concentration was oo toxic for the cells as evaluated by the mrorphology of the cells in



49

culture (CPE) and on the immunofluorescent slides. Pretreatment alone and the
combinations where DD was kept in.the culture after infection gave poorer viral levels as

measured by the assays used. Only the combination of pretreatment and during infection

with 10 pg/ml gave consistent results,
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Fig. 10. Effect of DEAE-Dextran (DD), used in several modalities, on HEV-1
infection of HUT-78 cells. Results of Cytopathic Effect (CPE).

The virus stock (308,000 pg/mt of p24 Ag) used for infection was diluted
to 1:16 (19,250 pg/ml) before infecting HUT-78 cells. DD was used at 5, 10 or
25 ug/ml as follows: | '

A. During infection,

B. Preircatment.

'C. Pretreatment and during infection.
D. During and after inl‘cclibn.
E. Prctrcalmcht, during and after infection.
Controls were uninfected cells and cells infected without DD.

Pretreatment consisted of an incubation period of 30 min. at 37°C with DD at
~ the various concentrations. Afler this, célls were épuh down and infected with
virus in the presence or absence of DD. After infection the cells were washed
once and resuspended in culture medium with or without enhancer as required.
To analyze the CPE, aliquots of 200 pl each were set up ina 96-wcll‘ microtiter
plate to observe the formation of syncytia per well (Cylopathic Effect). These
wells were not disturbed for 7 days and syncytia of 3 wells for cach sample were
counted and averaged on days 3, 5 and 7 post-infection. Results for days 5 and 7

are shown.
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Fig. 11. Effect of DEAE-Dextran, used in several modalitics on HEV-1
infection of HUT-78 cells. Results of p24 Ag assay.

The virus stock (308,000 pg/ml of p24 Ag) used lor infection was dituted
to 1:16 (19,250 pg/ml) before infecting HUT-78 cells. DD was used at 5, 10 or
25 pug/ml as follows: ..

A. During infection,

B.'Prclrcatmcrnt.

C. Pretreatment and during infection.

D. During and afier infcction. | |

E. Pretreatment, during and alter infection. |

Controls were uninfected cells and cells infected wilhuutiDD.
Pretreatment consisted of an incubation period of 30 min. at 37°C with DD at |
the \}arious concentrations. Afler this, cetls were spun down and inlected with
virus in the presence or absence of DD, Afler ihfeclion‘ the cells were washed
once and resuspended in culture medium with or without enhancer as required.
A 2 ml sample was collected on days 3, 5 and 7 post infection, spun down and
‘lhc supernatant stored at -20°C until the day of the p24 antigen assay. Results

for days 5 and 7 are shown. |
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Fig. 12, Effect of DEAE-Dextran, used in several modalities on HV-1
infection of HUT-78 cells. Results of the Immunofluorescence Assay (1FA).

The virus stock (308,000 pe/ml of p24 Ag) used for infection was diluted
o 1:16 (19,50 pg/ml) before infecting HUT-7% cells. DD was used at §, 10 or
25 pg/ml as follows:

A. During infection.

B. Pretreatment.

C. Pretreatment and during infection,

D. During‘and after infection.

E. Pretreatment, during and after infection,

Controls were uninfected cells and celis infected without DD.
Prclrcamicnt consisted of an incubation period of 30 min. at 37°C with DD at
the various concentrations. After this, cells were spun down and ini‘cclcd with
virus in the presence or absence of DD. Alter infection the cells were washed
once and resuspended in culture medium with or without enhancer as required.
A 2 ml sample was collected on days 3, 5 and 7 post-infection, spun down and
the cell pellets were inactivated with AMT/UV irradiation (sec Materials and
Mcthods), washed and resuspended in PBS. Smears were prepared on slides for

IFA staining. Results for days 5 and 7 are shown.
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HL6. Comparison of different modalities of use of Polybrene as enhancer of H1V-1
infectivity in HUT-78 cells.

In the following experiments Polybrene was tested in 5 ways: a) as pretreatment
of the target cells before infection with HIV-1, b) as simultancous exposure with virus, ©)
as a combination of pretreatment and simultancous exposure, d) a combination of
exposure during and after infection, and ¢) a combination of pretreatment and expusure
during and after infection. Pretreatment was done by incubation of the cells with
Polybrenc for 30 min. at 37°C before exposure of the cells to HIV-1. T tested the best
concentrations from my previous experiments, 2.5 and 5 pg/ml. Experiments were done
in triplicate. Results variéd in terms of levels of p24 Ag, percentage of 1IFA and number
of syncylia due to differences in the infectivity of the virus stocks, but the pattern was the
‘same. A typical experiment is analyzed next and shown in Fig. 13 (CPE), Fig. 14 (p24
Ag assay) and Fig. 15 (IFA). A virus dilution containing 19,250 pg/m! of p24 Ag was

used .

11.6.1. Evaluation of Uviral production by CPE, p24 Ag assay and IFA.

As shown in Figure 13, none of the modalities used enhanced infection of
HUT-78 cells with HIV-1 when CPE was used as an indicator. The p24 Ag assay
indicates that Polybrene slightly enhanced viral infectivity on day 7 post-infection when
used as pretreatment (5 pg/ml) (Fig. 14B) or as pretreatment and during infection at 2.5
pg/ml (Fig. 14C). The results of IFA (Fig. 15C) indicate that Polybrene slightly

enhanced viral infectivity on day 5 post-infection when used as pretreatment and during

the infection at 5 pg/ml,
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Fig. 13. Effect of Polybrene, used in several modalities, on HIV-1 infection
of HHUT-78 cells. Results of Cytopathic Effect (CPE).

The virus stock (308,000 pg/ml of p24 Ag) used for inicction was dituted
to 1:16 (19,250 pg/ml) belore inlecting HUT-78 cells. Polybrene was used at 5,
10 or25 pglml»as follows: |

A. During infection.

B. Prclrdatmcnt.

C. Pretrcatment ar}d during infection.

D. During and afl ter infection.

E. Pretrcatment, during and alter infection.

Contrels were uninfected cells and cells infectc_d without Polybrene.
Pretreatment consisted of an incubation period of 30 min. at 379C with
Polybrene at the various concentrations.  After this, cells were spuh down and
infected with virué in the presence or abscnce of Polybrene. Alter infection the
cells were washed once and resuspended in culture medium with or without
enhancer as required. To analyze the CPE, aliquots of 200 ul each were sct up in
a 96-well microtiter plate to observe the formation of syncytia per well
{(Cytopathic Effect). These wcils were not disturbed for 7 days and syncytia of 3
wells for each sample were counted and averaged on days 3, 5 and 7 post-

infection. Results for days 5 and 7 are shown.
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Fig. 14. Effect of Polybrene, used in several modalities on 111V-1 infection of
HUT-78 celis. Results of p24 Ag assay.
The virus stock (308,000 pg/ml of p24 Ag) used for infection was diluted

w 1:16 (19,250 pg/ml) before infecting HUT-78 cells. Polybrene was used at 5,
10 or 25 pg/ml as follows:

A. During iﬁfeclion.

B. Pretreatment.

C. Pretreatment and during infection.

D. During and after infection.

E. Pretreatment, during and alter infection.

Conlmls'wcrc; uninfected cells and cells infected without Polybrene.
Pretreatment consisted of an incubation period of 30 min. at 37°C with |
Polybrene at the various concentrations, After this, cells were spun down and
infected with virus in the presence or absence of Poiybrcnc. Afller infection the
cells were washcd once and resuspended in culture medium with or without
cnh;inccr as required. A 2 ml sample was collected on days 3, 5 and 7 post-
infection, spun down and the supernatant stofcd at -20°C until the day of the p24

antigen assay. Results for days 5 and 7 arc shown.
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Fig. 15, Effect of Polybrene, used in several modalities on FIV-1 infection of
HUT-78 cells. Results of the mmunoflluorescence Assay (IFA).

The virus stock (308,000 'pglml of p24 Ag) used for infection was diluted
to-1:16 (19,250 pg/ml) before infecting HUT-78 cells. Polybrene was used at
2.5, and 5 pg/ml as follows:

| A. During infection.
B. Pretreatment.
C. Pretreatment and during infection.
D. During and after infection.
E. Pretreatment, during and al‘lcf infection.

Controls were uninfected cells and cells infected without polybrene.
Pretreatment consisted of an incubation period of 30 min. at 37°C with
Polybrene at the various concentrations.  After this, cells were spun down and
infected with virus in the presence or absence of Polybrene. Afler infection the
cells were washed once and resuspended in culture medium with or wilho'ul‘
cnhancer as required. A 2 ml sample was collected on days 3, 5 and 7 post-
‘ufection, spun down and the cell pellets were inactivated with AMT/UV
irradiation (sce Materials and Methods), washed and resuspended in PBS.
Smcars were prepared on slides for 1FA staining. Results for days 5 and 7 are

shown.
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1117, Effect of enhancers of HIV-1 infectivity in normal T cell blasts.

I repeated the experiments described in section 111.4 with some modifications
using normal T cell lymphoblasts as target cells rather than the cell line HUT-78. The
- stocks of virus used in these cxperiments were titered in normal lymphoblasts without
using cohancers. The virus dilution used for infection contained 50,000 pg/ml of p24
Ag. Sincc DEAE-Dextran and Polybrene are polycations that facilitate viral entry, they
were used during and after the infection, TNFo. was always added after the infection
since it increases transcription of the integrated virus. Infection was evalualed by IFA
and p24 Ag assay on days 2, 3 and 4 post-infection. On day 2, infccﬁon was -

undetectable. Results are presented for days 3 and 4 post-infection.

111.7.1. Tumor Necresis Factor-a

Maximum viral production was obtained using TNFe. at 5 ng/ml (Fig.16 A-B).
The effect was dose-dependent up to 5 ng/ml and dropped with the use of higher
concentrations. The enhancement was more noticeable on day 4 than on day 3 post-

infection. The results of 1FA (Fig.16A) correlate well with the p24 Ag assay (Fig. 16B).

111.7.2. DEAE-Dextran.

As shown in Figure (16 C—D), DEAE-Dextran enhanced viral production at
concentrations from 2,5 to 10 pg/ml; 10 pg/ml was slightly better in both the p24 Ag and
IFA assays.

111.7.3. Polybrene

As shown in Figure 16 (E-F), Polybrene increﬁsed infectivity when used at 2.5 or |
5 pg/mi as shown by the results of the p24 Antigen Assay (Fig 16F). It increased from 4 |
ng/ml for the control to 13 and 18 ng/ml respectively. The results of IFA (Fig. 16-E)

only show this increase at the 2.5 pg/ml concentration.
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Fig. 16, Effect of enhancers of HIV-1 infectivity on normal T cell blasts.
Mononuclear cells (MNC) from normal donors were obtained by Ficoll-Hypaque
separation, Cells were activated with PHA (0.5 pg/ml) and set in culture with 1L-2 (100
U/ml) and 2-Me (5 x 10'5 M). Tﬁrccduys later these T cell lymphoblasts were infected
with HIV-1 virus supernatant containing 50,000 pg/ml of p24 Ag,
Tumor Necrosis Factor-ot (TNFo) was always added alter the infection of the cells and
tested at 1, 5, 10, 50 and 100 ng/ml. (A-B). DEAE-Dc;lrau was used during and :1l'1¢r
the infection of the cells. It was tested at 2.5, 5, 10 and 20 pg/ml. (C-D), and Polybrene
was also used during and after the infection of the cells and tested at 2.5 and 5 pg/ml (E-
F). The experiment was evaluated by IFA (A-C-E) and by p24 Ag assay (B-D-F). A 2
sample was collected on days 3 and 4 post-infection, spun down and the supernatant
stored at -20°C until the day of the p24 Ag assay. The cell pellets were inactivated with
AMT/UYV irradiation (sce Materials and Methods), washed and resuspended in PBS.

Smears were made on slides from these cells for IFA staining.
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1IL.8. Comparison of different modalities of use of DEAE-Dextran (DD) and
Polybrene as enhancers of viral infectivity in normal T cell lymphoblasts. |

In the preceding experiments DEAE-Dextran and Polybrene were used in a single
modality: during and after infection with HIV-1. In the following experiments the effect
of DD and Polybrenc was tested in 5 ways: a) as pretreaiment of the target cells betore
infection with HIV-I, b) as simultancous exposure to DD or Polybrenc and virus, ¢) as a.
combination of pretreatment and simultancous exposure, d) a combination ol exposure
during and after infection, and ¢) as a combination of pretreatment and exposure during
and after infection. Pretreatment was done by incubating the cells with DD or Polybrene
for 30 min. at 37°C before exposurc of the cells to HIV-1. DD was tested at 5, 10 and 25
uglml. The 25 pg/ml concentration was not used after infection because in preliminary
experiment this concentration proved to be toxic 1o the cells. Polybrence was tested at 2.5
and 5 ug/ml. Experiments were done in triplicate. Results varied in terms of levels of _
p24 Ag and percentage of immunufluorescent cells due to differences in the infectivity of
the virus stocks used for the infection but the pattern was the same. A typical experiment
is analyzed next and shown in Table 4 (IFA) and Table 5 (p24 Ag assay). A single virus
dilution containing 19,250 pg/ml of p24 Ag. was used for the infection. Both enhancers
were tested on the same unit of blood to avoid introducing the variable of a dif fcfcnt
donor.

I11.8.1. Evaluation using the Immunofluorescence Assay (Table 4).

Maximum viral infectivity was obtained when the lymphoblasts were treated with
DD and Polybrene during the period of infection. For DD optimal results were obtained
5 days after infection at concentrations of 10 and 25 pg/ml. For Polybrene the optimal
dose wa§ 2.5 pg/ml but there was a delay in reaching maximum IFA posilivity (day 7

post-infection),
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11L8.2. Evaluation using the p24 antigen assay (Table 5).

The highest valucs of p24 Ag were obtained when the cells were exposed
to both virus and DD at the same time. To obtain an early maximum production
the dosc of 25 pg/ml appears optimal. For maximum infection on day 7, the dose
of 5 pg/ml was the best. When used as pretreatment and during the infection a1
10 ng/ml, infectivity was also greatly enhanced on day 5 post-infection. For
practical purposes, a dose of 10 pg/ml appears a safe compromise because it is
not as toxic as the 25 pg/ml concentration. Polybrene also has an enhancing
cffect on viral productio'n.at day 7 pest-infection at 5 ﬁglml when used as

pretreatment and during the infection, or during and afier infection.
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TABLE 4‘. Comparison of different modalities of ‘use of DEAE-Dextran and
Polybrene as enhancers of HIV-1 infection on normal PHA-stimulated T cell
lymphoblasts. Results of Immunofiuorescence (IFA). |
" The virus stock (308,000 pg/m! of p24 Ag) was used at a 1:16 dilution
(19,250 pg/ml). DEAE-Dextran was used at 5, 10 or 25 pg/ml. This last
coﬁccnlralion was not used after infecﬁon as it had proved toxic to the cells.
| Polybrene was tested at 2.5, and 5 pg/ml. Both enhancers were used as follows:
A. During infecﬁon.
B. Pretreatment.
C. Pretreatment and during infection.
D. During and afier in_t'cction;
E. Pretreatment, during and after infection,

Controls were uninfected cells and cells infected without enhancers.
Pretrcatment indicates an incubation period of 30 min. at 379 C with the
enhancers at the specified concentrations. Subsequenﬂy,lcells were spun down,
washcd once and infected with virus in the presence or absence of enhancers as
required for cach culture. After infection cells were washed once and set in
culture with or without enhancers as specified. A 2ml sample was collected, spun
down and the supernatants stored for the p24 Antigen Assay. The cell pellets

~were inactivated with AMT/UYV irradiation, washed in PBS and smears made on
slides for IFA staining on days 3, 5 and 7 post-infection. Results for days 5 and 7

post-infection are shown.



TABLE 4
Iinmunofluorescence
(% of Positive Cells)

5DPI 7 DP1
Control (Infected alone) 7 13
“A. During Infection
- DD (Sug/ml) 6 11
- DD (10 pg/ml) 10 9
- DD (25 pg/ml) 15 9
- Polybrene (2.5 pg/ml) 2 20
- Polybrene (5 pg/ml) 7 13
B. Pretreatment
- DD (5pg/ml) 2 5
- DD (10 pg/ml) 2 10
- DD (25 pg/ml) 1 8
- Polybrene (2.5 pg/ml) 4 12
- Polybrene (5 pg/ml) 4 10
C. Pretreatment and during
- DD (5pg/ml) 6 10
- DD (10 pg/ml) 7 13
- DD (25 pg/ml) 5 10
- Polybrene (2.5 pg/ml) 6 17
- Polybrene (§ pg/ml) 5 7
D. During and after
- DD (Spg/ml) 3 10
- DD (10 pg/ml}) 5 10
- DD (25 pg/ml) nd nd
- Polybrene (2.5 pg/ml) 5 12
- Polybrene (5 pg/mi) 3 15
E. Pretreatment, during and after
- DD (Spg/ml) 6 15
- DD (10 pg/ml) 10 11
- DD (25 pg/ml) nd nd
- Polybrene (2.5 pg/ml) 2 7
- Polybrene (5 pg/ml) 2 7

nd= not done DD=DEAE-Dextran



62

TABLE 5. Comparison of different modalities of use of ﬁEAE-Dextran and
Polybrene as enhancers of HIV-1 infection on normal PHA-stimulated T cell
lymphoblasts. Results of the p24 Ag assay.
" ‘The virus stock (308,000 pg/ml of p24 Ag) was used at a 1:16 dilution

(19,250 pg/ml). DEAE-Dextran was used at 5, 10 or 25 pg/ml. This last
‘concentration was not used after infection as it was toxic to thé cells. Polybrene
was lested at 2.5, and 5 pg/ml. Both enhancers were used as follows:

A. During infection.

B. Pretreatment.

C. Prelreﬁlmcnt and during infection.

D. During and after infection.

E. Pretreatment, during and after infection,

Controls were uninfected cells and cells infected wilhoﬁt enhancers. Pretreatment
indicates an incubation period of 30 min. at 370 C with the enhancers at the specified
concentrations. Subsequently, cells were spun down, washed once and infected with
virus in the presence or absence of enhancers as required for each culture, After .
infection, cells were washed once and set in culture with or without enhancers as
specified. A 2ml sample was collected, spun down and the supernatants stored for the

p24 Ag assay. Results for days 5 and 7 post-infection are shown.



TABLE S

p24 Assay (ng/ml)
S DPI 7 DPI

Control (Infected alone) 15 40
A. During Infection .
- DD (Spg/ml) 22 94
-- DD (10 pg/ml) 32 - 76
- DD (25 pg/ml) 94 59
- Polybrene (2.5 pg/ml) 6 33
- Polybrene (5 pg/ml) 2 49
B. Pretreatment
- DD (Sug/ml) 12 35
- DD (10 pg/ml) 22 41
- DD (25 pg/ml) 11 27
- Polybrene (2.5 pg/ml) 10 23
- Polybrene (5 pg/ml) 12 40
C. Pretreatment and during
- DD (Spg/ml) 36 87
- DD (10 pg/ml) 83 81
- DD (25 pg/mb) 14 19
- Polybrene (2.5 pg/ml) 21 42
- Polybrene (5 pg/mi) 21 52
D. During and after
- DD (5ug/ml) 17 72
- DD (10 pg/ml) 22 41
- DD (25 pg/mil) nd nd
- Polybrene (2.5 yg/ml) 9 34
- Polybrene {5 pg/ml) 7 54
E. Pretreatment, during and after
- DD (5Spg/ml) 22 49
- DD (10 pg/mi) 52 45
- DD (25 pg/mi) nd nd
- Polybrene (2.5 pyg/ml) 19 0
- Polybrene (5 pg/mti) 8 53

nd= not done DD=DEAE-Dextran
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1119, Effect of DEAE-Dextran and Polybrene on HIV-1 viral entry in normal T
Iymphobla'sts and in T lymphoblasts from HIV+ asymptomatic patients.

The previous experiments were concerned with the establishment of optimal
conditions for infection of cell lines and. normal T cell lymphoblasts. ‘However, such
experiments are not the best indicators of viral entry since 2 high viral dose can lyse the
cells and high doses of polycations can also be toxic to the cells. Thus, the effect of the
polycations on viral'gmry was determined soon aﬁer infection. The binding and uptake
of virus immediately after exposure to the virus was measured. Uptake of virus was
: quanliﬁcd by Washing the cells followed by lysis of the cell pellet with Triton. The p24
: antigen was measured in the cell lysate. As shown in Ta§le 6, DEAE-dextran enhanced
viral entry with p24 antigen values up to 100-fold higher than control values without
cnhancer. Polybrene is a modest enhancer by comparison, the p24 values increased only
8-fold over control values. |

My main concern was to determine if the CD4Y T cells from HIV-17
- asymptomatic patients were also able to take up the virus. This was of utmost
importance in CTL assays where these cells are used as targets. Table 7 indicates that the
virus was incorporated and that DEAE-Dextran increased the viral entry. Resulls of the

p24 Ag assay done right after infection and 24 hours later are shown in the table.



TABLE 6

Effect of DEAE-Dextran and Polybrene on HIV-1 viral uptake by
normal T lymphoblasts immediately after infection and 24 hours later
p24 Ag assay (pg/ml). ‘

Exp.i#1 ~ Exp.#2

After inf. 24 h.after  Afterinf. 24h after

A) Uninfected - 0- 0 0 0
B) Infected alone 35 RS VRN 0
C) DEAE-Dextran :

1. During Infection (25 pg/ml) 3481 16 1420 15
2. Pre and during (10 pg/ml) 2140 - 930 1490 31

D) POLYBRENE
3. Pre and during (5 pg/ml) 284 135 76 0

Mononuclear cells from normal donors were infected with a viral supernatant containing
95,000 pg/ml of p24 Ag. In some cases, as specified in the Table, the enhancers of
infectivity were used as pretreatment and during the infection. For pretreatment, cells
were incubated with DEAE-Dextran or Polybrene for 30 min. at 370 C. After the
infection, the sample was washed 5 times in PBS. The cell pellet was lysed with 1 ml of

PBS/1% Triton X-~100. Cells were then spun down and the supernatant collected for the
p24 Ag assay.
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TABLE 7 :
Efrect of DEAE-Dextran and Polybrene on HIV-1 viral uptake by

T Iymphoblasts from HIV-1 + asymptomatic patients

p24 Ag (pg/ml)

After inf. 24 h.after

. A) Uninfected

Curl. (HIV-1 Negative) B 0 0
CPL L Weak 0
PL2 0 0
" PL3 0 0
PL4 ' . Weak 0
B) Infected alone .
Ctrl. (HIV-1 Negative) 41 0
PLl. 49 Weak
PL 2 50 0
PL 3 38 27
PL 4 71 Weak
C) DEAE-Dextran (Pre and during (10 p.glml)
Cul. (HIV-1 Negative) 725 58
PL1. 625 86
PL 2 715 19
PL 3 : 740 92
PL4 2055 89
D) DEAE-Dextran (During Infection (25 uglml)
Curl. (HIV-1 Negative) 960 109
Pt 1 : 1105 196
P2 995 101
D) Polybrene (Pre and during (5 pg/ml)
Curl. (HIV-1 Negative) 64 Weak
Pt 1 - 143 Weak
Pt. 2 - 60 0
Pt. 3 141 25
Pt. 4 157 19

Mononuclear cells from patients were infected with a viral supernatant containing 95,000
pg/ml of p24 Ag. In some cases, as specified in the Table, the enhancers of infectivity
were used as pretreatment and during the infection. For pretreatment, cells were
incubated with DEAE-Dextran or Polybrene for 30 min. at 370 C. After the infection, the
sample was washed 5 times in PBS. The cell pellet was lysed with 1 ml of PBS/1%

Triton X-100. Cells were then spun down and the supernatant collected for the p24 Ag
assay.
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IIL.10, The susceptibility to infection by HIV-1 of normal T cell lymphoblasts varies
with time in culture,

In sgvcral experiments, lymphoblasts from HIV-1 infected patients appeared to
become resistant to-infection afier being in culture for more uﬁm 6 days. An cxperiment
testing the susceptibility of lymphoblasts to HIV-1 kept in culture from 3 to 6 days was
cvaluated. Using the same lot of virus the cells were infected on day 3 and on day 6 after
PHA stimulation. A fepresemative experiment is shown in Fig. 17. The virus stock used ‘
for the infection contained 200,000 pg/ml of p24 Ag. As shown in the Figure l’II. when
the cells were infected 6 days after PHA stimulation, there was very little cvidcnéc of
- infection when compared with cells infected 3 days after PHA slimulaﬁon. The infection
was undctcctable by IFA on day 6. This experiment confirmed my observation and

strongly suggested that infectivity experiments should be done 3 days afier PHA

. stimulation.

In another experiment, the effect of enhancers of infectivity and viral replication
was evaluated. As shown in Figure 18, on day 5 post-infection, although there was
evidence of infection, the amount of p24 antigen produced by cells infcéled 6 days post-
PHA stimulation was lower than the ambunl produced by cells that had been infected on
day 3 (Fig. 18A). On the contrary, the resuits by immunofluorescence indicated that the
infection of cells on day 6 post-stimulation was successful although still less effective
than on day 3 post-stimulation (Fig.18B). There was an apparent discrepancy between
the p24 antigen values and the immunofluorescence assay, suggesting that on cells
infected on day 6 post-stimulation the release of virus to the supernatant was markedly
decreased, but that enough virus was produced and retained inside the cell to give clearly
positive results by immunofluorescence. In the experiments shown in Figure 18, DEAE-
Dextran again appears to be the most effective enhancer of infectivity. The effect of

TNFo was noticeable on day 7 post-infection in cells that were infected 6 days after PHA
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stimulation (Fig.18C). This was seen only in increased production of p24 antigen when
cqmparcd with infected but untreated control. The infection reached almost the same
levels as those scen on day 5 post«-i:nfccliqn with the use of DEAE-Dextran. On day 7
post-infection lhérc was also an increase in the percéntagc of positive cells that Wcrc |
exposcd to TNFa. (Fig.18D). The cells appearéd to stain brfghter than control cells
suggesting that the amount of virus per cell may be higher. This seems to indicate that
TNFo lakés effect in low titer infections or infections that are kept in culture for longer

" periods.
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Fig.17. The susceptibility to infection by HIV-1 of normal T cell
lymphoblasts vﬁﬁes with time in culture. |

Infections with a virus supcmataﬁt cbntaining 260,000 pg/ml of p24 Ag,
were done ‘on‘ the éame blood sample 3 and 6 day$ after PHA stimulation,
Samples were coilcctcd for the p24 Ag assay on days 0, _2. 3,4and 5 posi- "
infection. The infection donc 6 days after PHA stimulation shows very low levels

of infection.
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Figure 18. The susceptibilit- to infection by HIV-1 of normal T cell
lymphoblasts varies with time in culture. Effect of enhancers on infectivity
and viral replication. _

A virus stock containing 308,000 pg/ml of p24 Ag was employed. A
dilution of I 116 (19,250 pg/ml) was used for infection on day 3 or 6 post-PHA
stimulation of cells. Enhancers were.added as shown'in the figure. Cells were
infected for 2 hours at room 'tcmpprature in the presence of either DEAE-Dextran
(10 pug/ml) or Polybrene (2.5 pg/ml). They were washed once and set in culture
medium containing IL-2 and 2-Mercaptocthanol with or w‘ilhoul‘lhc enhancer,
TNFo -(5 ng/ml), when used, was added to 1hc culture medium afler "infcclion.
Three days later, cultures were split 1:3 with medium exchanges containing the
same enhancers. Controls were uninfected cells and cells infected without
cnhancers. For the p24 Ag assay (A, C), a sample was collected, spun down and
the cell culture supernatant tested on days 3, 5 and 7 post-infection. The cell
pellets from the samples were inactivated with AMT/UV irradiation (sce
Materials and Methods), washed and resuspended in PBS. Smears were prepared

for IFA staining (B, D). Results for days 5 and 7 posl-infection are shown.
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IIL. 11. Studies of Cytotoxic T lymphocytes (CTL)
In the following scctions the results analyzing the specific CTL activity against

HIV-1 from asymptomatic patients are described.

HMIL11.1 Cloning of Cytotoxic T Lymphocytes (CTL).

CD8* T cells from HIV-1+ asymptomatic patients were cloned by limiting
dilution of blood mononuclear cells, The generation of clones requires the presence of
irradiated autologous or heterologous fesders or “filler cells” which provide the necessary
accessory molccules and cell density. "Cells were initially activated with PHA (0.5
ug/ml). Feeder cells were added the first day and at two-week intervals. Instead of using
PHA for the required periodic re-stimulation of the clones, feeders were treated with
Neuraminidase/Galactose oxidase (see Mateﬁals and Methods). This is a non-antigen-
specific stimulation for CTL clones. The method is a substitute for the usc of mitogens
like PHA which can be toxic for cells in long-term culture (Fleischer, 1988). This
medium with feeder cells is called expansion/cloning medium. IL-2 (100 U/ml) and
IFNy (200 U/ml) were also added to the medium. These cytokines syhergizc in producing
proliferation and differentiation into CTL. Between expansions, medium cxchanges
were done with feeding medium (no feeders). This method of cldning was developed
based on reports from the literature (Walker et al., 1989) as well as on my own
experience over many cloning experiments. With this method the cloning efficicncy was
very high and we were able to maintain clones for weeks, allowing testing for CTL

activity. Table 8 shows the efficiency of the cloning system for 7 experiments.



7l

TABLE 8
- Cloning of CTL
Experiment # Totél # No. of wells Cloning Efficiency
of well; with clones - (Percentage %)
1 80 25 | | 31
2 80 51
3 - 180 79 o 44
4 | : 180 | 34 | 19
5 x 240 93 . 39
6 | 240 111 46

7 310 132 - 43

PBMC from HIV-1" asymptomatic patients were seeded at limiting dilution in 96-well
plates in a final volume of 0.2 ml containing IMDM/20% FCS, irradiated autologous
feeder cells, IL-2 (100 U/ml), 2-Me, and IFNY (200 U/ml). Between 11 and 14 days later,
proliferating clones were subcultured and expanded into 5 or 10 wells each and later in
24-well plates.

PBMC from the same blood sample were stimulated with PHA and separated 7-
14 days later into CD4 and CD8 fractions with the use of magnetic beads. The CD4+ T
lymphocytes were kept in culture with Castanospermine (25 pug/ml). Castanospermine is
an anti-HIV drug that acls by extensive modification of the glycosylation of the envelope
glycoprotein. The abnormal glycoprotein ¢an no longer be processed to its gp120 and
gp41 portions. Such molecule renders the virus unable to gain entry to target cells thus
inhibiting the spread of virus to uninfected cells. The CD4 cells were used as targetsina -
CTL assay. The target cells were prepared without using enhancers of infection., The
elfector ceils were clones that were more than 60% cpst,

Table 9 shows the percentage of positive clones in the CTL assays.



TABLE 9

CTL assay
Experiment # _ | Percentage of Positive Clones

1 40% (10/25)
2 27% (4/15)

3 | 6% (2/31)
4 0% (0/3)
5 13% (3/24)
6 0% (0/12)
7 5% (3/61)

The CD4 T lymphocytes used as targets were infected with HIV-1 virus supernatant for 2
hours. The infection was done between 18 and 43 days after the initial PHA stimulation

of the cells. The clones were tested for their CTL activity in a 6 hr. 31Cr assay.
Spontaneous release was always 18-20% of maximum release. Effector:Target ratio was
3:1. Cytotoxicity of the clones varied from 3 to 88%.

The preparation of the CD4 T lymphocyte as target cell was problematic. These
cells died rapidly in culture. Fresh cultures had to be started from frozen stocks. In
some cases they were difficult to label with J1Cr. Results were not easily reproducible

due to these difficulties.
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IIL11.2. CTL assays with improvéd infection protocol of the CD4 T-

lymphocytes used as Target Cells.

The results in the previous section demonstrate that in order to obtain CD4+
targets, enhanced infectivity of these cells had to be achieved. The results in Figure 18
showed that infection of cells 3 days after PHA Stimulation, with or without enhancers,
was successful and these cells could be efnployed in CTL assays. Based on these results,
cells from HIV-1+ asymptomatic patients were infected 3 days after PHA stimulation
with the optimal titer of 2 virus supernatant (1/3 dilution of 285,000 pg/ml of p24 Ag).
One cxpcﬁmcnt was done withoﬁt enhancers of infectivity, one with DEAE-Dextran
~ (DD), 25 pg/ml durir.g infection and two more with DD as pretreatment and during the

infection at 10 pg/ml. To determine viral entry a sample of cells was lysed 24 hours
after infection and the presence of the virus tested with a p24 Ag assay (Table 10).
Incubation of the cells after infection with mg virus was either 24 or 48 hours and the
time of the S1Cr release assay was at 4, 6 or 18 hours. The effector cells were CD8+ T
cells obtained by separation of CD8* T cells using CD8 Dynabeads at low bead to cell
ratio (3-5:1). The beads were removed after 24 houss in culture. The CD8* T cells were
maintained in culture with IL-2-containing growth medium. For the CTL assay the
cffector-to-target ratio varied from 40:1 to 5:1. In some experiments (6 or 18 h Cr. test)
spontancous release was more than 55% of total release. This invalidated these results
which are not included in Table 11. This Table 11 shows the results of the experiments
in which the percentage of the spontaneous release was between 4 and 25% of total
release. No CTL activity was obsérved in spite of the improved preparation of the target

cell.
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Viral Entry Assay in CD4+ T lymphocytes from HIV-1+ asymptomatic patients

to be used in a CTL Assay.
- Subject _ - P2AAg. Enhancer
(pg/ml) of Infectivity
Control. (HIV-) 243 DD (25)
Pt. 1 939 "
Pt 2 147 "
Pt. 3 376 "
Control (HIV") 4225 DD.(10)
Pt. 4 2260 "
PL S 4300 "
PL 6 9130. "

Pt 7 4205

DD (25)=DEAE-Dextran, 25 pg/ml during infection.

DD (10)=DEAE-Dextran, 10 pg/m] as pretreatment and during infection.
Cells were washed 5 times 24 hours after infection and lysed with PBS/1% Triton X-100.
They were spun down and the supernatant collected for the p24 Ag assay.



TABLE 11

'HIV-l-speci_fié,CTL Assays from asymptomatic patients.
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Vlrus S.N.= 95,000 pg/ml of p24 Ag.
E:T=Effector/Target Ratio
*k 24 hrs of incubation with virus
**% 48 hrs of incubation with virus
**%* DD during the infection (2hrs)
*¥¥%¥* DD as pretreatment (30 min.) and during infection (2Zhrs).

Subject . - Sler.Release Virus 51Cr'l‘est ‘DD
' ' % (hours)
‘Cul. (HIV?) nd. 14 1 14 Pellet 4 no
Pt 1 nd. 0 0 1 "o ' " "
Pt. 2 nd. 3 0 0 " " "
Pt. 3 nd. 0 0 1 " " "
DD**#*(ZS I_lg[ml)** : »
Cul. (HIV) nd. nd 0 0 S.N. 4 DD (25)
Pl 4 nd. 0 0 0 " " "
Pt 5 nd nd O 0 " " "
PL. 6 nd. 1 0 1 " " "
DD*****(]Q uglml)***
Cirl. 0 0 13 0 S.N. 6 DD (10)
PL7 6 13 0 0 " " "
Pt 8 0 0 0 0 " " "
Pt 9 8 1 1 2 " " "
Pi. 10 2 0 3 12 " " "
S.N.= virus supernatant n.d.= not done DD= DEAE-Dextran
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IIL12. Macrophage as Target Cell in a CTL Assay.

The results reported in the previous sections strongly indicate that CD4+ T cells
from HIV-1 infected paticnts are not suitable target cells. Expcrimcnts were performed
to determine if the blood monocyte could be employed. In experiments done in this
- labor'atory, blood monocytes from HIV-1 infected patients, when placed in cullufu in the
presence of Granulocyte-Mncmphagé Colony Stimulating Fﬁclor (GM-CSF), show
evidence of HIV—I infection (multinucleated giant cells, HIV-1+ by imhiunopcrqxidasi:)
7 to 14 days after culture inilialjon. Thus, macrophages were culturcd_Without
reinfection in the presence of CD4+ T cells but depleted of CD8* T cells. These later
cells were cultured separately to be used as effector cells, Peripheral blood mononuclear
cells (PBMC) from HIV-1-positive asymptomatic patients were obtained by Ficoll- a
Hypaque. HIV-1-negative donors were used as controls. Monocytes were obtained [rom
buffy coat by CD8* T-cell depletion (CD8 Dynabeads) and adherence to plastic. At no
point were they superinfected in vitro with HIV-1. Supernatant was collected on days 5,
7 and 10 to determine p24 Ag expression. CTL relative frequencies were derived by
incu.bating effector CD8 T-lymphocytes with 31Cr-labelled macrophages at dillcrent
effector:target ratios. J1Cr release was measured after an 18-hour incubation because
macrophages are relatively resistant to cytolysis (Hoffenbach et al., 1989). Table 12
shows that after 10 days in culture PHA-stimulated CD8 T-lymphocytes contained HIV-

1-specific CTL. These results suggest that blood-derived macrophages are suitable target
cells for the CTL assay. Another advantage is that we can use the virus that has infected
the patient rather than a laboratory strain of virus.

In future experiments using this type of assay, several controls should be
included. The most important one should be able to determine if the cytotoxicity is due
to Natural Killer (NK) cells instead of CD8 T lymphocytes. To this effect the effector

cells should be depleted of NX cells with the use of magnetic beads expressing the



-- spcéiﬁq marker for NK cells. Another control should include the inhibition of the
spéciﬁc cylotoxic response with the use of mAbs against the CD3/T-cell receptor

“complex. A third control should include heterologous non-infected macrophages as

targets as well as autologous macrophages infected with a different virus in order to

define the MHC-restriction and HIV-1-specificity of the response.

77



73

~ TABLE 12

HIV-1-specific CTL from PBMC from infected individuals.
Target Cell: Macrophage.

Subject Statuz Assay Time Percent S1Cr. Release
: (hours)
20:1 10:1 - |
1.(Ctrl) HIV-Neg. 18 0 0 0
2, HIV-Pos. 18 52 11 5
3. HIV-Pos. - 18 12 11 6

PBMC were obtained by Ficoll-Hypaque. To obtain macrophages, the buffy coat was
depleted of CD8 T-lymphocytes with the use of magnetic beads and adherence to 12-
well plates at 2 x 106 cells per ml in | ml volumes. On day 10 they were harvested with
PBS/10%EDTA, labelled with 51Cr and tested in an 18-h assay. Effector cells were the
CD8-positive T-lymphocytes from the same patient, stimulated with PHA (1 pg/ml) and
kept in 20%FCS/IMDM and IL-2 (50 U/ml) for 10 days.
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1V. DISCUSSION

. IV.1. HIV-1-specific Cytotoxic T Lymphocytes (CTL).

The ccll-mcdiale.d‘immunc response .gi-ves protection against viruses or parasite
infections by killing the infected cells. In the case of HIV-1, there is a strong HIV-1-
- specific C’fL response. CTL have been detected in the lungs of infected patients against
alvcolaf macrophages (Plata et al., 1987a), in the lymph nodes and in the cerebrospinal
fluid of paiicnls with neurclogical disorders (Sethi et al., 1988). CTL have been detected
~in fresh PBMC from HIV-1-positive patients, either asjrﬁptomatic or with AIDS. A
sufprising finding (defénl‘aach etal, 1939) is that peripheral blood lymphocytes (PBL)
from séroncgalive donbrs also respond to HIV—I stimulation irn vitro and large numbers
of HIV-i-spcciﬁc CTL can be generated from PBL. The relevance of CTL for
prolectidn against HIV-1 is a controversial subject. Even though lhg virus appears to
generate a Strong CTL response, this response does not seem to be enough to control the
spread of the virus. The CTL response also mediates inflammatory damage in the host's
lissues. .

CTL belong to the CD8 subset of T lymphocytes and are restricted by Class I
MHC. A subéet of CD8 T lymphocytes can control HIV-1 infection in vitro by
| suppressing virus replication (Tsubota et al., 1989a; Walker et al., 1986; Joly et al., 1989;
Kannagi et al., 1988). The HIV-1 specific CTL response drops to undetectable levels in
the final stages of the disease. It is unclear why this happens. The patients maintain
normal cytolytic function, but seem to lose the HIV-1-specific cytntoxicity (Pantaleo et
al., 1990b). This is probably due to an increase in a subset of CD8 DR cells that lack
_lhc receptor for Interleukin-2 (CD25). These T lymphocytes no longer respond to the
HIV-1 antigen stimulation. The expansion in vivo of CD8*DR cells is common to
other viral infections such as Epstein Barr Virus (EBV) and Cytomegalovirus. It also

occurs in bonc marrow transplantation and certain chronic inflammatory diseases such as
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systemic lupus erythematosus and rheumatoid arthriiis. Thus, the appearance of this _
subset may not be specific for HIV-1 infection, but appears to be common whenever a
chronic stimula;ion of thec immune sjrstcm dccurs (Pantaleo et al 1990a).

| A good CTL assay would help to define the epitopes in the target cell ihat are

.‘being recognized by the cytotoxic T cells. A major part of humaﬁ CTL responses to
HIV-1, gag, pol, vif and nef proteiné seem to be directed againsl conscrved cpitobcq 'Thc
viral anugcns 10 be 1nc0rporaled in the desxgn of a future vaccme should be selected from
these reg:ons The env protein exhlblls a great degree of variability with the exception of
a small sequence in the V3 loop. The variable part of the env protcm has the ‘
disadvantage that it can cross-react with self antigens (Cheng-Mayer et al., 1988b),
Therefore, more detailed definition of these epitopes is of great importance, |

Since the CD8* T cells can suppress HIV-1 replication in mﬁ.clcd lymphocytes,
the cloning of lymphocyles has a dual purpose: First, the CD8+ clones can be used in
CTL analyses. Second, they can be kept frozen for later use in cell therapy for the same
patient via adoptive transfer.

The CD4+ population in a patient decreases with time during the HIV-1 infection.
Therefore, the CTL assay using the autologous CD4 T cell as target can only be useful
during the asymptomatic phase or in the early stages of the disease.

In CTL assays, the following cells have been used as targets: Autologous cp4t
T lymphocytes (Hoffenbach et al., 1989), EBV-immortalized lymphoblasts (Malkowsky
et al., 1988; Blumberg et al., 1987a&b; Dahl et al., 1987), alveolar macrophages (Plata ct
al., 1987a; Hoffenbach et al., 1989; Autran et al., 1988), HLA-matched macrophagqs
adsorbed with UV inactivated HIV-1 or purified gpl120 (Weinhold et al., 1988; Sethi ct
al., 1988). In this case lhc. viral proteins are captured, processed and presented as
peptides. HLA-matched EBV-immortalized B cells infected with Vaccinia virus
recombinants that express genetic sequences of gag, rev or RT of the HIV-1 genome

(Walker ct al., 1987a&b and 1988; Nixon et al., 1988). The problem with this type of
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target is the extreme toxicity of Vaccinia virus o the cells which leads to increased
background in the 51 Cr release assay. Human blood monocytes are also excellent
targets for the CTL Assay. Their convﬁniencc lies in the fact that they cah be
radiolabelled immédiatély after isolation or after culture for as long as 7 days. They also ‘
take up the 31Cr completely with low spontaneous release (Young and Steinman, 1987).

A major problem in determining CTL specificities is.the 1ack of app_ropriate
target cclls expressing well-defined HIV-1 antigens. Since the CTL killing is MHC
reslriclcd. both effector and target cells have 1o share some of the HLA Class I or Class II-
anligéns. HLA Al, A2, A3 and A9 anﬁgcns have been shown to associate with HIV-1
antigen for CTL rccognilion (Langlade-Demoyen et al., 1988).4 A Single HLA antigen
can serve asllhc restricting element for more lhah one.epitope (Walker et al., 1989).
Sclecting the autologous CD4 T-lymphocyte as target complies with this requisite.

My approach consisted of .‘gencraﬁng clones from HIV-1-positive asymptomatic
paticnts. These clones were tested for their cytotoxic activity against autologous cpatT .
lymphocyles that had been superinfected in vitro with HIV-1. The advantage of cloning
is that a single CTL cell is expanded into a clone. If the clone is HIV-1-specific the CTL

response is greatly enhanced.

1V.1.1. Cloning of Cytotoxic T-Lymphocytes.

The frequency of HIV-1 specific CTL among the circulating lymphocytes of
HIV-1 infected patients is very high in the early stages of the disease. In contrast to
other viruses, there is no need for specific antigenic stimulation in vitro to detect these
HIV-1 specific CTL. This, however, is a requirement to derive CTL. from seronegative
donors. Several sliﬁmlation strategies are used to promote the expansion of CTL in vitro.
These include: Phytohemagglutinin (PHA), concanavalin A, anti-CD3 monoclonal
antibody, HIV—l-int‘ected‘ autologous or heterologous irradiated lymphoblasts and

irradiated whole virus.



In my experiments to derive CTL clones I used PBMC from HIV-1 positive
asymptomatic patiems.‘Thc initial stimulation was done with PHA. Subsequent
stimulations wefe done every two weeks with heterologous irradiated feeder éells treated
with Neuraminidase/Galactose Oxidase (sce Materials and Methods). This is a non-
antigcn-épcciﬁc st_i_mulalion for CTL clones. By imfoducirig aldchydcs into galactose
residucs‘on stimulator cells, clones are stimulated wilhoui the use of lectins like PHA,
This avoids the toxic effects of this mitogen. Also the use of lectins can Iead to mulual
killing if the clones possess cylotoxic activity (Fleischer. 1988). The clones I generated |
were ﬁot exposed to exogenous -)ifal antigen at any time.

| IFNy was added to the cloning medium the first day of PHA stimulation. IFNy
has‘been shown to synergyze with IL-2 to induce proliferation and differentiation into
CTL (Chen et al., 1986; Maraskovsky et al,, 1989),

. The results I obtained with this cloning protocol were promising. I had a high
percentage of proliferating clones which were kept in culture for several weeks. Clones
were phenotyped by Flow Cytometry and those that were more than 60% CD8-positive
were selected to be used as effectors in the CTL assay. They were tested 4-6 weceks after
cloning for their CTL activity. The percentage of wells that showed CTL activity varied
from 0 to 40%. Even though a response could be generated, results were not consistent.
I encountered problems with the autologous CD4+ T lymphocytes that were used as
targets. For this reason the clones that had been generated from the HIV-1+

asymptomatic patients were cryopreserved in liquid nitrogen for future evaluation.

IV.1.2. CD4 T-lymphocyte as Target Cell in the CTL Assay.
The autologous CD4 T lymphocytes that I used as target cclls proved to be a
difficult cell to grow and properly reinfect with HIV-1 before the CTL assay. In some

experiments the CD4+ T lymphocyte could not be properly labelled with the 31Cr.
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An investigation of these problems led (o a series of experiments to improve the
HIV-1 infection of T cells. With this objective, experiments were carried out in a human
T cell line, HUT—?S, and in normal blood T lymphocytes. This project represents a major
aspect of this thesis. | o

I defined the following arcas that needed further evaluation: 1) Titration and
characlerization of the HIV-1 viral supernatants used for infection. 2) Evaluation of the
cffect of long-term storage on the viability of virus supernatants. 3) Evaluation of the
use of DEAE-Dextran, Polybrene and TNFo as enhancers of viral infectivity.
4) Determination of the best time for infection after PHA stimulation of the target cell.

Since HIV-1 slfains are heterogenous in their host range, infections arc best
defined if the virus is studied in a cell line and is éompared to the corresponding primary
cell. For this rcaéon I selected a T-cell line, HUT-78, and normal T lymphocytes to

titrate the virus and 1o test the enhancers of infectivity.

IV.2, Target Cell Preparation

IV.2.1. Titration and Quantization of viral supernatants,

In spite of the importance of quantitating HIV—i infection in vivo and in vitro,
developing standards for titration and quantization of virus expression has been difficult.
Onc nceds to cvaluate the infection with more than one assay.

Various assays can be used to detect the infection. The p24 antigen assay provides
an idea of the amount of virus particles produced, but it is not an indicator of the viability
of the virus supernatant, In a patient, HIV-1 antigenemia is significant at the period of
seroconversion, before thé appearance of HIV-1 antibodies and at the terminal stages of
infection. Consequently, the p24 Ag assay is a good indicator of the progression of the |
discase. IFA gives an approximation of the number of cells infected, but not of the
infectious particles produced. A drawback with this assay is that infected cells are not

detected until 3 days after the infection. The CPE is an indicator of the biological



aclivity. In strains of virus that produce this effect, it is a good carly indicator of the titer
- and viability of the viral stock, The CPE consists of syncytium formation and single-cell
lysis. It occurs by the fusion of the HIV-1 envélope glycoprotein gp120 with the CD4
molccule. These membranc fusion events can be disrupted by mutations in the
transmembrane region of the gp41 (Kowalski et al., 1991).

- HIV-1 slrgiﬁs may differ in pathogenicity. They may even cvolve 10 increased
virulence in the course of infection in the same individual. For this reason it is important
to develop a sensitive, specific, quantitative infectivity assay for HIV-1 in an established
cell line. In my case I found that the virus strain I used was highly cytopathic for the
HUT-78 cell line, even though it did not produce syncytia t‘drmation in normal T cells. In
HUT-78 cells, syncytia formation begins to appear 3 days after infection and peaks by
day 9 or 10 post-infection. One can correlate the amount of p24 antigen used for the
infection with the CPE produced.

The titration experiments were done in HUT-78 cells and normal T cell blasts.
Virus supernatants (stocks) were produced in our laboratory by infecting HUT-78 cells.
~ Various lots were kept frozen at -80°C. I concluded from the titration of some of these
stocks that a viral supernatant of >100,000 pg/m! of p24 antigen is required to obtain a
strong infection that is easily detectable.

I monitored the infections done in all experiments with the three assays

mentioned above: p24 Ag assay (Abbott), IFA and CPE,

IV.2.2. Effect of long-term storage on the viability of viral stocks.

The viability of the virus supernatants decreases with long-term storage at -80°C,
I proved this by repeating titrations with the same stock at 6-weck intervals. It is
therefore recommended that the virus stock be titrated for each experiment. The
infection should be evaluated by observing the CPE to determinc the viability of the lot.

An advantage of the CPE assay, in cases where the virus is cytopathic and the cell line is
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susceptible to the cytopathic effect, is that an easier titration can be made without further
processing or the measurement of other parameters (IFA, P24 Ag). The HUT-78 cell
line is more receptive to infection if it is kept in culture only for a maximum of 20

- passages (approximéwly one month). Therefore new cultures should be started at one-

" month intervals.

1V.2.3. Enhancers of viral infectivity.

My purpose in increasing infectivity of the HIV-1 virus was twofold: 1) To oblain
a quick, strong infection that would produce high titer viral supernatants and thereby
permit us to maintain fresh viable stocks in the Lab. 2) To obtain a fast, acute infection
of the CD4* T lymphocyte to be used as larget cell in a CTL Assay., |

I chose three enhancers of infectivity for this purpose: DEAE-Dextran and
Polybrene, two polycations that facilitate virus entry into the cell, and a cytokine, Tumor

Necrosis Factor-Alpha.

i. DEAE-Dextran. _

DEAE-Dextran is a polycation that enhances the cellular uptake of infectious
viral RNA, DNA or intact viruses. Levels of DEAE-Dextran as low as 30 pg/ml are
sufficicnt to lend some protection against nuclease action (Maes et al., 1967). As early as
1968 its use was reported to enhance infectivity in plaque assays of Simian Virus 40
(McCutchan & Pagano, 1968) and in Murine Sarcoma Virus (MSV) (Duc-Nguyen,
1968). The infectivity depends on the molecular weight (MW) of the polycation. In
these early experiments the highest titer of infectivity was obtained in experiments with
the standard compound of MW 2,000.000. Tﬁe DEAE-Dextran I used has a MW of
5.000,000. Duc-Nguyen, in his work with MSV in 1968, reported the use of DEAE-
Dexitran (25 pg/ml) as pretreatment for 90 minutes at 37° C. He reported that a two-hour

incubation was too toxic for the cells. The pretreatment was followed by three washings
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of the cells to remove all traces of the DEAE-Dextran before the infection. He found
that DEAE-Dextran at 50 pg/ml is very toxic for the cells. _

Recently DEAE-Dextran has been used 10 isolate HIV-1 from peripheral blood
mononuclear cells (PBMC) from infected individuals. For this lechnique, DEAE-
Dextran is used at 10 pg/ml (Coombs ct al., 1989). Its use has also been reported as
prelrealmeﬁi (25 pg/ml - 30 min at 37° C) bcfdrc the infection.of ﬁbroblhsts and
epithelial cells with HIV-1 (Ikeuchi et al., 1990; Tateno et al., 1989; Levy et al., 1985). .

I wanted to explore the use of DEAE-Dextran as pretreatment, during and after
the infection at various concentrations. The testing was done in a human T cell ling,
HUT-78 and in normal T cell lymphoblasts. Based on the previous reports in the
literature, I chdse the 30-minute pretreatment and the highest concentration 1 tested was
25 pg/ml. My results were consistent with the previous findings in terms of toxicity. If
DEAE-Dextran is kept in the culture medium after the infection (>10 pg/ml), cells dic
quickly. At 25 pg/ml it could only be used either as pretreatment, or during the
infection without toxic effects. But in terms of infectivity, I found tﬁat pretreatment
alone with all the concentrations tested did not have any effect. Optimal viral infectivity
was obtained using '10 ng/ml as pretreatment and during the infection. A suboptimal
viral infection was obtained using 25 pg/ml during infection followed by extensive
washing of the cells. I prefer the first option since cells ook healthier in morphology as
seen by microscope both on the IFA slides and in culture when a less toxic concentration
is used. The fast increase in infectivity obtained with the use of DEAE-Dextran, as

mentioned above, was very useful for my particular goals.

ii. Polybrene

The use of this polycation has been reported by a number of investigators in the

infection of cells with HIV-1, For example, it has been used at 2-2.5 pg/ml in the co-

cultivation method to isolate virus from PBMC from seropostive individuals (Castro, ct
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-al., 1988; Sundqvist ct al., 1989), to infect the CEM line at 2 pg/ml as pretreatment for 24
hours (Schmitt et al., 1990) or for 2 hours (Sethi et al., 1988), and to infect a CD4 cell
line, being kept in the culture medium for as long as 3 weeks (Gregersen et al., 1990).
For other immortalized CD4* cell lines like Jurkat, HUT-78 and MOLT-4, it has been
used during the infection at 10. pg/ml (Cann et al,, 1990) or at 1 pg/ml as pretreatment
(Malkowsky ct al., 1988). For CD4+ T cells or pen'pheral blood macrophages it has been
used at 2 pg/ml as pretreatment (Cheng-Mayer et al., 1990). For EBV-immortalized B
cells, it has becn used at 2 pg/ml during infection fTozm etal., 1989)

- In view of the various reported possibilities, I demded to titrate Polybrenc in
. HUT-78 cells and normal T cell blasts. I tested it as pretreatment as well as during and
_afler the infection. I found that Polybrene was less toxic for the cells, as evaluated by
viability and general appearance of the cells in culture and in the IFA slides. This
explains its use in the co-cultivation method for virus isolation which requires several
days in culture. In my experiments, pretreatment alone for 30 min. at 37° C did not
harm the cells, but did not increase the infectivity of the virus either. When it was used
as pretreatment ﬁnd during the infectiqn at 2.5 or 5 pug/ml, infectivity increased by day 7
post- infection in normal T cells. This peak of infection, as determined by the p24
antigen expression, happens 2 days later than when DEAE-Dexlran is used. Inoticed
that in the HUT-78 cells, the use of Polybrene produced bigger and brighter syncytia
formation, but the degree of infection was lower than when DEAE-Dextran was used.
The use of Polybrene is therefore recommended when cells are going to be kept in

culture for several days and when a less acute infection is required.

ii. Tumor Necrosis Factor (TNF).

There are two types of TNF: TNFa (Cachectin) secreted by activated
macrophages and TNFB (lymphotoxin) sécreted by activated lymphocytes. They share
the same receptors which appear on virtually all somatic cells. TNFo has higher affinity



. 88

for the receptor than TNFB. They have pleiotropic activities in vitro and in vivo,
including cytotoxic effects against tumors and virus-infected cells. TNF.is a common
mediator of inflammation and the wasting syndrome (cachexia), which is commonly
observed in chronic infections and neoplastic discase. TNFq has bcén shown 10 cnhance
HIV-1 replication in T cells and in pri_fnary macrophages (Vyakarnam et al., 1990;
Lacoste et al., 1990; Mellors et al., 1991; Folks et al., 1989). The mode of aclion is by
activation of the nuclear factor kB (NFkB), which then stimulates the HIV-1 enhancer at
the long terminal repeat (LTR). This leads to increased virus transcription (Osborn et al.,
1989; Duh et al., 1989). Since HIV-1 infected patients secreic signilicant higher levels of
TNFa. than controls, this autocrine production can increase lranscripiioh of the virus
leading to enhancement of the infection.

It seems that in normal T Iymphocytes, events linked to T-ccli activation, in
addition to the translocation from the cytoplasm of the NFkB, arc necessary for the .
interaction of NFKB with the HIV-1 enhancer (Hazan et al., 1990). This is to be expected
since resting T cells lack specific binding capacity for TNFo. The receplors are induced
upon activation of the T cells. Maximum expression occurs at day 6 and subsequently
declines (Scheurich et al., 1987). This finding correlates well with my finding that
TNFao increased infectivity in'cells that had been infected 6 days after PHA stimulation.
The ti¢ration experiments indicated that 5 ng/ml was the optimal concentration for
normal T cell blasts. I also noticed an increase in infectivity with TNFo on cells that had
been infected in the presence of DEAE-Dextran, but the increase was not significant.
The HUT-78 cell line was relatively insensitive to the effect of TNFo.. In general, I can
say that the effect of TNFa is not noticeable during the first days after infection but
would benefit virus infectivity in cultures that are kept for longer periods.

One of the most important findings was the fact that aclivated CD4+ T |
lymphocytes do uptake the virus immediately. The p24 Ag assay done on lysed cells

right after infection and 24 hours later showed high levels of this antigen, The highest
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- value of p24 Ag cxpression was obtained when DEAE-Dextran was used as prelrcalmeni
and during infection at 10 pg/ml. The use during infection at 25 pg/ml also gave good
results in lerms of p24 Ag levels but I prc_:fer the first option because it is less toxic to the
cells. Polybrene also increased the uptake of the virus, but not as much as DEAE- '
Dextran. This was expcclcdlfrom the results of my previous experiments.

I.n summary, there appeared to be both experiment—to-cxpcrihlent and donor-to-.
donor',\farialion. Despite this biological variation,‘there Was ai consistent pattern within
each experiment, both in HUT-78 and normal T lymphdcytés. Namely, DEAE-Dextran
- at 10 pg/ml as pretreatment and_ during the infection, or at 25 peg/m) during the infeélion, _ |
produéed the highest levels of infection. Polybrene came next with infections peaking on
the average 2 days later and ceils locking healthier in morphology as seen by microscope
‘both in the IFA slides and in culture. The optimal combination for Polybrene was at 2.5
or 5 pg/ml as pretreatment and during the infection. TNF-a took effect later. Its use at 5

ng/ml would benefit infections that have to be kept for weeks.

IV.2.4. CTL Assays with the improved infection protocol of the CD4t T-
lymphocyte.

After completing the experiments with the enhancers of infectivity, the CTL
assays were repeated with HIV-1+ asymptomatic patients' samples. The CD4* T cells
were infected alone or in the presence of DEAE-Dextran (10 or 25 j1g/ml during
infection). The infection was done with newly titrated virus supernatant 3 days after PHA
stimulation of the cells. The infected cells were kept in culture for 24 or 48 hours before
the CTL assay to allow for the expression of the antigen on the surface of the cells, I
established that the virus was internalized after infection but could not determine whether
or not it was expressed on the surface since by IFA, the earliest I had detected the HIV-1
antigens in my previous experiments was day 3 post-infection.I believe that further

studies of the kinetics of virus replication and its expression on the cell surface are
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required. My assumption, based on studics done in antigen processing, is that antigen is
expressed on the surface in 18 to 36 ﬁours even if it is not detected by IFA. For this
reason the CTL experiments \chc done 24 or 48 hours after re-infection of the target
cells. Cytotoxicity assays were performed with a 4 or 6-hour incubation period. Some
rescarchers use an 18-hour incubation period for resislahl target cells like the CD4 T-
lymﬂhoblﬁst and the human macrophzige (Hoffenbach et al., 1989; Chenciner ct al., 1989;
- Plata et al., 1987a). chertheicss, in several of my experiments using the CD4 T-cell as
target, the 18-hour incubation beriod gave me verj high spontancous release (>50% of
Total Release) which invalidatéd the results. The labelling of the CD4 T cells with 5j1Cr
" was not consistent. I cannot explain these differences in the u‘plakc of 51_(31' which were
present ever.i with the uninfected controls. It seems that the probicm lies with the T cel!
regardless of whether it is HIV-1 infected or not, With the 48-hour incubation, aficr the
infection of the cells and before the > -Cr assay, I obtained a low pcrccnmge of
cytotoxicity in some experiments. Nevertheless, from all the evidence so far in my
experiments I believe that the CD4 T-cell is not a very sensitive target 1o detect
spontaneous HIV-1-specific CTL activity in the peripheral blood of paticnts. HIV-1-
specific CTL precursor cells decrease in number or lose their specificity as the infection
progresses toward AIDS. This could explain in part the lack of positive results. Another
possible explanation for the lack of CTL response is the fact that the patients' CD4 T
lymphocytes are re-infected in vitro. The HIV-1 strain used for the infection has been
passaged and selected for growth in an immortalized cell line. The patient's viral strain
and the laboratory strain have differences in the viral T celi epitopes which may not
permit recognition by thé CTL from the patient. It is similar to what happens to the
antigenic variability of B cell antigens in infected individuals. The immunodominant
t.fpitopes induce clonal amplification of certain CTL which prevent or suppress the
differentiation of other CTL that could recognize other epitopes. This explains the

inability of the CTL response to control the spread of the virus. Neveitheless, since I
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was using HIV-1/HXB2, a prototypic laboratory strain whose reactivities may be
different from the most common strain HIV-MN, I decided to use whole vizus for the
inl‘e(:lion ﬁxpccling enough cross-reactive epitopes to activate the CTL response. I
' bclicvc that to obtain a CTL response, this would have to be generated-in vitro bf
culturing the CD8 cells with autologous 1rrad1atcd cells infected wnlh the HIV-1 strain

used in the Laboratory

1V.3. Monocyle!Macrophage as alternative Target Cell for the CTL Assay

| A number of i mvesu,gators (Collman etal,, 1989 “Young and Slcmman 1987;
Massan et al., 1990, Mann ct al.,1990; Koyanagl et al., 1988 and others) have '
- demonstrated lhat the monocylelmacrophage can be infected in vitro with HIV-l The
infection of macrophages does not rcsult in the cytopathic effect that is seen in CD4+ T
lymphocytes. To obtain these cells for a CTL assay, monocyte-enriched populations
(deplcléd of CD8* T lymphocytes) from HIV-1-positive asymptomatic patients are
cultured for 10 to 14 days in the preéence of GranuibcytelMacrophage- Colony
Stimulating Factor (GM-CSF). Without additional in vitro superinfection, these
monocytes will transform into macrophages and get infected by the autologous infected
CD4* T cells present in the culture. HIV-1 spreads by cell-to-cell transmission as well
as by free-infectious virions released in the culture medium. These cells are excellent
targets for the CTL. They uptake the S1Cr totally and with very low spontaneous release
(Young and Steinman, 1987). For the first 7 days in culture, the human macrophage
expresses both MHC I and II molecules. This permits both MHC I and I-restricted CTL

recognition.

In preliminary experiments in our Laboratory using the macrophage as target cell
(see Results), I obtained positive results by culturing the monocytes from PBMC of

asymptomatic patients for 10 days (See materials and methods). These monocytes



transformed to macrophages and were infected in vitro by the infected CD4 T- |

lymphocytes prcscht in the culture medium without the need for HIV-1 re-infection.

This is a different case from the CD4 T lymphocyte used as target which requires re-

infcc_:lion in vitro for the CTL assay thercby being exposed to a different strain of virus.

With the macrophage as target, I was able to detect the CTL activity in an i8-hour 1Cr
release assay. I find these results‘very encouraging. The longer culture period required

| for the macrophage pcnniucd'me at the same time to grow the CD8 T-lymphocytes that |

were used as effector cells. This allows for higher effector to target ratios to be tested.

The macrophage was easicr 10 keep in culture with the addition of Granulocyte-

MacnlophachColony Stimulating Factor. I also found that the 31Cr uptlake was bcuér and

more consistent than with the CD4 T-lymphocyte.

To summarize, the experimental work presented in this thesis shows that in spite
of the optimized infection, the CD4 T cells are not good targets to detect HIV-1-specific
CTL activity in peripheral blood of patients using a CTL assay. This leads us to
speculate about the possible reasons for this resistance of the CD4 T cell to killing under
these conditions. To name a few:

1) CD4 T cells from HIV-1* patients are not equivalent to normal T cells. They are
already activated in vivo as a consequence of the continuous antigenic challenge during
the disease process. I noticed in experiments done to determine the best time of infection
after PHA stimulation, that cells infected 6 days afier the stimulation had a very low
production of p24 Ag. I believe that the CD4 T cells from patients may behave in a
similar way. This slower type of infection is not due to problems with viral binding and
penetration as I was able to prove with the viral entry assays.

" 2) HIV-1 could be inducing abnormalities in antigen processing and/or prescntation,

3) The CD8 effector population could be composed mostly of suppressor cells.
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4) The CD8 cytotoxic cells from the patients may not recognize the laboratory strain of
HIV-wI used for reinfection in vitro due to genetic variability. |
5) A lack of sﬁontancous circula.tirllg HIV-1-specific CTLs in the peripheral blood of
these patients.
6) The CD4 T cells infected with the virus and labelled with 51Cr may become resistant
o killing in this type of assay. | | |

Th_c‘ search should continue for ithc proper target as well as for the iniﬁlcmentalion
of the asshy to study' the natural history of the HIV-1-specific CT.L response in cohorts of

patients.
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