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ABSTRACT 

Insulin and IGF-I, primarily considered to be melabolk .md growth 

modulatory hormones, were found to iIù1ibit HIV-l replication in dl' 1101'0 

infected CBMC and chronically infected U937 cells 111 7'itro. 'l'Il(' l'H(\cl of 

IGF-I was seen at physiologieal concentr~ltions or lowPf (1.3 x 10 III M) 

while thal of insulin was observed at supraphysiological concentrations (8 

x 10-7 M). The EC50 for IGF-I was found to be 2.5 to 4.5 x 10 '1 M and Hw 

EC50 for insu lin was found to he 1.1 to 1.3 x 10-6 M. The insulin <lnd IGF-I 

concentrations employed in these experinlt'nts wpre not toxÏc 10 tl1<.' ('(l1!s 

and did noi inhibit the activity of puritied reverse tral1SrriptdsP clCtivity 111 

vitro. In contrast to insulin and IGF-I, EGF (lO-Hl 10 10 HM) did Ilot inhihit 

HIV-l replication in de 1107'0 infected CBMC. These i"psults suggl'sl th<1t 

IGF-I under ~ertain conditions has significant inhibitol'Y ('[(pcls on 1 IlV-I 

replication at physiological concentrations. This may prove lu be of 

therapeutic value for people infected with HIV-l . 
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RÉSUMÉ 

On a constaté que l'insuline et l'IGP-I, qui sont surtout considérées 

comme df~S hormones modulatories du métabolisme et de la croissance, 

inhibent la réplication du VIH-I dans des cellules Inononucléares de sang 

cordonal (CMSC) infectées de Hova et des cellules U937 infectées 

('hromqupmpnl 111 vitro. L'effet de l'ICF-I a été observé à des 

concentrations physiologiques ou à des concentrations plus faihles (1,33 x 

10-1'1 M), tandis gue celui de l'insuline a été observé à des concentrations 

supraphysiologigues (8 x 10-7 M). La CE50 de l'IGF-I était de 2,5 à 4,5 x 10-9 

M; la CEso de l'insuline était de 1,1 à 1,3 x 10-6 M. Les concentrations 

d'insuHtw Pl d'IGF-I utilisées dans ces expériences n'ont produit aucun 

('ffet loxÏ<-{ue sur I(>s cellules {~t n'ont pas inhibé l'activité de la tl'anscriptase 

invprse purifée ill vitro. Contrairement à l'insulinl2 et à l'IGF-I, l'EGF (10-10 

il 10-8 M) n'a pas inhibé la réplication de l'VIH-l dans des Clv1SC infectées 

de llOvo. Ces résultats semblent mdiguer que, dans certaines conditions, 

l'IGF-1 prpsenlp un pffpt inhibiloire impotcmt sur la réphcation de l'VIH, à 

d('S conc('nh'alion physiologiques. Ces observations pourraient présenter 

une utilite thérapeutique pour les persolmes infectées par l'VIH-l. 
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INTRODUCTION 

1. THE ACQUIRED Il\1l\1UNODEFICIENY SYNDROME (AIDS) 

1.1 History 

The acquired immunodeficiency syndrotnl' (AIDS) W .. 1S tirsl 

recognized as new c1i:nical disedse in North Ampnca in 1(.)H 1 (Goulit'h cl tll., 

1981, Mdsur et al., 1981 and Seigal et al., 1981). The first rases of AlOS WPI't' 

recognized because of an unusual OCCU1'1'f'ncl' of disPélSPS such dS "-llposi' s 

sare'orna élnd P1lCll1ll0CYStis cari1lli in y()un!~ ht'allhy hnmoPPxudl mpn. AIDS 

cases were soon reported in other populdhons indudin~~ inll'llVpnOUs drug 

users (Centers for DISeaSE' ContTol, 1982), hemophiliacs (Ddvis ct al., 19H1), 

blood h'ansfusl0n recipients (Curran d Ill., 1984), adllits (rom Ct'nlrd) 

Africa (Clutneck et al., 198~), and habips hol'l1 lo molhf'rs with J\ IDS 

(Rubinstein et al., 1983). It became appdt't'nl tl1dt lhis npw disPdS(' WdS 

caused hy an unknown infectious agent 1hal could lw trdnsmiUpd hy 

blood, blood products, from lTIother ta child ;11 utcro, as wPlI as spmpl1 and 

other body fluids. 

In 1980, Gallo and his colleagues discoverpd thp firs1 human 

retrovirus associated with disease (PoipoZ et al., 1980). This npw rplrovirus 

infects T-helper lymphocytes and was nalTIf>d human T-Iympholropll' virus 

type 1 (HTLV-I). Sitnilarities Hi tTansmission and imm uno"iuppn'sslon 

between AIDS and HTLV-I infection lf'd somp sllPntlsls ln posluldl!' lha1 a 

new retrovirus could he causing AlOS. SUhS('L)UPlüly, Hl 14H1, thn'(' 

groups of researchers independpntly 180la1pd d T-Iymphotropil rt'lrovirus 

from patients al risk of developing AlOS. Thp virusps w('rp numpd 

Lyphdenopathy-associated virus (LAV) (Barre-Sinou8si Pl aL, 19H~), 
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HTLV-lli (Popovic et al., 1984), and AIDS related virus (ARV) (Levy et al., 

1984). The isolates have been shown to be the same virus and now are 

collectively ca lIed the human immunodeficiency virus type 1, or HIV-l. 

Now, 13 years since the first reported cases of AIDS, 10 yeaTs since 

the isolation of HJV-1, current estimates of world wide infection range 

between 13 million and 19.5 million people (Greene, 1993 and Jasny, 1993). 

Eslimates of infection for the year 2000 range between 40 million and 110 

million (Greene, 1993 and Jasny, 1993). The Many research efforts in the 

last decade have led to the identification of HIV-1, the understanding of 

ils life cycle and molecular structure, and the development of novel 

treatment strategies. As a result, HIV-1 is now understood more fully than 

any other retrovirus, however, with the rapid spread of infection, and the 

lack of a vaccine or satisfactory treatment, this disease remains a severe 

threat to human health world wide. 

1.2 HIV -1 Oassmcation 

The first retrovirus to be discovered, the Rous sarcoma virus (RSV), 

was desrribed in 1911 as a filterable agent that caused sarcomas in 

chickens (reviewed in Cullen et al., 1993). Sorne years later a major 

hreakthrough led to the identification of a unique enzyme, reverse 

transcriptase (RT), that allowed the virus to transcribe RNA into DNA and 

than incorpora te into the host cell genome (Temin and Mizutani, 1970, 

Baltitnore, 1970). This discovery provided unique insight into the 

retroviral lue cycle and within one year the first human retrovirus, the 

human foamy virus (HFV) was isolated (Achong et al., 1971). Now 

numerous retrovi'.'uses have been identified and they are divided into 
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three subgroups: Oncovirinae, includes aIl oncogenic retroviruses and 

dosely related non-oncogenic viruses; Lentivirinae, indudt's LIU' "slow" 

vit'uses such as the visna-maedi virus, caprine arthritis encephalilis virus 

(CAEV), equine infectious virus (ElA V) and HI V; Spumavirinap, indudps 

the foamy viruses that induce persistent infections withoul dinkal dist'ast' 

(Teich, 1984). Like HIV-1, visna virus, CAEV and ElA V cal/st' slow 

progressive wasting disorders that are often fatal (Narayan and Cork, 1985, 

Cheevers and McGuire, 1985). Sequence similarity and protpin cross­

reactivity have shown that HIV-1 is also closely related to Lhl' primall' 

simian immunodeficiency virus (SIV) (Kanki et al., 1985). One stnlin, 

SIVmac is known to cause a form of AIDS in captive macaqups, wlwTt, 

other strains indu ding SIVsm and SIVagm are nonpathogenic lo lheir 

hosts, the sooty manabey and African green monkey respt'ctively (FullY. ct 

al., 1986, Daniel et al., 1985, Letvin et aL., 1985). Another human T-cpll 

lymphotropic retrovirus that shares sequence homology and serologie 

reactivity with HIV·1 was isolated from west Africans and is known as 

HIV-2. HIV-2 causes immunodefidency and a dinical syndrome whkh is 

similar to AIDS though less pathogenic. (Clavel et al., 1986, 1987, Brun­

Vezinet et al., 1987). 

1.3 HIV-1 Shucture and Genome 

High resolution microscopy has shown the HIV-1 virion to bp 

spherical and 100 nm in diameter (figure 1). The outer coat consists of a 

bilayer of lipid molecules derived from the membranes of hum an host 

cells. Studding the coat are 72 spikes. Each spike is a glycoprolein madE' 

up of 2 components: gp120, the extracellular portion of the glycoprotein 
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Figure 1: The HIV-l Virion 

Schematic representation of the HIV -1 virion including: the extemal 

envelope glycoproteins, gp120 and gp141, the nucleocapsid 

proteins, p24 and p18, the RNA genome and associated reverse 

transcriptase. (Modified from Connor and Ho, 1992) . 
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that is believed to play a crucial role in binding HIV-1 to target cells; and 

gp41, the transmembrane portion of the glycoprotein which is involved in 

viral fusion. Underneath the outer coat is a layer of matrix proteins (p17) 

that associa tes with the inner surface of the lipid bilayer and possibly acts 

to stabilb.e the interior and exterior components of the virion (Greene, 

1991). The nudeocapsid appears as a hollow truncated cone formed from 

an assembly of p24 proteins. This cone contains the two strands of viral 

RN A associated with several viral enzymes inc1uding RT, integrase, and 

protease. ln addition the p7 protein binds directly to the viral RNA 

through a zinc finger motif and together with protein p9 forms the 

nuc1eoid core (Greene, 1991).. 

The HIV-1 genome is 9.7 kb in length (Hahn et al., 1984). Molecular 

doning and sequencing of HIV-1 has revealed that along with the 

conventional retroviral genes, gag, pol, and env, it encodes at least another 

eighL The genes encoded by HIV-1 have been c1assified as: the structural 

genes, gag, pol, and env; the regulatory genes, tat, rev, and nef; and the 

accessory genes, vif, vpr, vpu, vpt and tev/tnv (figure 2). The HIV-1 genome 

displays unprecedented economy in its co ding potential as is evident from 

the presence of nine overlapping genes (Vaishnav and Wong-Staal, 1991). 

The structural genes encode the viruses core proteins, glycoproteins 

and enzymes. The gag region encodes the matrix protein p17, capsid 

protein p24 and the nuc1eocapsid proteins p7 and p9. The pol region 

encodes RT p66/p51, protease plO and integrase p32. The env region 

pncodes the extracellular gp120 and transmembrane gp41 glycoproteins. 

The regulatory genes play an important role in gene expression. 

Both tat and rev are known to enhance viral replication. The tat gene 
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Figme 2: Genomic Slntdure of HIV-l 

This is a schema tic representation showing each of the nint:> known 

genes of HIV -1 and notes their primary functlon. Thp L TR 

sequences, the RRE and the TAR are also indicated (Adaplt'd from 

Greene, 1993). 
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product acts through a cis-acting sequence called the trdllsactivation 

responsive element (T AR) and the rev gene product acts through a cis­

acting sequence known as the rev-responsive element (RRE) (Sodroski l'f 

al., 1986, Rice and Mathews, 1988, Ols en et al., 1990). The third regulatory 

gene of HIV-1 is called nef, or negative factor. As the nanU' implies, "(:f 
acts to down regulate viral replication, and this action is thought to he 

mediated through the interaction with a specifie sequence known as the 

negative regulatory element (NRE) (Ahmad and Venkatesdn, 1988). 

Unlike tat and rev, nef does not interaet with viral RNA and is not required 

for viral replication (Terwilliger et al., 1986). 

The HIV -1 genome contains numerous accessory genes which 

encode proteins that are involved in many different aspects of the virallife 

cycle. One common characteristie of the accessory genes is that they dre 

highly conserved in natural isolates but may become defective when 

extensively passaged in tissue culture. Therefore the products of these 

genes are probably dispensable and selected against during hl vitro growth 

(Vaishnav and Wong-Staal, 1991). The vif (virion intectivity factor) gene 

product increases viral infectivity and is thought ta work at the level of 

cell-free virus transmission but the mode of action is not understood 

(Fisher et al., 1987). The vpu (viral protein U) gene product fadlitates 

assembly and release of viral particles, but the precise mode of action is 

not known (Strebel et al., 1988). The vpr (viral protein R) gene product 

accelerates the rate of viral protein production. Il is thought to aet by 

stimulating expression of reporter genes (Cohen et al., 1990). The vpt (viral 

protein T) gene product is a fusion protein and its function is still 

unknown (Sonigo et al., 1985). The tllV (tat-rev-env fusion protein) gene 
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product is a protein that is formed by a complex splicing event involving 

tat, rpv and env, and has been shown to have tat and rev activities (Salfeld 

et al., 1990). 

The HIV -1 genome has 5' and 3' ends flanked by regions called the 

long terminal repeats (LTR) (Starcich et al., 1984). These flanking regions 

eontain rpgulatory sequences that are recognized by .. '. rai and host 

transcriptional factors. Reverse transcripti0 ,'1 is primed by a cellular tRNA 

lysinE' hybridized with specifie sequences in the 5' LTR and proceeds 

lowards the 5' end of the viral RNA. Two separate and consecutive strand 

trans[er events must take place to completely form a double stranded 

DNA replica of the original genome (Panganiban and Fiore, 1988). 

1.4 HIV-1 Replication Cycle 

The first step in the initiation of infection is the binding of a virus 

partidp to a specifie target ceIl surface receptor (figure 3). In the case of 

HIV-l, the carboxy terminal region of gp120 binds with the CD4 receptor 

found on immune system cell membranes. Transmembrane gp41 mediates 

fusion between the viral envelope and the host cell membranes (Gallaher, 

1987). Following bindh'1g and înternalization, the viral reverse 

transcriptase works to transcribe viraJ RNA into RNA/DNA hybrids, and 

then into double stranded linear DNA molecules. This newly formed HIV-

1 DNA (proviral DNA) is translocated to the nucleus where it is 

inlegratpd into the host cellular DNA hy the endonuclease activity of the 

viral integrase (Brown ct al., 1987). Once the provirus is integrated into the 

host DNA, it behaves like a cellular gene and will duplicate with each 

replication cycle of the celI. Upon cellular activation there is an induction 
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Figure 3: The HIV-l Replication Cycle 

This is a schematic representation of the stages of tlU' HIV-l Hfp 

cycle. The stages include: binding of virus to specific CD4 rpcpptors 

at the cell membrane, uncoating of viral RN A, convf'rling RN A into 

DNA by the actions of reverse transcriptase, integralion of viral 

DN A into host DN A, production of viral RN A and prolpins, viral 

assembly and release (Adapted from Wainberg and Margolesp, 

1992). 
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of a number of host transcriptional factors that bind to r~cognition sites 

within the HIV-1 enhancer element .. resulting in the initicltioll of viral 

replication (Gowda et al., 1989). Following translation, viral proteins dre 

subject to post translational processing including proteolytic cll'dvdg(', 

glycosylation, myristilation and phosphorylation. R('lrovircll clsst"\mbly is 

unique in that products of gag and pol are incorporated intn virions in the 

form of their polyprotein precursors and t11en dre proteolytical1y d('dV('d 

during or after budding to form mature particles. Assembly of the virion 

core which is composed of HIV-1 RNA, modified viral proteins dnd 

enzynles takes place at the plasma nlembrane. Mature virions afe forml'd 

by budding through the ceH membrane during which time Hwy clCquire cUl 

outer lipid bilayer containing the extenlal and tfclllsmelnbrcuw C'llvelopl' 

glycoproteins (Greene, 1991) . 

1.5 Cell Susceptibility and Immunopathogenesis 

HIV-l has strong tropism for cens bearing the CD4 antigen, and it 

has been demonstrated that CD4 is the specifie receptor for the virus 

(Klatzman et al., 1984). CD4 is commonly found on T-ceUs, Epstein-Beur 

virm, (EBV)-transformed B-cells, dendritie cells and cells of the 

monocyte/macrophage lineage, thus ma king these celIs susceptible to 

HIV-l infection. (Gartner et al., 1986 Monroe et al., 1988). Monocytes 

appear to be able to harbour the infection for long periods of timp dnd dre 

thus thought to serve as a viral rf'servoir sprf'dding infection by ceIl-to-ccll 

contact (Roy and Wainberg ] 988). In addition, infecled monocytes ('an 

pass through the blood-brain barrier into the brain, where they are thought 

to play a role in HIV -associated neuropathogenesis (Priee ei al., 1988) . 
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The major basis for immunopathogenesis of HIV-1 infection is 

believed to be the dysfunction or depletion of CD4 expressing T­

lymphocytes. A reduction in the number of CD4+ T-cells is known ta 

result in numerous biological changes including a reduction of cytokines 

sf>crptt-.d hy CD4+ T-cells, (Rook et al., 1983) a 10ss of antigen specifie 

responsps (Faud et al., 1985), an impaired ability to induce 

immunoglobulin secretion from B-cells (Lane et al., 1983), defective 

pxpression of interleukin (IL)-2 receptors, and a decrease of HLA-resticted 

cytoloxÎc T-cell responses (Rosenberg and Fauci, 1989). In faet, there has 

heen a direct correlation between the increase in viral burden with the 

df'l'reasE' of CD4+ T-cells and thf' development of AIDS (Schnittman et al., 

1990). Although only ff'w circulating CD4+ T-cells are thought to be 

infeci.ed at any on(1 time (less than 0.1 % during the asymtomatic stages ta 

1 % wilh symtomatic AIDS (Ho et al., 1989)) evidence suggests destTuction 

of thpse l'eUs is one of the major causes of immune system failure in AIDS. 

Severallnechanisms for CD4+ T-cell depletion and dysfunction have 

been proposed. 

1. Single l'ell killing is believed ta result from the accumulation of 

unintegralf'd DNA or from the inhibition of cellular protein synthe sis after 

HIV-1 infection (Carry, 1989). 

2. Syncitia forma lion involves the fusion of ('ell membranes of uninfected 

l'eUs with the cpll membrane of an infectcd cell resulting in the formation 

of giant, non-functional multinucleated ceUs (Lifson et al., 1986). Syncitia 

formation has heen demonstrated in vitro and has been associated with the 

l'y topa thici t y of the virus. However, syndtia has rarely been seen in vivo, 



• 

• 

• 

but it is thought to occur in the lymph nodes whet'p HIV-l hurdpll is LIll' 

heaviest (Pantaleo et al., 1991). 

3. HIV-1-specific immune responses oecur wlwn virus-inft'dt'd l'l'Ils 

expressing viral antigen are killed by cyloloxic T-lymphocyh's (C"L). 

However, uninfected T-cells thal an:' hound 10 soluhlt' gp 120 vir,ll ,lt1ligl'll 

may mistakenJy become largPls of sensil1zf'd CfL (Gt.'rm'1111 t'f Ill., Il)HH). 

4. The CD4 molecule is invalvpd in anligpn-sppl'Îftl' rpspllnM.'s dS li hgdnd 

to the class II major hislocompahhllily (MHC) I,:ornpll'>". Inhthilnrs ni 

antigen specifie l'Psponses could OCClU if HIV-l mIPdion n'sltllt'd 111 

alterations of CD4 expression. In fad, HIV-1-mdun'd down rq~ul,ltioll of 

CD4 expression in T-eells and monocytes has hpE:'1l ohst'I'v(·d 111 I111m (Folks 

et al., 1985, Geleziu.."1as d al., 1991). h1 addition lo lhlS, il has lWPIl showll 

that in vitro exposure of CD4+ T-cells 10 HIV-l pl'Ol('ins J"('sulls III 

suppression of œIl function, presumably by inhibiling nomhll n'lI 

signalling pathways (Ruegg et al., 1990, Cefai et al., 1990, Hofmann ct al., 

1990). 

5. HIV-1 is not thought ta replicate in quiesn'nt T-cdIs, hul following 

cellular activation there is a massive bursl of viral gPlw üctlvation lh"l 

results in cytopathology and cell death (Zagury et al., 1980, ZUd1 cl al., 

1990). Recently, Cameron et al. (1992) showpù lhul p('nph~'ml blond 

antigen presenting dendritic cells providp cl minopnvironmpnl suilahlp (or 

massive high-level T-cell activation coupll'd with ll'll1~,mission of HIV-l 

infection. Continuous activation-induceJ cpll death may conlrihutp lo lhp 

progressive 105s of CD4+ T cells. 

6. Considerable attention has been given to th(' posslh1ltty that il 

superantigen may play an important l'ole in the immunopathog(~n('sis of 
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HIV -1. Superantigens have been shown to bind to the variable region of 

the J3-chain of T-ceU antigen receptors causing massive stimulation and 

expansion of the T -cells bearing this specifie p-chain. The result is a 

deletion or anergy of this subset of T-ceUs. In HIV-1 infection, rather than 

causing deletion of T-cell subgroups, superantigens may serve as potent 

activa tors of T-cells rendering them more susceptible to infection (Imberti 

et al., 1991, Laurence et al., 1992). 

7. Programmed cpU death or apoptosis is a normal mechanism of cell 

death that was originall) described in the context of the response of 

immature lymphocytes to cellular activation (Duvall and WylieJ 1986). It 

is a mechanism used by the body to eliminate autoreactive clones of T­

ceUs. Apoptosis in relation to HIV-1 infection has rec:eived a great deal of 

attention in the la st few years. It is thought that the cross linking CD4 

molecules with HIV-1 gp120 or gp120-anti-gp120 immune complexes 

primes ceUs for the programmed death that occurs when a MHC c1ass II 

molecule in C'omplex with an antigen binds to the T-cell antigen receptor 

(Ameisen and Capron, 1991). 

It is unlikely that any one of the above mentioned mechanisms is 

solely responsible for the depletion of CD4+ T-cells, rather they most likely 

work in concert to produce the severe immune system dysfunction 

associated with HIV -1 infection. 

1.6 Clinical Aspects of HIV -1 Infection 

The process of infection can be divided into three phases; initial 

infection, asymptomatic or latent phase, and symtomatic phase or AIDS. 

Initial infection with HIV -1 is associated with mild flu-like symptoms such 
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as fever or muscle aches that last for a few weeks (Gaines et al., 1988). A 

large amount of virus is present in the hloodstream and Hw immunp 

system mounts an attack on infected eeUs and eirculating virus. This 

phase lasts for oruy a few weeks and ends with seroconversion and tlll' 

establishment of chronie verimia. ThE' next phase, asymptomatk or ldtt'nl 

phase can last as long as a deeade. New evidenee eoneerning tht' sldtf' of 

viral replication in tbis phase suggests that il may have heen misnaml'd. 

Although levels ofHIV-1 in the hloodstream are low, suggpsting HuIt' viral 

replication, it is now known that during this phase there is il sll'ady 

production of virus and it occurs primarily in the lymph nodes (Panldlpo ct 

al., 1991). It is not UJ\til the end of this phase that then~ is a risp in 

circulating viral particles. This is partly thought to he atb'ihutpd to tlll' 

break down of the lymph nodes which results in a release of virus inlo Hl(' 

circulation. Occurring wilh the steady increase of virus is il slow dl'plt>Lion 

of CD4+ T-cells which ultimately results in a severe suppression of mosl 

aspects of cell-mediated immunity (Fauci, 1988). In eomparison to Lhl' Ialp 

stage of tbis disease, the asymptomatie phase is relatively symptom frpl', 

however, minor symptoms such as diarrhea and night sweaLs pPfsisl. A 

progressive pattern of opportunistic infections drives the dispasp into ils 

last stage where further infections, malignancies, AIDS-related dpmpnlia, 

and wasting eventually prove to be fatal. 

Interestingly, in the late 1970's a disease in Uganda, local1y known 

as "Slim Disease" because of associated chronic wasting, was tht> first 

documented encounter with AIDS (Serwadda et al., 1985), Although thE' 

initial presentation of AIDS in North America was associatf:'d wilh 

Kaposi' s sarcoma and pneumonia, now both chronlc diarrhea and wpight 
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loss are added to the AIDS case definition (Wor1d Health Organization, 

1986, Centers for Disease Control, 1987). It is widely accepted that wasting 

and diarrhea will eventually occur during the course of AIDS. In many, 

deaths seem to be determined by the individuals nutritional status rather 

than by any particular opportunistic infection (Keusch and Thea, 1993). 

Therefore it is not surprising that there has been considerable interest in 

nutrition associated with AIDS. It is c1ear that strategies directed at 

maximizing nutrition and minimizing 108s of lean body rnass are 

important factors in fighting the disease process. 

2. INSULIN AND INSULIN-LIKE GROWTH FACTOR-I 

2.1 Insulin 

In humans and most other vertebrates, insulin is the primary 

hormone involved in the control of blood glucose. lnsulin acts by 

stimulating glucose influx and metabolism in muscle and adipocytes and 

hy inhibiting gluconeogene8is by the liver. Sorne of the metabolic actions 

of illSUlin include glycogen, fat and protein synthesis and breakdown, as 

well as nu trient uptake, DNA synthe sis, cen growth and differentiation. In 

addition insulin modifies the expression or activity of a variety of enzymes 

and transport "ystems in nearly an cells (reviewed in Cohen, 1993).lnsulin 

is secreted from p-cells located in the islands of Langerhans of the 

pancreas and there is supporting evidence which suggests that insulin can 

he synthesized in the lung, intestine and central nervous system (Shuldiner 

et al., 1991) . 
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Ruman insulin is synthesized as a high molecular weight peptidp 

(preproinsulin), processed as an intennediary precursor (proinsulin) and 

then cleaved to fOTm a mature insulin molecule. Human insulin hdS a 

molecular weight of approximately 6000 Da and consists of two dldins 

held together by two sulfhydryl bonds (figure 4). The A-chain consists of 

21 amino acids and is responsible for the differencps in amino acid 

composition observed between species. Amino acid 1 of the A-chain is 

directIy involved in receptor binding and in maintaining insu lin stTltcturt.' 

(Blundell, 1979). The B-chain consists of 30 amino acids and pxpprimenls 

have shown that amino acids 24 to 26 are important in receptor bindin~; 

(Steiner et al., 1990). 

2.2 The Insulin Receptor 

Despite the numerous biological actions insulin takes part in, ail 

these actions are thought to be mediated through a singl(~ rpcpplor. TIll' 

insulin receptor is an in1egral plasma membrane glycoprotpin consisting of 

four subunits: two a-subunits are linked by disulfide bonds 10 two r~­

subunits (figure 5) (Jacobs el al., 1980). Bath subunits are syn1hpsi7.pd from 

a single proreceptor which is cleaved and processed prioT 10 insertion into 

the plasma membrane. The a-subunits are located on the outsidp of thp 

cell and contain the insulin binding domain. The ('xtracellular part of th(' 

J3-subunit is bound to the a-subunit by disulfide bonds. The inlTacplIular 

portion of the p-subunit contains a juxtamembrane region «('sspnt1al for 

signal transmission), a kinase or regulatory domain which cantains an ATP 

binding site, and aC-terminal domain, a11 of which havp 1yrosim' 

autophosphorylation sites (Carpentier, 1993). The insulin receptor is 
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Figure 4: Slruchtres of Human IGF-I and Human Insulin 

This is a schematic representation of the structures of human IGF-I 

and human insulin showing the A, B, C, and D chains of IGF-I and 

the A and B chains of insulin. The arrtino acid composition of the 

hormones as weIl as the internal disulfide bonds are also indicated 

(Adapted from Slieker et al., 1993) . 
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Figure 5: Human Insulin and IGF-I Receptors 

The models of the human insulin and IGF-I receptors show the 

various functional domains of the molecules including: hormone 

binding domains, transmembrane domains, tyrosine kinase 

domains, and the phosphorylation sites. The receptor a and J3 chams 

are joined by disulfide bonds as indicated (Adapted from Pessin, 

1993) . 

30 
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present in most vertebrate tissues and can range in concentrations from 40 

receptors on circulating erythrocytes to greater than 200 000 in adipocytes 

and hepatocytes (White and Kahn, 1994). 

2.3 Insulin Signalling 

Once insulin binds to its receptor numerous cellular events are 

known to occur. Determining how insulin transmits its signal to the cell 

has been an area of extensive research. One madel of insulin signal 

tTansmission is the autophasphorylation of tyrosine residues that cause a 

conformational change in the P-subunit of the receptor facilitating the 

interaction of the recf'ptor with cellular elements responsible for 

downstream signalling (White and Kahn, 1994). Many of these elements 

are substrate tyrosine kinases that act as second messengers used in 

numerous signalling cascades. T'rus model is attractive because it is used 

by the growth factor receptors of epidermal growth factor (EGF) and 

platelet derived growth factor (PDGF), bath of which interact with 

phopholipase C-y, p21ras-GAP and growth factor receptor-bound protein 

(GRB) -2jSem-5. The exact downstream elements responsible for the 

pieotropic insulin responses remains to he disclosed. 

A second modf'l has earned increased attention in the last few years. 

It involves the phosphorylation of a cell substrate ta the insulin receptor. 

After insu lin stimulation the receptor was shown to immunoprecipitate 

with a protein that contains numerous threoninej serine and tyrosine 

phosphorylation sites. This protein, now called insulin receptoT substrate-

1 (1RS-1) is known ta con ta in threoninejserine phosphorylation sites with 

homology to casein kinase II, protein kinase C, the microtuhule associated 
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protein (MAP) kinases, edc2, and cAMP and eGMP-dependent protein 

kinase phosphorylation sites (Defronzo et '11., 1992). 1RS-1 is alsa Ul()llght 

to be linked to Sre homology (SH)-2 containing proteins induding SH-2-

eontaining protein tyrosine phosphatase-2 (SH-PTP-2) and GRB-2jStlm-5 

(Kuhne et al., 1993, Skolnik et al., 1993). Tyrosine phosphorylaLt>d, IRS-l is 

also known to stimulate phosphatidylinositol (PI) - 3' kinasp via llu~ pR5<l 

subunit which possesses two SH-2 domains (Meyprs ct al., 19(2). In 

addition, it has been shown that over expression of IRS-1 enhann's insulin 

mitogenesis, and insulin receptors that are mutatpd in the juxtamprnhnuw 

region are incapable of inducing lRS-1 phosphol'ylation (Sun et al., 1992, 

Baeker at al., 1991). 

The IRS-1 has been shawn to be an in vivo substraLe for hoLh Lhl' 

insulin and IGF-I reeeptors, but not the EGF, PDGF, and colony 

stimulating factor (CSF)-l receptors (Myers and White, 1993). Unlikp tht' 

EGF apd PDGF receptors, the insulin reeeptor does not din1ctly associait' 

with SH-2 containing proteins. Therefore the IRS-l proves Lo hl' an 

important 1ink ta many cellular substrate kinases and il can servl' as a 

"docking port" for many unique cellular signalling pathways thal l'an he 

mediated by insulin. 

2.4 The Insulin-Like Growth Factors (IGF) 

Other hormones that are associated with insulin and play a crucial 

role in cell signalling are the family of polypeptide insulin-likp growlh 

factors (IGF). These growth factors contain structures whosp amino add 

sequences or primary structures contain significant homology to insulin. 

The best eharacterized members include IGF-I and II. Both IGF 1 and II aw 
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circulating polypeptides which have profound effeds on the proliferation 

and düferentiation of a wide range of cell types. They are capable of 

exerting insulin-like metabolic effects. Unlike insulin, they are produced 

by most tissues in the body and are abundant in circulation (Cohick and 

Clemmons, 1993). IGF-II is synthesized more pronlinently during fetaI 

development, whereas IGF-I synthesis persists at high leve]s in a wide 

range of adult tissues (Bennett and Schultz, 1993). IGF-I shares similarity 

to insulin in structure, receptor type, and, signal transduction mechanism 

and action. 

2.5 IGF-I and the IGF-I Receptor 

IGF-I was previously known as somatomedin-C because of the 

ability to stimulate skeletal cartilage and bone growth, as well as to 

increase organ size and body weight (Guler et al., 1988, Isaksson et al., 

1987). Pituitary-derived growth hormone (GH) causes the release of IGF-I 

from the liver which can ad in an ~ndocrine manner by circulating to 

target tissues. IGF-I can also be produced locally within target tissues and 

in this way acts in an autocrine and paracrine manner. 

IGF-I is a single chain polypeptide of 70 amino acids and has a 

molecular weight of 7649 Da. The A and B-chains of IGF-I are similar to 

the insulin A and B-chains (figure 4). In addition IGF-I has a C-chain that 

is representative of the polypeptide chain found in proinsulin, and a 0-

chain not found in insu lin molecules. 

hl parallel with the structural homologies between IGF-I and insulin, 

the structure of their receptors is also higlùy homologous and they are 

believed to be derived from the same primordial gene (Ullrich et al., 1986) . 



• 

• 

• 

35 

The IGF-I receptor consists of a heterotelTameric arrangement of twu a­

subunits linked by disulfide bonds to two p-subunits (figure 5). TIll' (X­

subunits are extracellular and contain the IGF-I hinding dOlndins. TIll' r\­
subunits span the cell membrane and their cytoplasmic dOlndins posspss 

intrinsic tyrosine kinase activity (Ullrich et al., 1986). Ligand binding 10 tlw 

a-subunits stimulates protein kinase activity whkh Il'dds lo 

phosphorylation of the ~-suhunit as well as lh,,"' phosphorylalion of Llw 

cytoplasmic components of the receptor-spedfk sig11alling palhwdys. 

Despite the structural similarities, the IGF-I l'eceplor f'xhihils an affinily fnr 

IGF-I that is about one hundred times higher than lhal for insulin. 

Similarly, the affinily of thE' insulin receptol' for insu1in is one hundred fnld 

greater than for IGF-I (Czech, 1989) . 

2.6 IGF-I Binding Proieins 

In contra st to most otheî peptide hormones, the IGF family app('ars 

in circulation bound reversibly and with high affinity 10 carripr prolpins 

called the insulin-like growth factor binding proteins (IGFBP). Six himHng 

proteins have been identified and df'signated IGFBP-l through 6. Tht' 

major site of production of the hinding proteins is the livpr and t1wir 

circulating levels are regulated by GH. The exact role of thl' hinding 

proteins is not clear but they have been shown to both inhihil and 

potentiate the metabolic and mitogenic effects of lGF at the cpllular Ipvt'l 

(Baxter and Martin, 1989, Conover et al., 1990). It has hppn sup,gpstpd th"l 

the binding pro teins can increase the circulating hdIf lifp of IGF-I from 

thirty minutes in ils free state to several hours (Culer ct al., 19H9). ft has 
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been shown that IGFBP-3 binds over 95% of circulating IGF-I and increases 

its half life by ten to fifteen hours (Chick and Clemmons, 1993). 

2.7 IGF-I Actions and Clinical Applications 

The ln vitro effects of IGF-I include the stimulation of DNA, RNA 

and protein synthesis, the uptake of glucose and amino acids, and the 

promotion of cell differentiation (Cohick and Clenunons, 1993). There has 

been increasing information on the in vivo biological effects of IGF-1. For 

instance, IGF-I treatment of GH,deficient rats results in body weight gain, 

longitudinal bone growth, increase in kidney, spleen and thymus weights 

(Glasscock ei al., 1992, Lemmey et al., 1991, Martin et al., 1991). There is 

also increasing evidence that links IGF-I action through GH to the immune 

system. Mice with GH deficiency are known ta have impaired immune 

systems associated with thymic atrophy, immunodeficiency and tissue 

wasting (Fahris et al., 1971). Administenng exogenous GH to these rats 

results jn T-cell proliferation in the thymus and alters the activity of T­

celIs, B-cells, natural killer cells and macrophages (Timsit et al., 1992, 

Kelley 1989). It is thought that the GH actions on the immune system are 

mediated by local induction of IGF-I (Tapson et al., 1988, Stuart et al., 1991). 

In fact, it has been shown that nanomolar concentration of IGF-I can 

promote growth in lymphocytes and be chemotactic for resting and 

activated T,celIs (Schirnpff et al., 1983). AIso, IGF-I has been reported to 

enhance the maturation of rnorphologically recognizable granulocytic and 

erythroid proeenitors in suspension cultures of marrow cells (Merchav et 

al., 1988). III vivo, infusion of IGF-I increases thymus and spleen weights in 

hypophysectonlized rats and dwarf rats, as weIl as induce repopulation of 
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the atrophied thymus in diahetic rats (Guler et al., 1988, Binz et Ill., 1990) . 

Short term administration of recombinant human (rh) IGF-I to adu1t 

normal nuce causes an increase in CD4 T -ceil and B-cell nunlber as weil as 

enhances immunoglobulin synthesis (Clark et al., 1993). 

In addition to the many in vivo and ;11 vitro actions of IGF-I, it has 

proven to he a useful diagnostic too1. For instance it has been shown that 

IGF-I is decreased in malnutrition and il has been shown to be d good 

biological marker of enrl(i(rine disorders (Clemmons et al., 1992). Rec('ntly 

rhIGF-I has been shown to have therapeutic potential and has l1('('n uspd in 

several clinical studies. Possible therapeutic benefits have been sugg('stC'd: 

enhancement of wound healing by the activation of wound nlcll'rophelGeS; 

growth promotion for children with chronic adrenal failure; dw.ufisn\ 

caused by GH resistance; controlling blood glucose leveb for people wilh 

insulin dependent diabetes and insulin resistance; nitrogcn retcntion dnd 

weight gain for patients with hypercatabolic states (Langford and Miell, 

1993). 

Growth retardation is a common feature of pediatrie AIDS and it has 

been associated with hormonal defkiencies, malnutrition and 

overwhelming illness (Geffner et al., 1993). It has hecn postulated the 

growth retardation in children with HIV-1 infection is a result of resistance 

to IGF-I (Geffner et al., 1993). In addition there is evidence of increaslld 

insulin sensitivity in adult HN-1 infected men (Hommes t'l al., 1991). The 

effects of IGF-I on immune system function along with weight gdin and 

increase in muscle mass makes IGF-I an attractive candidate for the 

treatment of HN-1 infected patients with wasting and 

immmunodeficiency . 
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2.8 Project Rationale 

Several observations have shown abnormal insulin and IGF-Ilevels 

in people with HIV-l infection (Hommes et al., 1991, Geffner et al., 1993). 

A Iso, as dicussed above, IGF-I has been implicated in immune system 

function. For instance IGF-I has been shown to effect gt'owth of the 

thymus and lymph nodes, T-cell and B-cell lymphopoiesis, and natural 

killer cell and macrophage activity (Clark et al., 1993, Kincade, 1994, 

Meltzer et al., 1990, Kelley, 1990). 

The purpose of this study was to determine if insu lin or IGF-I had 

any effect on HIV-l replication in de nova and chronïcally infected cells in 

vitro. To test the specificity of the effed of these insulin-like honnones, we 

also measured the effect of another hormone, EGF on HIV -1 replication in 

de navo infected cells . 
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MATERIALS AND METROnS 

1. Cell culture 

Umbilical cord blood mononuc1ear ceUs (CBMC) wen-" isolalpd hy 

Ficoll-Hypaque (Pharmacia, Uppsula, Sweden) gradient cPlltrifugation. 

The cells were coUected, washed and stimulalpd wilh 0.1 % 

phytohen\agglutuin (P-PHA). The cells were seeded in cultun" flasks (2 x 

106 cells/ml) and maintained for three days in complete RPMI-1640 cultUrt\ 

medium (Gibco Laboratories, Toronto, Ontario, Canada) supplptnl'nlt'd 

with 10% heat-inactivated fetaI bovine serum (FBS) (Flow Lahordlorips, 

Toronto, Ontario, Canada), 2 mM L-glutamine, and 100 V.I./ml ppnkillin 

and 100 mg/ml stTeptomycin. CBMC were maintained in wall'r-jarkpll'd 

incubators at 37°C and under 5% CÜ2 atmosphere. CBMC Wl'rp kindly 

supplied by the Department of ObstetTics and Gynecology, }ewish General 

Hospital, Montreal, Quebec, Canada. 

AlI celllines were maintained in complete RPMI-1640 supplPtnl'ntpd 

with 10% heat-inactivated fetal bovine serum (FBS) (Flow Laboratorips, 

Toronto, Ontario, Canada), 2 mM L-glutamine, and 100 U.I./ml ppnicillin 

and 100 mg/ml streptomycin. An cen lines were maintainl'd in water­

jacketed incubators at 37°C and under 5% COz atmosphere. 

Chronically infected U937 ceUs were kindly supplied by Dr. Bluma 

Brenner of the McGill AIDS Centre, Montreal, Quebec, Canada. MT4 cells 

were obtained from Douglas Richman through the AIDS Research and 

Reference Reagent P.ogram, Division of AlOS, NIAID, NIH, Bplhesda, 

MD. H9 cens (Popovic et al., 1984) werE' provided by Dr. R. C. Gallo, NIH, 

Bethesda, MD. 
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Cell viability was assessed by !Typan blue exclusion and cell 

proliferation was assessed by microscopy using a hemacytometer. 

2. HIV-l stock and titration of viral infectivity 

The HIV-ITIB laboratory strain of HIV-l was kindly supplied by R. C. 

Gallo, National Institute of Health (Nlli), Bethesda, MD. Virus was 

concentrated by ultracentrifugation (40,000 RPM, lh, 4°C) of clarified 

supernatants from chronicaily infected H9 cell cultures, using a L8-M 

ultracentrifuge and Ti-45 rotor (Beckman Instruments, Palo Alto, CA.). 

The viral pellet was resuspended in 1 ml of complete RPMI-1640 media 

and aliquots were frozen at -70°C. Stock virus titers were quantified using 

the infectivity assay described by Johnson and Byington (1990). Briefly,10 

fold dilutions of the viral sam pIe were added to wells of a 96-well plate 

containing 4 x lOS CBMC/weli at a final volume of 250 ~l/well. The plate 

was incubated at 37°C for 4 days. On the fourth day 150 J..lI of supematant 

was removed and replaced with fresh media. On the seventh day 100 f.ll of 

supernatant was removed from each well and measured for viral p24 by 

enzyme immunoassay (described below). The infectious titer was derived 

from the amount of p24 antigen present. 

3. Cell infection 

Direct infection of PHA-stimulated CBMe was performed with a 

viral titer of TCIDSO=2000 for 1 x 106 CBMC. A maximum of 30 million 

cells were incubated with a maximum of 1 ml of infectious virus for 2 

hours at 37°C. The ce lis were than washed free of unattached virus and 

resuspended in fresh complete RP:MI media containing 10 Ulml 11-2. In 
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experiments testing insulin and IGF-I, the cells were resuspended in mpdia 

that contained 1 %, or 10% FBS. Cells were plated at 2 x lCJ6 l'elIs/ml and 

the appropriate concentrations of insulin (Sigma Co., St. Louis, MO), IGF-l 

(Gibco Laboratories, Toronto, Ontario, Canada) or BCF (Gibeo 

Laboratories, Toronto, Ontario, Canada) were added. 

4. HIV-l detection hy reverse transcriptase a8say 

Measurement of HIV-l activity in cell-culture supeTnatants by RT 

assay was performed as described in Lee et al. (1987). Bricfly, 50 ~ll of 

clarified culture supernatant from test cell cultures was added lo 50 ~ll of 

reaction cocktail containing: 50 mM Tris hydrochloridp (pH 7.9), 5 mM 

magne sium chloride, 150 mM potassium chioridE', 0.5 mM ethylpnp glycol­

bis (b-aminoethyl ether)-N,N,N', N-tetraacetic add, 0.05% Triton X-HX1, 2% 

ethylene glycol, 5 mM dithiothreitoI, 0.3 mM reduced glutathiont', 20 mCi 

tritiated thymidine triphosphate and 50 mg/ml of templatp primpr [poly 

(rA).oligo (dT)] in poIypropyIene tubes. The tubes werp agilated and t]wn 

incubated at 30°C for 22 hours. The reaction was stopped by tht:' addition 

of 1 ml of cold 10% (w Iv) trichloroacetic add (TCA). Newly syn'hpsizpd 

DN A was precipitated on ice for at least two hours, and then colleclpd on 

Whatman CF /e glass fiber filters (GeIman Sciences, Ann Arhor, Michigan) 

and rinsed two times with cold 10% TCA and one time with absolutp 

ethanol. Filters were dried for 20 minutes and counted in a Packard tri­

carb scintillation analyzer for the incorporated radioactivity. 
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5. Detection of p24 antigen by ElA 

Virus production was monitored by detection of p24 HIV core 

antigen in cell-free culture supematants by enzyme immunoassay (ElA) 

using reagents and instructions provided in the ElA diagnostic kit (Abbott 

Laboratories, Mississauga, Ontario, Canada). 

6. Experimental protocoI 

For most of the experiments, HIV -1 infected cells were divided into 

Iwo groups. The first group was resuspended in complete RPMI-1640 

supplemented with 1 % FBS and the second group was resusupended in 

complete RPMI-1640 supplemented with 10%. The cells were plated in 96 

weIl plates at a concentration of 4 x H)5 cells/well/250J..l1 of media. Insulin 

and IGF-I were added at final concentrations of 6.7 x 10-8 M, 6.7 X 10-7 M, 

3.3 X 10-6 M, and 6.7 x 10-6 M for insulin and 1.3 x 10-10 M, 1.3 X 10-9 M, 2.6 X 

10-9 M, and 6.5 x 10-9 M for IGF-I. The ceUs were cultured for various 

limes, which are indicated in the figure legends, at 37°C and 5% CÛl. A 

50% exchange of culture media was replaced twice weekly. T'he 

supernatants were coUected and measured for RT aclivity and/or p24 

antigen production. In some experîments 3' -azido-3' -deoxythymidine 

(AZT) and EGF were employed as additional controis. 

In order to determine if different preincubation conditions could 

affect the inhibitory action of insulin on HIV-1 replication, either HIV-1 

plus insulin, insu lin plus CBMC, or HIV-1 plus CBMC were incubated for 

1 hour, after which time the missing component was added and the 

incubation continued for another 6 hours. HIV-1 plus CBMC plus insulin 

incubated together for 7 hours served as the control. At the end of this 
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time frame the cells were washed extensively and incubated in insu lin 

containing media supplenlented with 1 % FBS. Supematants were 

collected and assessed for p24 antigen production on the seventh day. 

To assess the infectivity and cytopathology of virus produced from 

ceIls treated with insulin, CBMC were infected and cultured in complete 

RPMI-1640 media or complete RPMI-1640 media containing 3.3 x 10-h M 

insulin. Mter 7 days the supematant was colIected and used to infect MT4 

ceIls. Over the next 5 days the MT4 celIs were studied by microscopy for 

the production of large multinucleated celIs or syncitia. 

To test if insulin or IGF-I had any effects on prified RT activity, the 

hormones were incubated with 40 ng purified RT in a reaction cocktail 

containing: 50 mM Tris hydrochloride (pH 7.9), 10 mM dithiothreitol, 60 

mM potassium chloride, 10 mM magnesium chloride, 5 flM tritiated 

thymidine triphosphate and 10 mU of template primer 

[poly(rA).oligo(dT)]. The tubes were incubated for 30 minutes at 37 0 C. 

Newly synthesi'led DNA was precipitated on ice for 2 hours and then 

collected on Wnatman GF / C glass fiber fllters (Gelman Sciences, Ann 

Arbor, Michigan) and rinsed 2 times with cold 10% TCA and one lime with 

absolute ethanol. Fllters were dried for 20 minutes and counted in a 

Packard tri-carb scintillation analyzer for the incorporated radioactivity. 

P1.lrified RT was kindly provided by Dr. Michael Pamiak of the Lady 

Davis Institute, Montreal, Quebec, Canada. 

7. Statistical analysis 

Where appropria te, statistical significance was tested using the 

Btudent t-test for paired and unpaired samples, unless indicated otherwise. 

AIl data is expressed as mean + / - standard deviation or standard error of 

the mean as indicated. 
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RESUlTS 

1. The effect of insulin on HIV-l replication in de nova infected CBMC 

We began testing insulin for its potential effect on HIV-l replication, 

and showed that exposure of de navo infected CBMC to relatively high 

concentrations of insulin over a period of 7 days resulted in a dramatic 

inhibition of HIV-1 production. At 6.7 x 10-6 M an average 60% decrease in 

RT activity in culture fluids was observed in comparison to control 

cultures (figure 6, p<0.05). Similar results were obtained through 

measurement of p24 antigen in culture fluids (figure 7) (an average of 50% 

decrease of p24 antigen production). This inhibitory effect was dose 

dependent and the 50% effective dose (ECso) was calculated to be 1.1 x 10-6 

on the basis of RT activity and 3.3 x 10-6 ~1 on the basis of p24 antigen 

production. 

In a similar experiment, we infected CBMC and cultured the cells 

for seven days at w!Uch time we added insulin. After a 24 hour exposure 

to insulin supen.atant was analyzed for p24 antigen production. A 

concentration dependent inhibition of HN-1 replication was observed. At 

an insulin concentration of 6.7 x 10-7 M a 22 ± 10% inhibition was observed 

and at a 6.7 x 10-6 M concentration of insulin 58 ± 13% inhibition was 

observed (figure 8). These results indicate that the hormonal effect 

seen in CBMC still occurred when HIV-1-infection was established for 7 

days . 
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Figure 6: The Effect of Insulin on RT Activity in de Il0VO HIV-l 

infected CBMC Culture Supeolatant 

Infected CBMC were cultured in complete RPMI-1640 mpdia 

suppleJl1ented with 1 % FBS and tTeated with 0 M (0), 6.7 X 10-8 M 

(+),6.7 x 10-7 M (0), 3.3 X 10-{) M (A) and 6.7 x 10-{) M (.) of insulin. 

The supernatants were collected 4 and 7 days post infpclion and tlw 

RT activity was assessed as described L'1 the materials and nldhods. 

ResuIts are expressed as mean + / - standard error (n=4). 
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Figure 7: The Effed of Insulin on p24 Antigen Production in de 

novo mV-l infeded CBMC 

Infected CBMe were cultured in complete RPMI-1640 media 

supplemented with 1 % FBS and treated with 0 M (0), 6.7 X 10-8 M 

(+),6.7 x 10-7 M (0), 3.3 x 10-0 M (.&) and 6.7 x 10-() M (.) of insulin. 

The supematants were collected 7 days post infection and tht' p24 

antigen production was measured by enzyme imlnunoassay. 

Results are expressed as mean + / - standard error (n=4). In onp 

experiment the supernatants were also measured for p24 production 

on day4. 
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Figure 8: The Production of p24 Antigen in de nova HIV-1 

Infeded CBMC Exposed ta Insulin for 24 Hours 

Infected CBMC were cultured in complete RPMI-1640 media 

supplemented with 10% FBS. Seven days post infection the ceIls 

were washed to remove aIl free virus and then cultured in media 

supplemented with 1% FBS and contailling 0 M (0), 6.7 X 10-8 M 

(.),6.7 X 10-7 M (0), 3.3 X 10-6 M (Â) and 6.7 x 10-6 M (.) of insulin. 

After a 24 hour exposure to insulin supelnatant was collected and 

assayed for p24 antigen production. Statistical significance bt!tween 

groups was analyzed,using a one-way anova. Results are expressed 

as mean + / - standard error (n=4). 
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2. The effect of IGF-I on HIV-l replication in de novo infected CBMC 

Previous studies have shown that insulin can bind to the IGF-I 

receptor and cause mitogenesis at concentrations 100 to 1000 foid higher 

than required for a comparable IGF-I response (Flier et Ill., 1986, RechIl'r 

and Nissley, 1985). Given the high insulin concenlrdtions thdt W(lfl' 

necessary to achieve an antiviral effect, we reasoned insulin Illight bp 

acting via the IGF-I receptor. Therefol'e the eHect of IGF-l Wc\S c\lso 

investigated. TIte data in figure 9 a!1d 10 show that IGF-I diso inhibited 

HIV-1 production in de naiX' infected CBMC and this inhibition wc\s dose 

related. A 15% inhibition of p24 antigen and 30% inhibitiol\ ,)f RT <lctivity 

was seen after 7 days using an IGF-I concentration of 1.3 x 10-9 M (p<O.05). 

The physiological concentration of IGF-I, 1.3 x 1O-1l M, resultpd in a 92% 

inhibition of p24 antigen and an 88% inhibition of RT dctivity ove! the 

same time frame. Additional1y, in the same experinlent, approxiIllc\lely 

35% inhibition of HIV-1 production by RT activity WdS observed etfter 7 

days at an insulin concentration of 3.3 x 10-6 M. This SdIlH' lpvel of 

inhibition of HIV production was observed at a 1000 foid 10wer 

concentration of IGF-I, suggesting that the insulin effeets on HIV 

production were most likely occurring via the IGF-1 receptor. From the 

data in figures 9 and 10 the ECso for IGF-I was determinpd to be 2.5 x 10-8 

M on the basis of RT activity, and 4.5 x 10-1l M on the basis of p24 

production. Under similar conditions the ECso for AZT was dctcrmined to 

be 1.7 x 10-9 M (data not shown). 
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Figure 9: The Effect of IGF-I on. KT Activity in t:k nOl10 HIV-l 

Infected CBMC Culture Supematant 

Infected CB~fC were cu1tured in complete RP~n 16-W media 

surrlemented with 10
1:) FBS and treated with 0 ~f (0), 1.3 x 10-11 ~f 

(.), 1.3 X 10-10 ~I (0), 1.3 x 10-9 ~I (Â.), 2.6 x 10-9 ~I ~, 6.5 x 10-9 ~f 

(e) and 1.3 x 10-P ~r ~) IGF-1. The supematants \,"ere collected -1 

and 7 days post infpction and the RI activity was determined as 

described in the materia1s and methods. Results are expressed as 

mean + / - standard error (n=4) . 
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Figure 10: The Effect of IGF-I on p24 Antigen Production in de 

nova HIV-l infected CBMC 

Infected CBMC were cultured in complete RPMI-1640 media 

supplemented with 1 % FBS and treated with 0 (0), 1.3 X 10-11 M (+), 

1.3 x 10-10 M (0), 1.3 X 10-9 M (.A), and 1.3 x 10-8 M ( .. ) IGF-1. The 

supernatants were collected 7 days post infection and the p24 

anligen production was measured by enzyme immunoassay. The 

data are a representative experiment 
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3. The effect of insulin and IGF-I on ceU viability and ceU number 

It should he noted that neither IGF-I nor insulin at the maximally 

effective doses employed had any inhibitory effect on CBMC viability or 

number over the course of the experiment. Viability of celIs exposed to a 

maximum of 6.7 x 10-6 M insulin for 4 days was essentially identical to 

control ce Ils (figure Il A). Insulin did decrease viability of CBMC at a 

concentration of 3.3 x 10-6 M. Thus, insulin concentrations greater than 6.7 

x 10-6 M were not employed in any of the experiments. CelI viability in aIl 

concentrations of IGF-I used were comparable to the control group after 4 

days of IGF-I exposure (figure 11 B). The rate of growth, i.e. increasing ceIl 

numbers vs time was not dilferent in control cells vs celIs exposed for 4 

days to insulin or IGF-I up to the maximal concentrations employed 

(figure 12 A and B); lhis includes a concentration of 1.3 x 10-8 M (not 

shown in figure 12B). No differences in cell viability or number were 

observed after 6 days of exposure to insulin or IGF-I (data not shown). 

4. The effed of insulin and IGF-I on in vitro reverse transcriptase 

activity 

To exc1ude affects of the hormone on RT in media, we investigated 

the effects of insulin and IGF-I on the enzymatic activity of purified RT in 

vitro. Neither hormone exhibited any inhibitory activity on RT over the 

range of insulin concentrations (6.7 x 10-8 to 3.3 X 10-5 M) and the range of 

IGF-I concentrations (1.3 x 10-10 to 6.5 X 10-9 M) enlployed. If any effect on 

RT activity was noted, it was stimulatory (figure 13 A and B) . 
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Figure 11: The Effed of Insulin and IGF-I on the Viability of 

CBMC 

Cells were cultured in complete RPMI-1640 supplf'menlE'd wilh 1 % 

FBS and treated with (A) 0 to 3.3 X 10-5 M of insu lin or (B) 0 M to 6.5 

X 10-9 M IGF-I. After 4 days the number of dead vs livE:"' n"lls was 

enumerated by microscopy using a hemacytometer and lTypan hIuE' 

exclusion. Results are expressed as mean + 1- standard error (n=2). 
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Figure 12: The Effed of Insulin and IGF-I on the Number of 

CBMC 

Cells were cultured in complete RPMI-1640 supplemented with 1 % 

FBS and treated with (A) 0 to 3.3 X 10-5 M of insulin or (B) 0 10 6.5 X 

10-9 M IGF-I. After 4 days the cells were enumerated hy mkrosropy 

using a hemacytometer. Results are expressed as mean + / - standard 

error (n=2) . 
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Figure 13: The Effed of Insulin and IGF-I on the Enzymatic 

Activity of Purified RT in vitro 

(A) Insulin and (B) IGF-I were incubated with purified RT for 30 

minutes. RT activity was measured by the incorporation of tritialed 

thymidine into newly synthesized DN A . 
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5. The effect of preincubation conditions on insulin's ability to inhibit 

HIV-l 

In order to determ.ine if different preincubation conditions could 

affect the hlhibitory action of the hornlone on HW -1 replication, either 

virus plus insulin, insul.in plus celIs or virus plus celIs were incubated for l 

hour, after which time the missing component WelS added rllld incubation 

continued for another 6 hours. Virus plus ceUs plus illsulin together for 7 

hours served as the control. At the end of tlùs time fraIne, the ceUs were 

washed extensively and incubated in hormone containing nwdia. Sevpn 

days later HIV-l production was monitored in aIl groups. The data in 

figure 14 show that under aIl preincubation conditions, virell replicalion 

was similarly inhibited over a range of hormone concentrations. No 

apparent differences were observed belween the control (i.e. vrrus plus 

insulin together for 7 hours) vs the other treatment groups. 

6. Oelayed cytopathicity as an indication of the effect insu lin on 

infectious virus production 

MT4 ceIls were infected with 1 ml HIV-l produced from insulin 

treated and non-lreated CBMC. As seen in figure 15B a low level of 

syncitia formation was observed C1 MT4 ceUs infected wilh HIV-l 

produced from CBMC treated with insulin. Nter 3 days of infpction there 

was sorne formation of syncitia-like celIs and !iule ceUs lytiis was eviclent. 

However, virus producecl from CBMC that were not treated with insu lin 

caused the formation of a greater number of large syncitid-like cells and a 

great deal of ceillysis by day 3 (figure 1SC). By clay 6 syncitia formation 
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Figure 14: The Effed of Preincubation of Cens or Virus with 

Imutilll on p24 Antigen production in de nova HIV-1 infected 

CBMC 

ln the first condition (.), ceUs were incubated for 1 hour with 0 M, 

6.7 X 10-8 M/ 6.7 X 10-7 M, 3.3 X 10-6 M or 6.7 x 10-6 M insulin and than 

infected with HIV -1. In the second condition (e) virus was 

incubaLed for 1 hour with 0 M, 6.7 x 10-8 M, 6.7 X 10-7 M, 3.3 X 10-6 M 

or 6.7 x 10-ô M insu lin and than used to infect ceUs. In the third 

condition (Â) cens werf> infecled with HIV-l for one hour and then 

incubalpd with 0, 6.7 x 10-8 M, 6.7 X 10-7 M, 3.3 X 10-6 M or 6.7 x 10-6 

M insulin. After the 1 hour incubation the missing component was 

added and the incubation continued for another 6 hours. Cells, 

virus and 0, 6.7 x 10-8 M, 6.7 X 10-7 M, 3.3 X 10-6 tvl or 6.7 x 10-6 M 

insulin incubaled togf'ther for 7 hours (+) served as the control. 

Aftf'r this tinle frame the ceUs from each condition were washed to 

remove free virus and cultured in media containing the appropriate 

COnCf'nlTution of msulin. After 7 days the supernatants were 

colleded tm assayed for p24 antigen production . 
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Figure 15: Syncitia Fonnation in MT4 Cells Infected with HIV-1 

Produced from Infeded CBMC that were Grown in the Presence or 

Absence of Immlin 

(A) shows control healthy uninfected MT4 cells (no syncitia). 

(B) shows MT4 cells that were infected with HIV-l produced from 

insulin treated CBtv1C (low syncitia production). 

(C) shows MT4 cells that were infected with HIV-l produced from 

CMBCs that were not lrealed with insulin (high syncitia production) . 
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was severe in both conditions. The delay of severe syncitia formation 

indicates that less virus was produced from the insulin treated CBMC. 

These results lend further support to insulin's ability to decrease HIV-1 

production. The fact that HIV -1 produced in the presence of insulin is able 

to induce syncitia formation in MT4 cells indicates that this virus do es not 

lose its infectivity after exposure to insulin. 

7. The effect of insulin and IGF-I on HIV-l production in chronïcally 

infected U937 cellline 

As can be seen from the data in figure 16 and 17 both IGF-I and 

insulin can inhibit the replication of HIV -1 in chronically infected U937 

celIs. Cells were exposed to hormone and within 48 hours, the production 

of HN-1 was inhibited 32% by 6.7 x 10-7 M insu lin (figure 16) and 93% by 

1.3 x 10-8 M IGF-I (figure 17). There are several key points to be made from 

the data. Firstly, HIV-l replication in a different cell type (i.e. chronically 

infecled U937 celIs) can be blocked by IGF-I and insulin suggesting 

possible general effects of the hormones on HIV-l replication. Secondly, 

the hormone effect can be seen in a cht'onicalIy infected cellline suggesting 

that the effects of the hormones are intracellular rather than at the cell 

surface (i.e. viral binding). 

8. The specificity of the effed of IGF-I on HIV-l replication 

Since IGF-1 and insulin are mitogens for many types of cultured 

celIs, we reasoned that the effect of these growth factors on HIV-1 

replication might be related to their mitogenic potential. Thus, we 

compdred the effpcts of IGF-I on HIV-1 replication with the effects of EGF, 

one of the most potent mitogens known, on HIV -1 replication. 
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Figure 16: The Effect of Insulin on the RT Activity in HlV-l 

Chronically Infected U937 Ce Ils 

Chronically infected U937 ceUs were cultured in complete RPMI 

1640 media supplemented with 1 % FBS and treated with 0 M (0), 

and 6.7 x 10-7 M (0) inSUlill. The supematants were coUected 24 and 

48 hours after insulin treatment and the RT activity was assessed ~s 

described in the materials and methods. Results are expressed as 

mean + / - standard error (n=4). 
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Figure 17: The Effed of IGF-I on the RT Activity in RIV-t 

Chronically Infected U937 Cells 

Chronically infected U937 cells were cultured in complete RPMI 

1640 media supplemented with 1 % FBS and treated with 0 M (0) 

and 1.3 x 10-8 M (0) IGF-1. The supematants were collected 24 and 

48 hours after insulin treatment and the RT activity was assessed as 

described in the materials and methods . 
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The data in figure 18 A and B clearly demonstrate the concentration 

dependent effect of IGF-I on HIV-1 replication. An IGF-I concentration of 

10 ng/ml (1.3 x 10-9 M) resulted in a 29% inhibition of RT activity and an 

IGF-I concentration of 100 ng/ ml (1.3 x 10-8 M) resulted in a 50% inhibition 

of RT activity. Similar concentrations of EGF showed no inhibitory effect 

on HIV-1 replication. In fact, at the highest concentrdtion of EGF 

employed, 100 ng/ml (1.6 x 10-8 M), HIV-1 replication was increased 

slightly above control values whether monitored by RT activity or p24 

antigen production (figure 18 A and B) . 



• 

• 

• 

Figure 18: The Specificity of the Honnone Effect on HIV-1 

Replication 

Infected CBMC were cultured in complete RPMI-1640 supplemented 

with 1 % FBS and treated with 0, 1, 10 , 100 ng! ml of either IGF-I 

(clear bars) or EGF (hatched bars). The supematant was collected 4 

days afler infection and the (A) RT activity and (B) p24 production 

were measured as described in the materials and methods. Results 

are expressed as mean +!- standard error (n=2). (1 ng! ml IGF-I = 

1.3 x 10-10 M and 1 ng/ml EGF = 1.6 x 10-10 M) . 

74 



• 
8 

,.-., 

~ s:: 
'-

~ § 
ta p 
s:: 
«1) 
0 

§ 
0 
«1) 

§ 
§ 

..s::: 
o 

• = uaiJ\llœ Ptd IOJ1UOJ JO 1UaJlad 

8 - ----
~ s:: 
-' 

0 § - ta 
b c: 
«1) 
0 

§ 
0 
«1) 

§ 
E 
0 

..s::: 
0 

hllAllJC UIIOJ1UOJ JO lUllJlad 

• 



• 

• 

• 

76 

DISCUSSION 

We have reported herein that insulin and IGF-I can dramatically 

reduce HIV-1 replication in de navo infected CBMe and chronically 

infected U937 cells. While the overall mechanism(s) involved is not known 

we believe that the effects of insulin and IGF-I are proceeding via the IGF-I 

receptor. This conclusion is supported by the observation that the levels 

of insulin needed to effect HIV-1 production are relatively high, whi1e the 

effects of IGF-I .are seen at and below physiological concentrations of this 

hormone (Lieberman, 1994). This suggests a prÏrrlary role for the 

endogenous IGF-1 receptor as it is weIl documented that 

supraphysiological concentrations of insulin can activate the IGF-I receptor 

(Fller et al., 1986, Rechler and Nissley, 1985, Maller and Koontz, 1981). In 

addition, others have reported that insulin (10-6 M) and IGF -1 (10-9 M) 

effect chemotactic activity in peripheral blood mononuclear ceIls at 

concentrations similar to the concentrations we have found to inhibit HIV-

1 replication (Berman and Center, 1987, Tapson et a/1988). Berman and 

Center (1987) also indicated that the effects of insulin on the chemotactic 

activity of peripheral blood monunuc1ear cells is occurring via the IGF-I 

receptor. 

In our studies treatment with 6.7 x 10-6 M insulin resulted in a 60% 

reduction in RT activity and a 50% decrease in p24 antigen production in 

de novo infected CBMC (figures 6 and 7). Similarly, a 1.3 x 10-8 M IGF-I 

treatment resulted in an 88% reduction in RT activity and a 92% decrease 

in p24 antigen production in de 1lCfl/0 infected CBMC (figures 9 and 10). As 

indicated above the high concentrations of insulin required to obtain the 
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same effect produced by IGF-I in U\ese experiments suggesl that insulin 

and IGF-I may both be acting via the IGF-I receptor. 

Il should he noted that human lymphocytes have been shown to 

express. IGF-I receptors and these receptors are known to be increased in 

expression when PHA slimulated (Thorsen and Hiny, 1977, Kozak t'f Ill., 

1987, Tapson et al., 1988, Kozak et al., 1987). In faet, our Iabofatory rec0ntly 

showed that PHA stimulation of CBMC resulted in a nearly 2 fold incl'cas(' 

in specifie IGF-I binding when compared to non-acti\'aled CBMC (data not 

shown). TIlese results indieate that activated CBMC express r('sponsÎve 

IGF-I receptors. 

In another experiment we demonstraled that insulin was able to 

inhibit HIV -1 production in de 'lava infected CBrvlC with a 7 day 

established infection (figure 8). A 24 hout' exposure of lhese celIs to 6.7 x 

10-6 M insulin resulted in a 58% reduction in p24 antigen production. 

These results show thal a short exposure tinte to insulin is suffident to 

produce the inhibitory effect. However, preincubation of cells or virus 

with insulin for 1 hour before infection does not have a signifkant effect on 

viral production (figure 14). 

We further demonstrdted that both insulin and IGF-I reduced HIV-1 

production in chronically infected U937 celIs (figures 16 and 17). The 

inhibition of viral replication in a dliferent cell type suggests the possible 

general effects of these hormones on HIV-l replication. AIso, because the 

effect of these hormones is seen in a chronically infected cellline suggests 

that they are acting intracellularly rather than at the ceH surface. 

Although RT activity in supematant of de naua infected CBMC and 

chronically infected U937 celIs was dramatically decreased when these 
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celis were exposed to insulin and IGF-I, neither hormone had an inhibitory 

effect on purified RI in vitro (figure 13). Rather a stimulatory effect on the 

enzyme was observed with increasing levels of insulin and IGF-I. These 

results suggest that insulin and IGF-I are exerting their effect on the ceU 

rather than on the virus. 

Interestingly experiments conducted using 10% FBS in the culture 

media attenuated the effects of insulin and IGF-I (data not shown). This 

indicates that there are agents in serum that could be inhibitîng the effect 

of the hornlones. For instance, IGF-I binding proteins are known to bind to 

free circulating IGF-I and have been shown to enhance or inhibit the effects 

of this hormone (Baxter and Martin, 1989, Conover et al., 1990). 

We also demonstrated that virus produced (rom insulin treated, de 

umm infected CBMC produced less syncitium when used to infect MT4 

celis (figure 15). These results suggest that there was less virus produced 

frOIn insulill lreated cens and this lends further support to insulin' s a bility 

to inhlbit HIV -1 production. 

The data in figure 18 demonstrates that a different hormone, EGF 

was not able to inhibit HIV-l production. lbese results illustrate the 

specificity of the actions of insulin and IGF-I on HIV-l replication. In 

addition, thesc data further suggest that the actions of insulin and IGF-I 

an' mediated through thE' IGF-I receptor and signalling cascades that are 

different than those used by EGF. Also, the inability of EGF, a potent 

mi toge n, to inhibit HIV-l replication, suggests that the effects of insuHn 

and IGF-I eue not necessarily related to their mitogenic actions. 

The effects of IGF-I on lymphoid celIs has been established in the 

last few years. For instance, IGF-I has already been demonstrated to have 
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significant growth and modula tory effects on cells and organs of the 

immune system induding the T cells, B cells, natural killl\r ('('Ils, thymus 

and lymph nodes (Clark et al., 1993, Kincade, 1994, Meltzer ct al., 1990, 

Kelly, 1990). Additionally, the nlodulatory role of growth hormone on 

celis of the immune system is extensive and its cffects have b(,(:\11 shown to 

occur via local IGF··I production (Geffner et al., 1990). 

Presently we do not know precisely where the block in viral 

replication is occurring. We feel that one possjble mechanism involves the 

disruption of signalling events taking place during the IIIV-l infcctious 

cycle by the IGF-I signalling cascade. 11lis is supported by the rCl'ently 

demonstrated relationship between IGF-I and IL-4 signalling. II .-4 is a 

pluripotent cytokine intimately involved k"l determining the nature of cUl 

immune response to a given pathogen (Paul, 1991). IL-4 induces 

phosphorylation of a 170 kDa prolein (4PS) which is known to associalc 

strongly with the 85 kDa subunit of PI-3' ki.ndse (VVang l't al., 1992, Linette 

etal.,1988). PI-3' kinase is also known to associate with the IRS-I whkh is 

the most prominent substrate phosphorylated in responsc to inslllin or 

IGF-I. Interestingly, 4PS and II~S-l have been shawn to be antigenically 

relaled (\Vang et al., 1993). H has also bcen shawn that the dddition of IGF-

1 to myeloid celllincs resulted fi tyrosine phosphoryJation of 4PS, clnd IL-4 

stimulation of a nlyelaid ceUline transfeded wHh cDNA P1Koding IRS-l 

resulted in tyrosine phosphorylation of JI~S-l and its subsequent 

association with PI-3' kinase. This indicates that the IL-4 rcccpto:c (mtl IGF-

1 receptor have overlapping signal transduction pdthways dnd thdt IRS-l 

and 4PS are functionally similar. While wc have no direct evidence to 

associa te IL-4 to the observations we have made herein, the close 
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relationship between the IL-4 and the IGF-I signalling cascades suggests 

that the effect of IGF-I on HIV-1 replication probably involves interference 

and/ or signal transactivation. 

IGF-I has been implicated in growth retardation and malnutrition in 

pediatrie AlOS and insulin sensitivity has been observed in HN-1 infected 

men (Geffner et al., 1993, Hommes et al., 1991). AIso, IGF-I levels in the 

blood are known to be profoundly influenced by nutritional factors and 

have been shown to be dramaticalIy decreased in malnourished 

individuals. When one considers the extreme wasting associated with 

AIDS and the decreased levels of circulating hormones found in patients 

with AlOS, il is not unrealistic to anticipate many hormonal dysfunctions 

that can be associated with the pathogenesis of HIV -1 infection. 

Understcmding the causes of these dysfunctions will help to de termine 

strategies to modula te hormone levels to minimize the effecls of the virus. 

Since we believe insulin is acting via the IGF-I receptor and in view 

of the recent reports employing IGF-I treatment in people with AlOS to 

modula te immune responses (Nguyen et al., 1993) and to increase nitrogen 

retention in muscle (Lieberman et al., 1994), it is suggested that 

administration of IGF-I to selected patients via injection would be an 

interesting therapeutic approach. ln such a study monitoring HIV-1levels 

in serum and infected celIs would be of considerable value . 
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