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Pathogenesis of HIV infection
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• Single standed (+) sense RNA genome of about 10 kb

• 5’ cap, 3’ poly(A) tail

• Stop codon between gag and pol, suppressed by read through or frameshifting

• All retroviruses encode Gag, Pol and Env

• Has a direct repeat (R) and unique (U) regions at both ends

• Lentiviral genomes encode a number of additional auxiliary proteins, Tat, Rev, 

Nef, Vif, Vpr and Vpu

HIV genome organization
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Coreceptors for macrophage and T-cell-tropic Strains of HIV

CXCr4 is the major coreceptor for T-cell-tropic strains

CCr5 is the major coreceptor for macrophage-tropic strainspresented by: mahshad mohammadi, supervised by: 
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Pathogenesis and Immunity

The major determinant in the pathogenesis and

disease caused by HIV is the virus tropism for

CD4-expressing T cells and Marophage.

HIV-induced immunosuppression (AIDS) results

from a reduction in the number of CD4 T cells,

which decimates the helper and delayed-type

hypersensitivity (DTH) functions of the immune

response.
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During sexual transmission, HIV infects a mucosal

surface, enters, and rapidly infects cells of the

mucosal associated lymphoid tissue (MALT).

The initial stages of infection are mediated by M-

tropic viruses, which bind to CD4 and the CCR5

chemokine receptors on dendritic and other

monocyte-macrophage lineage cells, as well as

memory, TH1 and other CD4 T cells.
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Individuals who are deficient in the CCR5

receptor are also resistant to HIV infection,

and CCR5 binding is a target for an antiviral

drug.

CD4 T cells are infected by the bound virus

or by cell to cell transmission upon binding to

the dc.

Macrophages, DCs, memory T cells, and

hematopoetic stem cells are persistently

infected with HIV and are the major

reservoirs and means of distribution of HIV .
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Mutation in the env gene for the gp120 shifts the

tropism of the virus from M-tropic (R5) to T-tropic

(X4 virus).

The gp120 of the T-tropic virus binds to CD4 and

the CXCR4 chemokine receptor.

The change in receptor preference to CXCR4

occurs late and correlates with progression of

disease.
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HIV vaccine
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Definitions

 vaccine: A vaccine is a substance stimulates an 
immune response that can either prevent an 
infection or create a  resistance to an infection.

 No vaccine is 100% effective!  Most that are used in 

North America are between 70 and 95% effective

 Vaccines provide both an individual benefit and a 

public health benefit.
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Ask some key question

Neutralizing antibodies

To block free virus

T cell response to

kill infected cells
OR

OR BOTH?
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An effective vaccine

 The vaccine must be able to target conserved and essential

parts of the virus machinery.

 The vaccine must act early in the process before the virus

becomes firmly established and destroys the immune system.
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Types of AIDS vaccines

 Preventive vaccines

 Designed for people who are not infected with HIV

 If effective, would reduce risk of infection or viral load set point after infection

 Therapeutic vaccines

 Designed for people who are living with HIV

 If effective, would use the body’s immune system to help control or clear HIV in the body
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How do preventive vaccines work?

By teaching the body to recognize and fight a pathogen

Vaccine carries something that ‘looks and feels’ like the pathogen, but is not really the pathogen

Body reacts by creating antibodies or killer cells, and a memory response

Upon exposure to the‘real’pathogen, antibodies and killer cells are waiting to respond and attack

Note: This is a general definition, not specific to HIV vaccines
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An HIV vaccine is possible

 Results from the AIDS vaccine trial RV144 in Thailand were the
first ever to show modest efficacy in preventing transmission of
HIV. There were about 31 percent fewer infections among
participants who received the vaccine compared with those who
received the placebo.

 Neutralizing antibodies can prevent infection by SIV, the monkey
version of HIV.
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An HIV vaccine is possible

 Some people’s immune systems can naturally control 
the virus for years, sometimes decades.

 Vaccines can protect monkeys from SIV infection or 
significantly delay disease.
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DISCOVERY
VACCINE 
DESIGN

PRECLINICAL 
RESEARCH

CLINICAL TRIALS

How is a vaccine developed?
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How it is Done

 basic laboratory research

 animal experiments

 The next step is to test these products (candidate vaccines) on
healthy human volunteers through sequential phases. Phase I and
II trials provide data on the safety of the candidate vaccines and
on their ability to induce immune responses specific to HIV.
These trials are done among small numbers of volunteers (50-200
per trial).

 Depending of the results obtained, candidate vaccines can
proceed to large-scale Phase III trials, to obtain definitive
information about their efficacy in inducing protection against
HIV infection or AIDS. For scientific reasons, Phase III trials are
done in populations with a high incidence of HIV infection,
involving thousands of volunteers.
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HIV VACCINE APPROACH

Live attenuated vaccine                                  

Inactivated vaccine                                            

Recombinant subunit vaccine                 

Modified envelope                                              

Peptide vaccine                                                        

DNA vaccine

Recombinant Vector  vaccine                            

Other Vectors
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HIV GENES & PROTEINS
Class Gene name Primary protein 

products

Processed 

protein products

Viral structural 

proteins

gag Gag polyprotein MA, CA, SP1, 

NC, SP2, P6

pol Pol polyprotein RT, RNase H, IN, 

PR

env gp160 gp120, gp41

Essential 

regulatory 

elements

tat Tat

rev Rev

Accessory 

regulatory 

proteins

nef Nef

vpr Vpr

vif Vif

vpu Vpu
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VIRAL STRUCTURAL PROTEINS


gag (group-specific antigen) codes for the gag polyprotein which is
processed by viral protease during maturation to MA (matrix protein, p17);
CA (capsid protein,p24); SP1 (spacer peptide 1, p2); NC (nucleocapsid
protein, p7( .


pol codes for viral enzymes reverse transcriptase (RT) and RNase
H, integrase (IN), and HIV protease.


env (for "envelope") codes for gp160, which is cleaved by a protease,
within the endoplasmic reticulum of the host cell. gp120 , which attaches
to the CD4 receptors present on lymphocytes, and gp41.
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ESSENTIAL REGULATORY ELEMENTS

Tat (HIV trans-activator) plays an important role in regulating the

reverse transcription of viral genome RNA .

Rev (regulator of expression of virion proteins) : required for the

transport of Rev to the nucleus from cytosol during viral replication.
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ACCESSORY REGULATORY PROTEINS

 nef- Nef, negative factor, play an important role in cell apoptosis

and increase in virus infectivity.

 vpr (lentivirus protein R): play an important role in replication of the

virus.

 vif - important for the infectivity of HIV-1 virions depending on the

cell type.

 vpu (Virus protein U) - Vpu is involved in CD4 degradation and

successful release of virions from infected cells.
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GAG,POL,ENV VACCINE

modified pox vector-based HIV/AIDS vaccine
candidate expressing Env, Gag, Pol proteins of
HIV-1 subtype B in healthy HIV-1-uninfected
volunteers.

elicited strong and durable T-cell and antibody
responses in 75% and 95% of volunteers.
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TAT PROTEIN

 Tat stands for "Trans-Activator of Transcription“

 increases the level of transcription 

 Tat also appears to play a more direct role in the HIV disease 

process. The protein is released by infected cells in culture, 

and is found in the blood of HIV-1 infected patients. 

 It can be absorbed by cells that are not infected with HIV, 

and can act directly as a toxin producing cell death 

via apoptosis in uninfected T cells, assisting in progression 

toward AIDS.
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TAT VACCINE

Anti-Tat antibody

Anti-Tat Cytotoxic T Lymphocytes(CTL)

Conserved immunogenic regions
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NEF PROTEIN

 down regulating cell surface expression of CD4

 reduce TCR signaling during early infection

 protecting the infected cells from apoptosis.

One group of patients in Sydney were infected with a nef-

deleted virus and took much longer than expected to

progress to AIDS.
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CHALLENGES IN DESIGNING HIV VACCINE

Lack of enough information

Lack of suitable animal model

RT high rate error

Hidden epitopes
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HIV DRUG
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TYPES OF HIV DRUG

 Nucleoside Analogue Reverse Transcriptase Inhibitors

 Non – nucleoside Reverse Transcriptase Inhibitors

 Protease Inhibitors

 Fusion Inhibitor

 Highly Active Anti Retroviral Therapy (HAART) 
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History of HIV Vaccine Research

 1981

HIV was identified as the cause of AIDS.

 1987

The first HIV vaccine clinical trial opened at the National Institutes of
Health (NIH) Clinical Center in Bethesda, Maryland. This Phase I trial
enrolled 138 healthy, uninfected volunteers. The gp160 subunit
vaccine showed no serious adverse effects.

 1988

The NIAID AIDS Vaccine Evaluation Group (AVEG), the first U.S.
cooperative HIV vaccine clinical trials group, began enrolling
volunteers in its first trial.

presented by: mahshad mohammadi, supervised by: Dr. Aslanimehr

35



 1992

NIAID launched the first Phase II HIV vaccine clinical trial. This trial included uninfected
volunteers with a history of high-risk behavior -- injection drug use, multiple sex partners, or
sexually transmitted infections.

 1998

First large scale vaccine trial began: VaxGen initiates Phase III trial of AIDSVAX in
North America and The Netherlands.

 1999

First large scale vaccine trial in a developing country began: VaxGen
initiates Phase III trial of AIDSVAX in Thailand.
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 2000

NIAID formed the HIV Vaccine Trials Network (HVTN), a network of clinical sites in
the United States and abroad dedicated to developing a preventive HIV
vaccine by testing and evaluating candidate vaccines in all phases of clinical
trials. The network included more than 25 sites in the United States, Africa, Asia,
South America, and the Caribbean

 2003

U.S. and Royal Thai governments jointly initiated RV144, a Phase III trial to
evaluate a novel HIV vaccine strategy commonly referred to as "prime-boost."

 2004

VaxGen candidate failed in Phase III trials.
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 2007

NIAID halted the Phase II Step and Phambili studies due to safety concerns.

 2009

Phase II HVTN 505 study initiated to evaluate a “prime-boost” vaccine regimen
developed by the VRC.

Results of Phase III Thai Trial (RV144) show vaccine combination is first to demonstrate
modest preventive effect in humans. The trial enrolled more than 16,000 volunteers.

 2010

Two potent antibodies that prevent most strains of HIV identified by the VRC
(VRC01 and VRC02).

Establishment of Pox-Protein Public-Private Partnership (P5).

Dedication of the Dale and Betty Bumpers Vaccine Research Center (VRC).
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 2011

HVTN 505 expanded to include protection from HIV as primary 
endpoint.

 2012

Additional analyses of samples from RV144 provide insight about what 
type of immune response may be needed for an effective vaccine.

 2013

HVTN 505 immunizations stopped due to lack of efficacy.

presented by: mahshad mohammadi, supervised by: Dr. Aslanimehr

39



Novel strategies are being researched to discover vaccines to prevent and

treat HIV-1. Non-efficacious preventative vaccine approaches include

bivalent recombinant gp120 alone, HIV gene insertion into an Adenovirus 5

(Ad5) virus vector and the DNA prime/Ad5 boost vaccine regimen.

However, the ALVAC-HIV prime/AIDSVAX1 B/E gp120 boost regimen showed

31.2% efficacy at 3.5 years.

Likewise, although multiple therapeutic vaccines have failed in the past,

in a non-placebo controlled trial, a Tat vaccine demonstrated immune

cell restoration, reduction of immune activation, and reduced HIV-

1 DNA viral load.

presented by: mahshad mohammadi, supervised by: Dr. Aslanimehr 40



Adenovirus 5 (Ad5) vector HIV vaccine

The failure of the recombinant envelope vaccines shifted the focus

to immune responses that would achieve cross-strain breadth.

Pathogenesis studies revealed that the magnitude and breadth of

the early CD8+ T-cells markedly influenced early viral control, so

cytotoxic T-cell (CTL)- based vaccines were designed

primarily to control post-infection viremia, but there were also hopes

they could prevent HIV acquisition.
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The strategy to induce CTL responses to HIV proteins was to

insert HIV genes into recombinant viral vectors and

shuttle these genes into the Class I antigen-presenting pathway

.The first T-cell vaccine candidate to undergo clinical efficacy

trials was a replication-defective recombinant Ad5 vector with

HIV-1 clade B gag/pol/nef inserts.

Containing no envelope genes, this vaccine tested the concept

of whether a CD8+ T-cell response would reduce post-

acquisition viremia. It was given as three injections (0, 1, 6.5

month).
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Therapeutic vaccines 

Even if only partially effective, therapeutic vaccines may be valuable for HIV-infected

individuals as treatment intensification on the immune system and viral

reservoir when combined with highly active antiretroviral therapy (HAART), as a

safeguard during suboptimal adherence, and/or as a cure adjunct.

Vaccination at the time of primary infection or early in the course of infection has

been proposed to limit reservoir establishment and promote viral eradication,

analogous to the rationale for early HAART initiation. Unfortunately, in the past 20

years, almost fifty safety, immunogenicity and some efficacy therapeutic HIV vaccine

trials have been evaluated, in acute, early and chronic HIV infection, and all with

minimal success.
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Tat therapeutic HIV vaccine 

The Italian National AIDS Center is developing a vaccine targeting the 

HIV-1 transactivator of transcription (Tat) protein, a key virulence factor 

which plays critical roles in HIV gene expression, replication, 

transmission and disease progression .

Tat-specific antibodies appear to be a possible key to prevent HIV 

acquisition and spread. Notably, anti-Tat antibodies are uncommon in 

natural infection and, when present, correlate with the asymptomatic 

state and lower disease progression .

preventative and therapeutic studies demonstrated that Tat vaccination is safe

and immunogenic.

in virologically-suppressed HAART-treated participants, Tat vaccination induced

restoration of CD4+ and CD8+ T-cell numbers and functional central memory

T-cell subsets, of B and natural killer (NK) cell number and a reduction of

immune activation .

Crucially, Tat immunization induced a statistically significant reduction of blood

HIV-1 DNA load that persisted for up to three years post-vaccination.
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Currently there is no effective vaccine against human immunodeficiency

virus(HIV).

Four recently published studies in Cell and Immunity now show that using

planned sequential boosting with antigens to guide the

humoral response towards broadly neutralizing antibodies
could provide a solution to achieving vaccination against HIV-1.

First, HIV is an extremely diverse virus, with multiple subtypes

leading to antigenic variation of up to 30% within its

viral envelope.

Second, the envelope is comprised of numerous glycans that

shield antigenic sites and can undergo conformational

change, leading to a rapidly transforming antigenic
landscape .

Lastly ,bnAbs lose their ability to neutralize HIV when their

immunoglobulin variable (V) gene sequences are reverted to

their unmutated (germline) counter parts

A major exception to this approach is the

influenza vaccine in which antigens are

altered each year to target new seasonal

strains arising from antigenic drift. Influenza

vaccines, how ever, are not specifically

designed to re stimulate existing memory B

cells into further affinity maturation, but are

likely to activate naïve B cells.
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Development of Broadly

Neutralizing Antibodies (bnAbs)

with Desired Epitope Specificity.

A schematic is shown of how

planned, sequential boosting

using different antigens can allow

the development of antibodies

with desired epitope specificity.

This process is undertaken 4–6

times to obtain broadly

neutralizing anti-HIV-1 antibodies .
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HIV-1 infects activated CD4+ T cells, which have increased nucleotide pools,

cytokines, and transcription factors compared to non activated cells. Most of

these infected cells die due to cytopathic effects of the virus or lysis by HIV-

specific CTLs.Cells that revert back to a resting memory T cell survive and may

undergo homeostatic proliferation. However, treatment of these cells with

reactivating agents causes the cells to actively produce virus and ultimately

leads to either spontaneous cell death or death through immune system

clearance.presented by: mahshad mohammadi, supervised by: Dr. Aslanimehr
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Major Mechanisms of HIV-1 Latency in CD4+ T Cells

Sequestration of essential transcription factors like NFAT and NF-kB in the cytoplasm leads to
silencing of viral gene expression.

Two major mechanisms of transcriptional interference occur in latently infected cells.In

promoter occlusion, the host promoter is positioned upstream of the provirus and the host RNA

Pol II reads through the HIV-1 LTR, causing displacement of necessary transcription factors. In

convergent transcription, provirus and the host gene are in the opposite

orientation, leading to collision of the RNA Pol II complexes.

Levels of cyclin T1, which forms P-TEFb and is important for HIV-1 transcription and Tat

transactivation, are low in resting CD4+ T cells.

DNA methylation and restrictive chromatin structures contribute to transcriptional silencing,

leading to HIV-1 latency.
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HIV-1 differs from other viruses for which successful vaccines have been

made, because as a highly mutable,it is resistant to both immune

responses and antiretroviral therapy. Thus, to prevent infection, an HIV-1

vaccine must induce protective immunity that is active during

transmission .

Broadly neutralizing antibodies (bnAbs) are targeted to conserved

regions of the HIV-1 envelope (Env) and neutralize a broad spectrum of

HIV-1. When passively infused in rhesus macaques, bnAbs robustly

prevent infection, suggesting they can protect if present during

transmission.

However, bnAbs are made in a minority of HIV-1–infected individuals

years after infection and cannot be elicited by current immunization

regimens.

Thus, identifying impediments to bnAb induction to devise better

immunization strategies is a central goal for HIV-1 vaccine development.
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B-cell lineage-based approach to vaccine design.

Mature bnAbs can be isolated from HIV-1–infected donors using modern methods
such as memory B-cell culture or sorting of antigen-specific B-cells. Based on the

known bnAb sequence, next generation sequencing can be used to find numerous

clonal relatives of the mature bnAb. If appropriate longitudinal samples are

available, it is possible to infer the full antibody lineage, including the UA and IAs.

The expressed UA and IA sequences can then be used as templates for the design

of HIV-1 immunogens with high-affinity binding. As the antibody lineage is known

to evolve in response to viral evolution, it may be possible to design sequential

immunogens with high affinity binding for the UA and IA, thus guiding the antibody

response toward the mature antibody with broad neutralizing activity.

presented by: mahshad mohammadi, supervised by: Dr. Aslanimehr

54



Plasmid DNA vaccines have been licensed for use in

domesticated animals because of their excellent

immunogenicity, but none have yet been licensed for use in

humans. Here we report a retro spective analysis of 1218 healthy

human volunteers enrolled.

Results showed that , DNA vaccines elicited CD8+ and CD4+ T-

cell responses in an average of 13.3% and 37.7% of vaccine

recipients .

These vaccines elicited minimal neutralizing antibody

responses. These findings of the immunogenicity of HIV DNA

vaccines in humans can provide guidance for future clinical

trials.
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