
On AIDS and other immuno-
deficiencies  

 



Immunodeficiency, one of three major mechanisms of 
‘inappropriate’ immunity 

Similar to other systems, such as the endocrine system that sometimes produce too many or not enough hormones, the 
immune system sometimes does not function optimally. However, the immune system, in addition, can malfunction when it 
respond against self molecules. 



Topics to be discussed 
   
Primary immunodeficiencies   
 
•  Progress in identifying the genetic defects that                

   underlie these disorders 
•  Animal models of primary immunodeficiency 
•  Approaches for treatment, including innovative uses  

   of gene therapy  

Secondary immunodeficiencies 
 
•  AIDS 
•  Therapy and prevention strategies 

•  Where we’re going- Briefly! 
•  A few categories of immunodeficiencies-genetic 
•  A brief look at AIDS 



Two major types of immunodeficiency 
 
A primary immunodeficiency, which results from a genetic 
(inherited) or developmental defect in the immune system. 
In such cases, defects are present at birth although they may not 
manifest themselves until later in life. 
 
A secondary immunodeficiency, also termed, acquired 
immunodeficiency, is the loss of immune function and results from 
exposure to various agents. 
 
The most common secondary immunodeficiency is the ‘Acquired 
Immunodeficiency Syndrome’, or AIDS, which results from infection 
with the ‘Human Immunodeficiency Virus 1’ (HIV-1).   

 
Individuals with severe immunodeficiency are at risk of infection with 
opportunistic agents, i.e., microorganisms that healthy individuals can 
harbor with no ill consequences but that cause disease in those with 
impaired immune function.   
 



Primary immunodeficiency 
 

May affect either the innate or the adaptive immune functions.  
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1. Innate immune system (Non-specific immunity)  

 - Elie Metchnikoff  (1908): Pathogens can be ingested and 
       digested by phagocytic cells – macrophages 

- Combat microorganisms without prior exposure 

2. Acquired immune system (Specific or adaptive immunity) 
 - Only occurs after exposure to pathogens 
- Lifelong protective immunity to reinfection 
 

The immune system consists of two  
major lines of defense 



Innate Immunity	
  	
  
(Vertebrates and Invertebrates) 

 
•  First line of defense - acting within a very short notice 

(minutes/hours) to protect the host. 
 
•  Resistance mechanisms are germline encoded - all elements 

exist throughout life span.  

•  Immunity which is not affected by prior exposure to 
infectious agents - No “memory”-stereotypic response. 

•  Antigen-“non-specific”: Broadly recognize molecules possessed 
by various classes of microbes  (bacterial cell wall 
components, bacterial DNA, glycoproteins/lipids).  



Pseudo-colored scanning electron micrographs of the phagocytosis of IgG-opsonized 
erythrocytes by a macrophage 

One major mechanism of the innate immunity is the ability  
of phagocytic cells to phagocytose (engulf) foreign particles, 

such as bacteria, and dead or damaged cells  
 
 
 
 
 
 
 
 
 
 
 
 
 

Macrophages phagocytose damaged red blood cells  
	
  



Acquired (or Adaptive) Immunity	
  	
  
(Exists only in Vertebrates) 

 
•  A more specialized type of immunity, which supplements the 

innate system.  
•  Healthy individuals are born with the capacity to mount an 

immune response to a foreign antigen, but specific immunity is 
acquired by contact with the invader.  

•  Contact with a foreign agent (immunization) triggers a chain 
of events leading to lymphocyte activation, which directly or 
indirectly react against the foreign agent. 

•  Immunity can be induced against microorganisms, and their 
products, but also against enumerable natural and synthetic 
compounds.  

•  The compound against which  
   the acquired immune system  
   responsd is termed antigen  
   (antibody generating).  

Lymphocyte	
  

RBC	
  



Acquired (or Adaptive) Immunity	
  	
  
(Exists only in Vertebrates) 

 
 
There are two major types of lymphocytes: 
 
B lymphocytes (B cells) are in charge of antibody (Ab) 
production.  
 
T lymphocytes (T cells) are in charge of killing virus infected 
cells, cancer cells and genetically incompatible cells of 
transplanted tissues and organs. 
 
Immunological memory reside  
within the lymphocytes. 
 

Lymphocyte	
  

RBC	
  



Inherited defects that interrupt hematopoiesis or impair functioning of 
immune-system cells result in various immunodeficiency diseases 

The figure demonstrates the overall cellular development in the immune system, showing the locations of defects that give 
rise to primary (and inherited) immunodeficiencies.  

Phagocytic deficiencies 
 
 
Humoral deficiencies	
  
	
  
	
  
Cell-mediated deficiencies	
  
	
  
	
  
Combined immunodeficiency	
  
	
  

Antibodies=Immunoglobulins 
Type of antibodies (Abs):  
IgG, IgM, IgA, IgE 10	
  



Most defects leading to primary immunodeficiency affect either the 
lymphoid or the myeloid cell lineage 

Myeloid cell lineage Lymphoid cell lineage 
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Antibodies=Immunoglobulins 
Type of antibodies (Abs):  
IgG, IgM, IgA, IgE 11	
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Congenital agranulocytosis results in the absence, reduced number or 
decreased function of myeloid cells 



Myeloid cell lineage Lymphoid cell lineage 

Phagocytic deficiencies 
 
 
Humoral deficiencies	
  
	
  
	
  
Cell-mediated deficiencies	
  
	
  
	
  
Combined immunodeficiency	
  
	
  

Antibodies=Immunoglobulins 
Type of antibodies (Abs):  
IgG, IgM, IgA, IgE 10	
  

Severe combined immunodeficiency (SCID) results in the absence, 
reduced number or decreased function of lymphocytes 



Defects in components early in the hematopoietic developmental  
program affect the entire immune system 

A Stem cell defect affects the maturation 
of all leukocytes, resulting in Reticular 
Dysgenesis, a primary immunodeficiency 
characterized by a rare genetic disorder 
of the bone marrow resulting in complete 
absence of granulocytes and decreased 
number of abnormal lymphocytes. 
Production of red blood cells 
(erythrocytes) and megakaryocytes 
(platelet precursors) is not affected. 
There is also poor development of the 
secondary lymphoid organs. 
Reticular dysgenesis is the most severe 
form of severe combined 
immunodeficiency (SCID). The cause of 
reticular dysgenesis is the inability of 
granulocyte precursors to form granules 
secondary to mitochondrial adenylate 
kinase 2 malfunction. 
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Defects in highly differentiated cells have consequences that  
are more specific and less severe 

Selective immunoglobulin A (IgA) 
deficiency (SIGAD) is a relatively mild 
genetic immunodeficiency. People with 
this deficiency lack IgA, a type of Ab that 
protects against infections of the 
mucous membranes lining the mouth, 
airways, and digestive tract. It is defined 
as an undetectable serum IgA level in the 
presence of normal serum levels of IgG 
and IgM. It is the most common of the 
primary Ab deficiencies (~1:340). 
People with SIGAD enjoy full life span 
troubled only by a greater than normal 
susceptibility to infections of the 
respiratory and genitourinary tracts. 

Selective IgA deficiency	
  



Some primary human immunodeficiency diseases and underlying genetic defects  

Antigen presenting 
 cell (APC)	
  

Tc cell	
  

Lymphoid	
  Immunodeficiencies	
  May	
  Involve	
  B	
  Cells,	
  T	
  Cells,	
  or	
  Both	
  
The	
  combined	
  forms	
  of	
  lymphoid	
  immunodeficiency	
  affect	
  both	
  lineages	
  and	
  are	
  generally	
  lethal	
  within	
  the	
  first	
  few	
  years	
  of	
  life;	
  these	
  arise	
  
from	
  defects	
  early	
  in	
  developmental	
  pathways.	
  They	
  are	
  less	
  common	
  than	
  condi<ons,	
  usually	
  less	
  severe,	
  that	
  result	
  from	
  defects	
  in	
  more	
  
highly	
  differen<ated	
  lymphoid	
  cells.	
  
B-­‐cell	
  immunodeficiency	
  disorders	
  make	
  up	
  a	
  diverse	
  spectrum	
  of	
  diseases	
  ranging	
  from	
  the	
  complete	
  absence	
  of	
  mature	
  recircula<ng	
  B	
  cells,	
  
plasma	
  cells,	
  and	
  immunoglobulin	
  to	
  the	
  selec<ve	
  absence	
  of	
  only	
  certain	
  classes	
  of	
  	
  immunoglobulins.	
  Pa<ents	
  with	
  these	
  disorders	
  usually	
  are	
  
subject	
  to	
  recurrent	
  bacterial	
  infec<ons	
  but	
  display	
  normal	
  immunity	
  to	
  most	
  viral	
  and	
  fungal	
  infec<ons,	
  because	
  the	
  Tcell	
  branch	
  of	
  the	
  
immune	
  system	
  is	
  largely	
  unaffected.	
  Most	
  common	
  in	
  pa<ents	
  with	
  humoral	
  immunodeficiencies	
  are	
  infec<ons	
  by	
  such	
  encapsulated	
  bacteria	
  
as	
  staphylococci,	
  streptococci,	
  and	
  pneumococci,	
  because	
  an<body	
  is	
  cri<cal	
  for	
  the	
  opsoniza<on	
  and	
  clearance	
  of	
  these	
  organisms.	
  
Because	
  of	
  the	
  central	
  role	
  of	
  T	
  cells	
  in	
  the	
  immune	
  system,	
  a	
  T-­‐cell	
  deficiency	
  can	
  affect	
  both	
  the	
  humoral	
  and	
  the	
  cell-­‐mediated	
  responses.	
  The	
  
impact	
  on	
  the	
  cell-­‐mediated	
  system	
  can	
  be	
  severe,	
  with	
  a	
  reduc<on	
  in	
  both	
  delayed-­‐type	
  hypersensi<ve	
  responses	
  and	
  cell-­‐mediated	
  
cytotoxicity.	
  

WiskoG–Aldrich	
  syndrome	
  (WAS)	
  is	
  a	
  rare	
  X-­‐linked	
  recessive	
  disease	
  characterised	
  by	
  eczema,	
  thrombocytopenia	
  (low	
  platelet	
  count),	
  immune	
  
deficiency	
  and	
  bloody	
  diarrhea	
  (secondary	
  to	
  the	
  thrombocytopenia).	
  It	
  is	
  also	
  some<mes	
  called	
  the	
  eczema-­‐thrombocytopenia-­‐
immunodeficiency	
  syndrome	
  in	
  keeping	
  with	
  Aldrich's	
  original	
  descrip<on	
  in	
  1954.	
  The	
  WAS-­‐related	
  disorders	
  of	
  X-­‐linked	
  thrombocytopenia	
  
(XLT)	
  and	
  X-­‐linked	
  congenital	
  neutropenia	
  (XLN)	
  may	
  present	
  similar	
  but	
  less	
  severe	
  symptoms	
  and	
  are	
  caused	
  by	
  muta<ons	
  of	
  the	
  same	
  gene.	
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Defects in cell interaction and signaling can lead to severe immunodeficiency 

T cell	
   B cell	
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Several X-linked immunodeficiency diseases result from defects  
in loci on the X chromosome   

X-SCID is due to mutations occurring on the X-chromosome. Most often, these diseases affect males 
whose mother is a carrier (heterozygous) for the disorder. Because females have two X-chromosomes, the 
mother will not be affected by carrying only one abnormal X-chromosome, but any male children will have a 
50% chance of being affected with the disorder by inheriting the faulty gene. Likewise, her female 
children will have a 50% chance of being carriers for the immunodeficiency. 
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Treatment of patients with immunodeficiency 

There are no cures for immunodeficiency disorders. 
Treatment includes:  1. Replacement of a missing protein 

     2. Replacement of a missing cell type or lineage 
     3. Replacement of a missing or defective gene 

 
1.  For disorders that impair Ab production – treatment by administration of the missing 

proteins. Pooled human gammaglobulin given iv or sc protects against recurrent 
infection. Administration of IFN-γ is effective in CGD patients, IL-2 partially 
restores immune functions in AIDS patients, recombinant adenosine deaminase has 
been successfully administered to ADA deficient SCID patients.  

 
2.  T-cell-depleted bone marrow transplantation, hematopoietic stem cell (CD34+) 

transplantation.  

3.  If a single gene defect has been identified, as in ADA deficiency or chronic 
granulomatous disease,  replacement of the defective gene is an option. In clinical 
trials, CD34+ cells (from the patient) are isolated and transfected with a normal 
copy of the defective gene. The transfected cells are then  returned to the patient.  

 
19	
  



Experimental models of immunodeficiency 

The two best models for studying immunodeficiency in mice are the 
athymic  nude mouse and the severe combined immunodeficiency (SCID) 
mouse.  



Nude (athymic) mice  

Mice homozygous for the ‘nude’ trait (nu/nu) are hairless and have a vestigial thymus. 
Heterozygotic (nu/+) litter mates have hair and a normal thymus. The hairlessness and the 
thymus defects are either caused by the same defective gene, or by closely linked defective 
genes, which, although unrelated, appear together in this mutant mouse.  

Vestigial-pronunciation: “Vesťigiel”. Vestige or remnant, not	
  fully	
  developed	
  in	
  mature	
  animals.	
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Nude (athymic) mice  

Nude mice lack cell-mediated immune responses, and they are unable to make antibodies to 
most antigens.  
 
The immunodeficiency in the nude mouse can be reversed by a thymic transplant.  
 
Homozygous ‘nude’ (nu/nu) mice are very sensitive to infections (50% die within the first two 
weeks after birth). Therefore, they are maintained in sterilized containers, and supplied with 
sterilized food, water, and bedding. The cages are protected by air filters fitted over the 
individual cages.  
 
Because they can permanently tolerate allografts and xenografts, they have a number of 
practical experimental uses. For example, hybridomas or solid tumors from any origin 
(including human tumors) may be grown as ascites or as implanted tumors in a nude mouse.  
 



The nude mouse is valuable to 
research because it can receive many 
different types of tissue and tumor 
grafts, as it mounts no rejection 
response.  
 
These xenografts are commonly used 
in research to test new methods of 
imaging and treating tumors.  
 
The genetic basis of the nude mouse 
mutation is a disruption of the 
FOXN1 gene.  

Transplanted hair stem cells	
  



Severe combined immunodeficiency (SCID) mice 

There are two strains of mouse SCID: 
 
1.  One that was discovered accidentally, where the precursor of T and B 

cells are unable to differentiate into mature functional lymphocytes. 
They cannot respond by Ab formation or cell mediated immunity and 
must be kept in a very clean environment.     

2.  A second mouse strain was developed in the lab by ‘knock-out’ of the 
Rag1 and Rag2 genes, which are responsible for the rearrangement of 
immunoglobulin or T-cell–receptor genes in both B- and T-cell 
precursors. Because cells with abnormal rearrangements are eliminated 
in vivo, both B and T cells are absent from the lymphoid organs of the 
‘RAG knockout’ mouse.  
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Secondary immunodeficiencies 
(Acquired immunodeficiencies) 

 

•  Acquired hypogammaglobulinemia – unknown origin 

•  Cytotoxic drugs or radiation given to treat various forms of cancer 

•  Drugs used to combat autoimmune diseases, such as corticosteroids 

•  Immunosuppressive drugs provided to allotransplantation patients, 
     e.g., Cyclosporin A and FK506 
 
•  Viral infections - Human Immunodeficiency Virus (HIV) 
 
 



AIDS 

The	
  red	
  ribbon	
  is	
  a	
  symbol	
  for	
  solidarity	
  with	
  HIV-­‐posi<ve	
  people	
  and	
  those	
  living	
  with	
  AIDS.	
  



The most common immunodeficiency, AIDS, first discovered in the US  
in 1981, is caused by the infectious agent called ‘human 
immunodeficiency virus 1’ (HIV-1).  
 
The first patients displayed unusual infections, including the 
opportunistic fungal pathogen Pneumocystis carinii, which causes a 
pneumonia called PCP (P. carinii pneumonia) in persons with 
immunodeficiency. In addition to PCP, some patients had Kaposi’s 
sarcoma, an extremely rare skin tumor. 

 
In the year 2000, AIDS killed approximately 3 million people. 
HIV continues to spread to an estimated 15,000 individuals per day. 
 

AIDS, Acquired Immunodeficiency Syndrome 
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The heavy line shows that the death rate per 100,000 persons caused by AIDS 
surpassed any other single cause of death in this age range during the period 1993 
to 1995. The recent decrease in AIDS deaths in the US is attributed to 
improvement in anti-HIV drug therapy, which prolongs the lives of patients. 

Rates of the leading causes of death in persons 
aged 25–44 in the US for the years 1982–99 



(a) Following entry of HIV into cells and formation of dsDNA, integration of the viral DNA into 
the host-cell genome creates the provirus.  
 

Overview of HIV infection of target cells and activation 
of provirus 



(b) The provirus remains latent until events in the infected cell trigger its activation  
(e.g., inflammatory response), leading to formation and release of viral particles.  

Overview of HIV infection of target cells and activation 
of provirus 



(c) Although CD4 binds to the envelope glycoprotein of HIV-1, a second receptor is necessary 
for entry and infection. The T-cell–tropic strains of HIV-1 use the co-receptor, CXCR4, while 
the macrophage-tropic strains use CCR5. Both are receptors for chemokines, and their normal 
ligands can block HIV infection of the cell. 

Overview of HIV infection of target cells and activation 
of provirus 

SDF-­‐1:	
  Stromal	
  cell-­‐derived	
  factor-­‐1	
  
RANTES:	
  regulated	
  and	
  normal	
  T	
  cell	
  expressed	
  and	
  secreted	
  
MIP-­‐1	
  alpha:	
  Macrophage	
  inflammatory	
  protein	
  1	
  alpha	
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Once the HIV provirus has been activated, buds representing newly formed 
viral particles can be observed on the surface of an infected T cell. The 
extensive cell damage resulting from budding and release of virions leads to 
the death of infected cells.  

[Courtesy	
  of	
  
R.	
  C.	
  Gallo,	
  1988,	
  J.	
  Acquired	
  Immune	
  
Deficiency	
  Syndromes	
  1:521.]	
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hGp://www.cell.com/cell_picture_show-­‐hiv	
  

T cells counter HIV transmission using a surprisingly simple trick: they tie the virions to the cell membrane 
with an intermembrane protein, appropriately name "tetherin." When a virion buds from the cell surface, 
one tetherin domain inserts into the new viral membrane, while another domain stays embedded in the cell's 
plasma membrane, preventing the virus particle from diffusing away. 
 
False-colored image of HIV virus particles (yellow and purple) budding from a human T cell (blue) in cell 
culture. Ultrathin section (80 nm) was imaged with a TEM at 20,000x magnification. 
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Soon after infection, viral RNA is 
detectable in the serum. However, HIV 
infection is most commonly detected by 
the presence of anti-HIV antibodies 
after seroconversion, which normally 
occurs within a few months after 
infection. Clinical symptoms indicative 
of AIDS generally do not appear for at 
least 8 years after infection, but this 
interval is variable.  
 
The onset of clinical AIDS is usually 
signaled by a decrease in CD4+ T-cell 
numbers and an increase in viral load. 

Serologic profile of HIV infection showing three 
stages in the infection process 

.	
  [Adapted	
  from	
  A.	
  Fauci	
  et	
  al.,	
  1996,	
  Annals	
  Int.	
  Med.	
  124:654.] 



Production of virus by CD4+ T cells and maintenance of a 
steady state of viral load and T cell number  

(a)	
  A	
  dynamic	
  rela<onship	
  exists	
  between	
  the	
  number	
  of	
  CD4+	
  T	
  cells	
  and	
  the	
  amount	
  of	
  virus	
  produced.	
  As	
  virus	
  is	
  
produced,	
  new	
  CD4	
  cells	
  are	
  infected,	
  and	
  these	
  infected	
  cells	
  have	
  a	
  half-­‐life	
  of	
  1.5	
  days.	
  In	
  progression	
  to	
  full	
  AIDS,	
  the	
  
viral	
  load	
  increases	
  and	
  the	
  CD4+	
  T-­‐cell	
  count	
  decreases	
  before	
  onset	
  of	
  opportunis<c	
  infec<ons.	
  	
  
(b)	
  If	
  the	
  viral	
  load	
  is	
  decreased	
  by	
  an<-­‐retroviral	
  treatment,	
  the	
  CD4	
  T-­‐cell	
  number	
  increases	
  almost	
  immediately.	
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Infection of cells by a wide range of viruses occurs predominantly 
via receptor-mediated endocytosis, the same mechanism used by 
cells to endocytose essential nutrients, hormones, growth factors, 
neurotransmitters and antigens.  

Can mice serve as a model system for studying 
infection by HIV, the causative agent of AIDS? 



Receptor mediated endocytosis 
A mechanism by which selected macromolecules are taken up by cells following their 
specific binding to complementary transmembrane cell surface receptors. 

Example:  

1. The cholesterol is transported in blood complexed to protein in low density lipoprotein 
(LDL) particles.  

2. LDL binds to receptors on 
cell surface. 

3. Complexes of LDL plus 
receptor are taken up by 
endocytosis and delivered to 
endosomes. 

4. Within endosomes, LDL 
and receptor dissociate. 

5. LDL is transferred to 
lysosome, degraded and 
cholesterol is released into 
cytosol. 

Cholesterol and lipids are hydrophobic. They do not dissolve in aqueous solution 
(in the blood) and are therefore being delivered to cells in large particles coated by phospholipids and a 
protein (ApoB), which are hydrophilic. Binding of the LDL (via ApoB) to the LDL receptor initiates 
endocytosis of the particle.    
Similar mechanism operate for ferrotransferrin delivery to cells. (also, antigens, growth factors (EGF), 
etc.) 



The assembly of the coat introduces curvature into the membrane, which leads in turn to 
the formation of uniformly sized coated buds.  
The adaptins bind both clathrin triskelions and membrane-bound cargo receptors, 
thereby mediating the selective recruitment of both membrane and cargo molecules into 
the vesicle. The pinching-off of the bud to form a vesicle involves membrane fusion; this 
is helped by the GTP-binding protein dynamin, which assembles around the neck of the 
bud. The coat of clathrin-coated vesicles is rapidly removed shortly after the vesicle 
forms.  

The assembly and disassembly of a clathrin coat 
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0.1 Micrometer 

Receptor-mediated Endocytosis  

Shallow pit in plasma membrane, coated with clathrin                                  Pit deepens 
  

(cytoplasm) 

(extracellular fluid) 

coated 
pit 

protein 
coating 

extracellular particles 
bound to receptors 

plasma membrane 

Pit deepens further and begins to pinch off                                                   The pit becomes a coated vesicle 

Coated vesicle 

 
	
  a  

	
  b 

 
	
  c  

	
  d 

Molecular Biology of the Cell, Alberts, et al., 4th Ed., Fig. 13.41 



In order for a virus to successfully infect a host cell, the cell must contain a 
specific receptor to which the virus binds in the process of initiating an infection. 
The part of the virus that binds to the receptor is called ligand. The ligand is on 
the capsid of naked viruses and on the envelope of enveloped viruses. Virus binding 
to a surface receptor is followed by entry into the cell by a mechanism of receptor-
mediated endocytosis. 
 
 

Viral entry into cells by a mechanism of receptor-
mediated endocytosis  



Human Immunodeficiency Virus (HIV) 

The HIV possesses two envelope glycoproteins that serve as ligands: gp120 (1st ligand) 
binds CD4 (receptor) and gp41 (2nd ligand) binds CXCR4 or CCR5 (co-receptors). 
 
Therefore, HIV can infect only human cells that express CD4 and CXCR4 or CCR5 
receptors on their surface (predominantly T cells).	
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Human Immunodeficiency Virus (HIV) 

In order for a virus to successfully replicate in a host cell, the host cell must 
contain a surface receptor for the virus, and must have a cellular machinery that 
is required for the viral replication. 
 
If the virus successfully replicates in the host cell, the infection is productive 
and the host cell is said to be permissive for the virus. 
 
When a cell lacks some components required for viral replication, the infection is 
abortive or non-productive and the host cell is considered to be non-permissive 
for the virus. 
 
Apparently, the CD4 receptor on the surface of mouse Th cells is not permissive 
for HIV binding. Furthermore, heterologous expression of the human CD4 on 
mouse T cells enables HIV entry into the cells, but the cells are not permissive 
for viral replication. 	
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SCID MICE 

SCID mice are very useful in many types of  
studies, including the infection by HIV. 
 
Immune precursor cells from human sources may be used to reestablish 
the SCID mouse’s immune system. These human cells can develop in a 
normal fashion and, as a result, the SCID mouse circulation will contain 
T and B lymphocytes and immunoglobulins of human origin. In one 
important application, these SCID mice are infected with HIV-1.  
 
Although normal mice are not susceptible to HIV-1 infection, the SCID 
mouse reconstituted with human lymphoid tissue (SCID-Hu mouse) 
provides an animal model in which to test therapeutic or prophylactic 
strategies against HIV infection of the transplanted human lymphoid 
tissue.  
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Genetic organization of HIV and functions of encoded proteins  

Gene<c	
  organiza<on	
  of	
  HIV-­‐1	
  (a)	
  and	
  func<ons	
  of	
  encoded	
  proteins	
  (b).	
  The	
  three	
  major	
  genes—gag,	
  pol,	
  and	
  env—encode	
  
polyprotein	
  precursors	
  that	
  are	
  cleaved	
  to	
  yield	
  the	
  nucleocapsid	
  core	
  proteins,	
  enzymes	
  required	
  for	
  replica<on,	
  and	
  
envelope	
  core	
  proteins.	
  Of	
  the	
  remaining	
  six	
  genes,	
  three	
  (tat,	
  rev,	
  and	
  nef	
  )	
  encode	
  regulatory	
  proteins	
  that	
  play	
  a	
  major	
  
role	
  in	
  controlling	
  expression;	
  two	
  (vif	
  and	
  vpu)	
  encode	
  proteins	
  required	
  for	
  virion	
  matura<on;	
  and	
  one	
  (vpr)	
  encodes	
  a	
  
weak	
  transcrip<onal	
  ac<vator.	
  The	
  5	
  long	
  terminal	
  repeat	
  (LTR)	
  contains	
  sequences	
  to	
  which	
  various	
  regulatory	
  proteins	
  
bind.	
  The	
  organiza<on	
  of	
  the	
  HIV-­‐2	
  and	
  SIV	
  genomes	
  are	
  very	
  similar,	
  except	
  that	
  the	
  vpu	
  gene	
  is	
  replaced	
  by	
  vpx	
  in	
  both	
  of	
  
these.	
  



Inhibit reverse 
transcriptase 

Inhibit 
integrase  

Inhibit 
protease  

Inhibit viral "
attachment "
to host cell"

Strategies for inhibition of HIV infection and replication 
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Some anti-HIV drugs in clinical use 

Treatment	
  consists	
  of	
  high	
  ac<ve	
  an<retroviral	
  therapy	
  (HAART),	
  which	
  slows	
  progression	
  of	
  
the	
  disease	
  



 Vaccine development against HIV is difficult to make: 
 
•  Unlike other common vaccines, an HIV vaccine cannot consist of attenuated, 

actively replicating (live) HIV, due to possible reactivation. 
 
•  Killed whole virus (like the polio vaccine) might also be dangerous because some 

viral particles may still remain alive. Furthermore, a killed whole virus vaccine 
worked poorly in animal studies. 

•  Classical vaccines mimic natural immunity. They are efficient against reinfection 
and are observed in recovered individuals. However, there are no individuals who 
recovered from AIDS. 

•  Most vaccines provide long-term protection from viruses that change very little 
over time. The HIV mutates at a very rapid rate and therefore newly formed 
mutants can successfully evade immunity.  

•  We have never before attempted to develop a vaccine against a retrovirus like 
HIV. Retroviruses, by integrating their genome into ours, are able to hide 
completely from immune surveillance within quiescent lymphocytes. This means 
that any vaccine would have a small ‘window’ of opportunity to prevent infection 
and would have to be extremely effective, repelling all attempts by HIV to 
attach to and infect host cells. 

 
•  Most vaccines  protect against the disease, not against infection. HIV infection 

may remain latent for long periods before causing AIDS. 

•  CD8 cellular vaccines do not block infection because they act at too late a stage, 
so, if they worked, would do so by reducing the viral load in chronic infection. 
They would not necessarily reduce the peak level of viremia in the early burst of 
viral reproduction and might not control infections transmitted by people in 
acute infection. 

•  There were successful vaccines that use subunits of viruses such as individual 
proteins: an example was the hepatitis B vaccine. However, medical science was 
less experienced with them. 

 
•  There is no truly useful small animal model for studying HIV infection and 

vaccines had to be developed in monkeys using SIV or the artificial monkey/
human virus SHIV in monkeys, which did not have exactly the same immune 
effects as HIV. 

•  We do not know with certainty which immune response will provide protection; 
this is a major problem. Pre-efficacy studies of vaccines in monkeys and humans 
used correlates of immunogenicity such as CD8 cell response, but we do not know 
whether this immune response is in fact a correlate of efficacy. 

•  HIV produces viral proteins such as tat and vif that actively interfere with what 
would otherwise be a potent anti-HIV response in both infected and uninfected 
cells. 

•  HIV is capable of developing immunity to the CD8 cellular response.  
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(Another known 
retrovirus is HTLV-1) 	
  



Image:	
  False-­‐colored	
  image	
  of	
  two	
  HIV	
  virus	
  par<cles	
  budding	
  from	
  a	
  human	
  T-­‐cell	
  (cell	
  culture)	
  (green);	
  imaged	
  acquired	
  with	
  a	
  TEM	
  (Zeiss	
  CEM	
  
902)	
  at	
  20,000x	
  magnifica<on	
  on	
  nega<ve	
  film	
  (not	
  digital).	
  The	
  mature	
  par<cle	
  (right)	
  has	
  a	
  condensed	
  core	
  inside	
  the	
  virus	
  shell,	
  whereas	
  the	
  
capsid	
  protein	
  is	
  s<ll	
  associated	
  with	
  the	
  viral	
  membrane	
  in	
  the	
  immature	
  mature	
  par<cle	
  (len).	
  

HIV-­‐1's	
  structural	
  proteins	
  are	
  derived	
  from	
  the	
  Gag	
  polyprotein,	
  which	
  associates	
  with	
  the	
  inner	
  viral	
  membrane	
  during	
  budding.	
  To	
  become	
  an	
  
infec<ous	
  virion,	
  the	
  nascent	
  HIV	
  par<cle	
  must	
  first	
  "mature."	
  The	
  viral	
  protease	
  cleaves	
  Gag	
  to	
  generate	
  a	
  new	
  set	
  of	
  proteins:	
  MA	
  ("matrix")	
  
remains	
  associated	
  with	
  the	
  viral	
  membrane,	
  NC	
  ("nucleocapsid")	
  coats	
  the	
  viral	
  RNA	
  genome,	
  and	
  CA	
  ("capsid")	
  assembles	
  into	
  the	
  conical	
  
capsid	
  that	
  surrounds	
  the	
  genome	
  and	
  its	
  associated	
  enzymes	
  (reverse	
  transcriptase	
  and	
  integrase).	
  

False-colored image of two HIV virus particles budding from a cultured human T-cel (green). 
Image acquired with a TEM at 20,000x magnification. The mature particle (right) has a 
condensed core inside the virus shell, whereas the capsid protein is still associated with the 
viral membrane in the immature particle (left). 


