Part IV — Paxton’s Results

. Below are Paxton’s results (from Figure 1 of his paper). The graphs produced in the top part come from
control individuals (each graph represents the results of experiments performed using cells from one person)
(Note: LP = Leukopac Preparation, or blood obtained from random blood donors; LW = Laboratory Work-

ers, i.c., people working in the lab). The bottom graphics show 10 selected results from people claiming to

be prorccted against HIV infection (Note: EU = Exposed Uninfected individuals).

The filled circles (s) represent the results of experiments in which HIV was incubated with T helper cells, and
the empry circles (o) represent experiments where HIV + T helper cells + cytotoxic T cells were mixed in the

test tube.
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Figure 1 from: Paxton et al. (1996). Reprinted with permission of Macmillan Publishers Led: Nature Medicine, copyright 1996.

Questions
Do cytotoxic T cells provide protection from HIV in control individuals?

T

2. Try to identify patterns in the results. Can the individual experiments performed using cells from
protected individuals be grouped into categories? If so, how many? Classify each subject into the
different categories.

3. Compare these results with what you had predicted in the previous section.

a. Are the results of the controls as you expected?
b. Which of Paxton’s hypotheses seem to be validated by the results of the protected individuals? Why?

c. What do you make of EU1? How do you account for his unusual response?
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. PartV — The “Super T Helper Cell” Mechanism

From the results of this experiment, it is apparent that EUT has either been lucky so far, or exhibits a mode
of protection not anticipated by Paxton’s team. EUz and EU3 do not appear to be infected by the HIV virus
at all (“Super T Helper Cells”). The remaining protected individuals exhibit different degrees of infection
with very active cytotoxic T cells to slow down the progression of new infections (“Super Cytotoxic T Cells”).

Paxton’s team was particularly interested in protected subjects EU2 and EU3 and in investigating the
mechanism of action of their protection against HIV. To investigate this, they performed an experiment
where they mixed purified T helper cells from control or protected individuals with different strains of
HIV-1. The goal was to determine whether all HIV-1 strains could infect the T helper cells from protected
individuals. HIV-1, the most common form of the virus and the one responsible for the pandemic, can be

classified into two different types:
» M-tropic (also called non—syncitia-inducing (NSTI) or Rg HIV-1) strains, and

* T-tropic (also called syncitia—inducing (SI) or X4 HIV-1) strains.
This turned out to be a very informative experiment. About the same time, two other papets were published

that clarified some of the differences between these two strains of virus.
« M-tropic HIV-1 strains must bind to two cell surface proteins to enter and infect a cell (Dragic etal., 1 996):

o the CD4 protein and
o the beta-chemokine receptor CCRS.
» Converscly, T-tropic HIV-1 strains use slightly differenc proteins to enter and infect a cell (Feng eral., 1996):

o the CD4 protein as well as
o the alpha-chemokine receptor CXCR4 (at the time called fusin).

Armed with this information, we can look back at the experiment performed by Paxton’s team and
investigate whether CD4, CCRs, CXCR4, or another protein is mutated and “different” in individuals that

are protected against HIV.

Here is the design of this experiment:
¢ In one tube: Mix HIV-1 (T-tropic strain) + T helper cells from a control person.
* In another tube: Mix HIV-1 (T-tropic strain) + T helper cells from a protected person.
* Monitor the appearance of p24 in the test tube (i.e., production of new virus) over time.

* In one tube: Mix HIV-1 (M-tropic strain) + T helper cells from a control person.
* In another tube: Mix HIV-1 (M-tropic strain) + T helper cells from a protected person.
* Monitor the appearance of p24 in the test tube (i.e., production of new virus) over time.

Questions
1. Let’s assume thar protected individuals have an altered CD4 protein (a mutation in the CD4 gene)
compared to controls that renders the protein unrecognizable by gp120. Use the graphs below to draw
the results you expect to obtain from the above- mentioned experiment. Remember that each graph
should have two lines, and review which proteins are required for infection by the two strains.
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Let’s assume that protected individuals have an altered CCRs protein (a mutation in the CCRy gene)
compared to controls. Use the graphs below to draw the results you expect to obtain from the above- .

mentioned experiment. Remember that each graph should have two lines, and review which proteins

are required for infection by the two strains.
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Let’s assume that protected individuals have an altered CXCR4 protein (a mutation in the CXCR4

3.
gene) compared to controls. Use the graphs below to draw the results you expect to obtain from the
above-mentioned experiment. Remember that each graph should have two lines, and review which
proteins are required for infection by the two strains.
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. Part VI - Why Some People are Protected Against HIV

Here are Paxton’s results from this

experiment. The filled circles (¢) represent a _ " nesr il
results using T helper cells from controls, E w
and empty circles (o) using T helper cells ..? -
o gh X
from protected individuals. The letters and Mtopic > *
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" G RBH Figure 4 from: Paxton ez 4l. (1996). Reprinted with permission

of Macmillan Publishers Led: Nature Medicine, copyright 1996.

. Questions

1. Infection:
a. Which strain(s) of HIV-1 can infect and replicate in the T, cells of protected individuals?

b. Which co-receptor is used by this strain(s) of HIV-1 to infect these cells?

2. No infection:
a. Which strain(s) of HIV-1 can not infect and replicate in the T, cells of protected individuals?

b. Which co-receptor is used by this strain(s) of HIV-1 to infect the cells?

3. Which of your theorized graphics do the results most resemble?

4. Based on this information, wha is the mechanism of HIV protection in EU2 and EU3?

5. Are these people protected against all forms of HIV out there? What are the implications?

. - . ~ - - »
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. Part VIl — Societal Implications of HIV Protection

Since this study, much has been learned about the mechanisms of protection against HIV. Here are some highlights.

“Super T Helper Cells”
In sexually rransmitred HIV, the M-strain HIV-1 is the infectious agent 90% of the time (Ahmad, 2002).
Thus, in most infections, the CD4 and CCRs proteins are used by HIV to gain entry into T, and infect the

person.

Most of the individuals that are resistant through a “Super T Helper Cells” mechanism harbor the same
mutation in their CCRs gene. This is a deletion of 32 nucleotides that causes a frameshift in the reading
sequence (Liu et al., 1996). Consequently, the cells of these individuals harbor no functional CCRs

protein, This does not appear to have any effect on the health of individuals. Since this mutation is found
prcdominantly in populations of European decent, and since the mutation is first thought to have appeared
in the population around 700 years, it has been hypothesized that the mutation confers resistance to Yersinia
pestis, the infectious agent of the bubonic plague (Marrinson et al., 1997). Others have suggested that the
CCR§ mutation confers resistance to smallpox, and others still that chis allele has spread in the population
through neutral evolution (Sabeti ct al., 2005). In populations of northern European descent, the frequency
for CCR5A32 homozygous individuals is 1-3%, for heterozygotes it is about 14%, and for homozygote wild-
type it is 83% (Sampson et al., 1996; Martinson et al., 1997).

Recent studies have shown that individuals homozygous for the CCRs mutation are more prone to West
Nile Virus infection (Glass et al., 2006). In addition, the lack of CCRs protein makes mice more prone to
hepatitis infection (Jefferys, 2006). These findings suggest that CCRs might have a role in fighting other

. types of infections. This is an interesting finding, particularly in light of the fact that some experimental HIV
therapies try to inhibit the expression of the CCRs protein in healthy individuals.

As you probably have guessed from your answer to the questions in the previous section, some homozygous
CCRsA32 individuals have tested positive for HIV infection (Biti et al., 1997; O’Brien et al., 1997).

Question

1. Itis a relatively simple procedure to test the genotype of a person at the CCRs gene to determine
whether they have the CCRsA32 mutation. Should a person wishing to have their genotype tested be
allowed to do so? What are the arguments for and against genotype testing of the CCRs gene?

“Super Cytotoxic T Cefls”

Looking back to Figure 1 of Paxton’s paper (Part IV of this case study), it seems that subjects EUs, 9, 11,
12, 17, 19, and 23 remained HIV negative despite repeated exposed to the virus by a mechanism that did
not involve “Super T Helper Cells.” In fact, starting in the early 1990s, there were reports of an exposed
child, health care workers, and Kenyan prostitutes, all of which sustained repeated exposure, but who
remained uninfected (Rowland-Jones et al., 1993; Pinto etal., 1995; Rowland-Jones et al., 1998). While
luck may have played a part, the studies revealed that such individuals had unusual HIV-specific cytotoxic

T cell activity. In fact, in the case of the immune Nairobi sex workers, it seems that their T . are more active,
respond to different signals, and are involved in the production of more interferon molecules than normal
(Kaul et al, 2000; Kaul et al., zoo1a; Kebba et al., 2004; Alimonti et al., 2006). Interferons are proteins
released by an infected cell to warn other cells of the infection. The warned cells then take defensive measures
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to protect themselves against infection. Similar results were found in studies of intravenous drug populations %
and partners of HIV-infected individuals (Biasin et al., 2000; Makedonas et al., 2002; Lo et al., 2003; John \
et al., 2004). Interestingly, it scems that repeated exposure is required for this form of immunity and that it

is reduced when uninfected individuals reduce the frequency of their risky behavior (Kaul et al., 2001b; Yang

et al., 2002).

Question

This mechanism of protection against HIV seems to rely on continued exposure to maintain the
immunity. However, the mechanisms causing the protection are not well understood and despite
relative immunity these people could still be infected. What would you recommend to a person
engaged in high risk activity that appears to exhibit protection against HIV-1? What leads you ro make

2.

these recommendations?

“Super B Cells and Antibodies?”

The body’s first line of defense against HIV are the antibodies secreted in the mucosal surfaces (mouth,
vagina, urcthra). HIV-specific antibodies have been isolated in the mucus of resistant individuals engaged in
oral, vaginal, or anal sex with HIV-infected individuals (Hitbod e al., 2008; Hasselrot et al., 2009). Control
subjects did not produce this antibody response in their secretions. These antibodies appear to recognize and
inactivate HIV virus in a test tube. Whether these antibodies help protect the uninfected individuals is an

active area of study.

Questions
3. A recent article in a popular science magazine (Wallace, 2009) reported on the study that uninfected .\
partners of HIV-infected men who practice oral sex have higher levels of HIV-specific antibodies in
their saliva, The title and subritle of the articles were: “HIV resistance through oral sex: A new study
suggests that repeated exposure can help produce resistant antibodies.” Discuss the accuracy of this
title. Does it represent what’s known about this field of investigation appropriately? Why or why not?

What sort of effects might this title have in our society?

In biology, the terms “resistance” and “immunity” have different meanings. Resistance is a pre-
existing mutation in an organism that confers protection against a threat or challenge such as a virus.
“Resistance” is used in the same manner as “antibiotic-resistance” in bacteria. “Immunity” refers to

an active response of the immune system to the challenge of foreign particles that confers protection
upon the organism. You have investigated many forms of protections against HIV. Which of these
constitute resistance and which of them constitute immunicy?

4.
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