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Biology 257 Immunology Fall 2005 Final Exam Answer Key

1. (35 pts total) In this month'sissue of the Joumd of Clinical Investigation, J. Kolls and coworkers
describethe development of DNA vaccines to hdp reduce oppotunistic infectionsin
immunosippressed paients. Thar vaccines are designed to fightinfection by thefungd pahogen
Pneumocystis (PC), which can cause severe pneumonia. In fact, Pneumocystis pneumoniais oneof the
clinical conditionsused to diagno® AIDS (acquired immunodéiciency syndrome).

a) (4 pts) Why does HIV infection cause severe immunodeficiency? Make sure to include which
cell type(s) are affected and why these cell(s) are crucial to a robust immune response.

HIV infects both helper T cells (CD4+) and macrophages. Since HIV infection leads to the death
of helper T (TH) cells and TH cells are critical for the activation of cytotoxic T lymphocytes
(CTLs), B cells and innate immune system cells, CD4+ TH cell death has a global inhibitory
effect on the immune system.

Kolls and coworkers have developed two DNA vaccines. One plasmid encodes the PC protein kexin,
which they have shown to bea major PC antigen recognized by mammalian immunesystems. The
second plasmid has both the PC kexin geneand a mous genetha encodes CD40 ligand. Strong
conditutive promoters drive the expression of both genes, so all cells tha take upthe DNA should
express high levels of the geng(s) on the plasmid.

Ther expeimental protocol is shown schematically in Figure 1. Three intramuscular injectionsof the
DNA vaccineare given at three-week intervals (Day 0-42). In ther first experiment (Fig. 2), three
days before starting vaccination they treat the mice with an anti-CD4 antibodyraised in rats (GK1.5) or
total IgG2bfromanaverat (control Ab). After the third vaccinaion, they draw bloodfromthemice
and measure thetiter of anti-PC antibodies by ELISA, usng plates coated with proteinsfrom PC.
These results are shown in Figure 2.

b) (4 pts) Draw a three- or four-step diagram to show how their ELISA allows them to detect
anti-PC antibodies. Which step is different when they are measuring IgG1 vs. IgG2a and why?
1) Add serum to PC antigen-coated well, allowing binding of anti-PC antibodies.

2) Add enzyme-linked anti-mouse IgG secondary antibody to bind to the Fc portion of the anti-
PC antibodies.

3) Add substrate, which
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antibody needs to bind to the Fc¢ portion either of IgG subtype 1 or of IgG subtype 2a, which have

different Fc domains.
¢) (4 pts) What effect would the injection of GK1.5 have on the immune system of the mice and why?

Injecting an anti-CD4 antibody would lead to the destruction (or inactivation) of CD4+ helper T
cells. By binding to these cells, GK1.5 could target the cells for destruction by opsonizing to
attract phagocytic cells like macrophages or by binding to complement proteins, which would
lyse the cells. The Ab also might block the ability of CD4 on helper T cells to bind to MHC class
IT molecules to activate the T cell.



1d) (4 pts) When they use a plasmid containing only Kexin, what effect does GK1.5-treatment
have on the titer of anti-PC antibodies (compare samples 2 and 3 in Fig. 2)? Explain why this
result makes sense.

Pretreatment with GK1.5 results in much lower Ab titers, indicating lower B-cell activation.
This result is consistent with helper T cell-dependent B-cell activation leading to a much more
robust Ab response than T cell-independent B-cell activation (given coactivating signals and
cytokines provided to B cells by helper T cells).

When mice have been pre-treated with the GK 1.5 antibody, the addition of CD40 ligand to thekexin
DNA vaccine significantly increases the antibodytiter (compare samples 1 and 2 in Fig. 2).

e) (2pts) What is the normal role of CD40 ligand in the immune system?

CD40L on helper T cells binds to CD40 on the surface of B cells and sends a second signal for B-
cell activation.

f) (4 pts) Explain why adding CD40L to the kexin vaccine plasmid could increase the anti-PC
antibody titer in GK1.5 mice.

The cell that took up the DNA plasmid could provide the CD40L second signal for stronger B-cell
activation that is normally provided by helper T cells (although it couldn't provide the cytokines
that are not available due to helper T cell removal).

g) (3 pts) Why do you think the positive effect of adding the CD40L gene is not as extreme when
mice were treated with the control antibody (compare samples 3 and 4 in Fig. 2)?

The control Ab-treated mice still have helper T cells, so the extra signaling for B-cell activation
can be provided by helper T cells.

h) (2 pts) Why would the result described in (f) be particularly exciting to HIV+ individuals?

HIV+ individuals have low TH cell counts and therefore a T-cell-independent mechanism to
boost Ab production would be very helpful for helping increase their resistance to opportunistic
infection by PC.

To test the efficacy of thevaccine, after the three roundsof vaccinaion mice were infected with live
PC cellsand ther lungtissuewas tested for levels of PC amonth later. PC levelsin Kexin-only
vaccinated mice were only dightly lower than those in unvaccinaed control mice, whereas PC levelsin
Kexin/CD40L vaccinaed mice were close to 1000times lower than in control mice!

Next they tested how effective the antibodies elicited by thevaccinearein an in vitro assay for PC
killing. Thar experimental designis described onthe next page and ther results are shown in Fig. 3.
1. PC cellswere incubaed with serum from unvaccinaed or vaccinaed mice.

2. Macrophayes were isolated from untreated mice and incubaed with the PC cells from step 1.

3. Living PC cellswere quantified after 16 h to determinethe percent PC cells killed by the
macrophayes.
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1i) (4 pts) Draw a picture that explains what is happening in this
assay including at least 3 key molecules. Given that serum from
vaccinated mice increases macrophage Killing of PC, what can we
hypothesize about where the kexin protein is normally located?

The kexin molecule should be on the surface of the fungal cells so
that anti-kexin Ab can access it and opsonize the cells for
phagocytosis.




J) (4 pts) How would the kexin/CD40L vaccine compare to a Kkilled whole PC vaccine? Give at
least one advantage each type of vaccine has over the other type.

The kexin/CD40L DNA vaccine would allow T-cell-independent B-cell activation whereas the
killed whole PC vaccine would rely on B-cell presentation of PC peptides to helper T cells for
robust B-cell activation. In contrast, a killed whole PC vaccine would allow the activation of B
cells that bind to numerous PC proteins and therefore a greater variety of antibodies should be

available to fight PC infection.

2. (15 pts) You are fascinated by thepossibility of usng antibodies to address medical chdlenges
induding allergies and autoimmunity. Y oudecideto tackle theseissuesin alphébetical order.

First you produe a monodond 1gG1 antibodytha recognizes therabbit Fc! receptor (Fc! [1). You
take a portion of the antibody stock, digest it with pgoan and separate Fc and Fab fragments. Youthen
inject whole anti-Fc! R, Fc or Fab into arabbit allergy modd. Youfindtha onesample aleviates
alergic reactions another has no effect and thethird in fact worsensthe allergic reaction.

a) (5 pts) Which treatment (whole anti-Fc! R, Fc, Fab) do you expect to have which effect
(alleviating, no effect, worsening)? Explain your prediction (pictures may help).

whole anti-Fc! R-->

worse allergic reaction

The antibody could cross-link
the Fc receptor on mast cells
and cause degranulation even
without IgE present.
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anti-Fc! R Fab fragment-->
alleviates allergic reaction

The Fc fragment will not The Fab fragment will bind
be able to bind to the Fc receptor the Fc receptor on mast cells
on mast cells, so IgE can & block the binding of IgE,
still bind & cause degranulation. inhibiting degranulation.

anti-Fc! R Fc fragment-->
no effect
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molecules from arabbit, digest a portion of this antibody stock with pgpan, separate Fc and Fab
fragments and perform the same expeariment. Yet agan, youfind tha onesample aleviates allergic
reactions another has no effect and thethird in fact worsensthealergic reaction.

2b) (5 pts) Which treatment (total IgE, Fc, Fab) do you expect to have which effect (alleviating,
no effect, worsening)? Explain your prediction (pictures may help).

total IgE-->
worse allergic reaction

The antibody could cross-link
the Fc receptor on mast cells
and cause degranulation even
without IgE present.
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IgE Fab fragment-->
no effect

The Fab fragment will bind
the Fc receptor on mast cells
& block the binding of IgE,
inhibiting degranulation.

IgE Fc fragment-->
alleviates allergic reaction

The Fc fragment will not
be able to bind to the Fc receptor
on mast cells, so IgE can
still bind & cause degranulation.

Falo

7 L
e
TR
I Wcs ;




A friend with a severe autoimmunedisease says that her dodor mentionad anew treatment involving
anti-1L-2 receptor antibody, but sheis wondeing whether this treatment might have severe side effects.

¢) (5 pts) Briefly explain why anti-IL-2R treatment might help a patient with an autoimmune
disease but why such a treatment could have severe side effects.

Binding of the cytokine IL-2 to the IL-2 receptor on the surface of T cells (and B cells) leads to
their proliferation. This binding could be blocked by binding of an Ab to the IL-2R, decreasing
proliferation of helper T cells involved in autoimmune responses. Unfortunately, overall
immunity would be compromised since all T cells require IL-2 for proliferation, not just those
involved in autoimmunity.

3. (38 pts) Intheintrodudionto apagper in 2004 Arjonaand Sarkar wrote:

"Acute and chronic ethanol consumption impairs the immune systemby causing specific defectsin the
cellular componerts of the innate immune regponse and by creaing increasedrisk and suscefibility to
infections ard carcer."

To undestand better the connection between ethanol and innae immunesystem fundion, they used
thdr rat system to compare levels and activity of key components of theimmunesystem in the spleens
of ethanol-fed animals or control animals. For two weeks before spleen harvest, animas were fed one
hourbefore the beginning of thedark cycle.

Theresults of two of thar first experiments are shown in Fig. 1.
a) (2 pts) Which cell type(s) in the spleen would express granzyme B?

cytotoxic T cells, natural Killer cells

3b) (5 pts) Briefly describe how they would detect levels of granzyme B protein in the spleen (4-5
steps).

1. Make protein lysate from spleen at different time points.
Separate proteins on an SDS-PAGE gel
Transfer proteins to a membrane
Probe membrane with anti-granzyme Ab and appropriate enzyme-linked secondary Ab
Develop blot (add substrate) and quantify bands (by densitometry)

A

¢) (3 pts) Briefly describe how they would detect levels of granzyme B mRNA in the spleen (~3
steps).

1. Reverse transcribe mRNA with an oligo dT primer
2. Perform PCR with granzyme B-specific primers
3. Visualize resulting DNA fragments and quantify bands (or use real-time PCR)

To test thecytolytic activity of NK cellsin thecontrol and ethanol-fed rats, they harvested splenocytes
and incubaed them with lymphoma cells tha had been loaded with *'Cr. Theresults are shown in Fig. 2.

d) (2 pts) What do they monitor to detect NK cytolytic activity (i.e. what are the raw data that
they convert to "lytic units?")?

They monitor release of *'Cr from the cells into the extracellular medium.



e) (5 pts) How does this assay differ from other *'Cr assays we have discussed? Explain one
hypothesis for why this assay should be specific for NK cell-mediated cytotoxicity.

Rather than using antigen-presenting cells as targets, which present peptides from a particular
protein to CTLs, lymphoma cells should be specifically lysed by NK cells since they are cancer
cells and may have lower levels of MHC class I on their surface.

f) (4 pts) The time of the peak in the control animals in this experiment is closer to the peak for
granzyme B protein levels than for the granzyme mRNA peak. Does this result make sense?
Why or why not?

Yes. NK cell killing is in part mediated by the granzyme B protein activating the apoptotic
caspase cascade in target cells. Therefore a peak in cytolytic activity would be expected to come
shortly after the peak in granzyme B protein, as is seen in Figs. 1 and 2, and not close to the
mRNA peak (since mRNA must be translated before granzyme can act).

g) (3 pts) What effect does ethanol have on granzyme expression? On NK cell activity?

Ethanol feeding decreases granzyme expression specifically at the peak in the circadian rhythm
of both mRNA and protein. In contrast, it decreases NK cell cytolytic activity at all but one time
point.

3h) (5 pts) The effect of ethanol on perforin expression was the same as the effect on granzyme
expression. Describe one hypothesis for why the effect of ethanol on NK cell activity is slightly
different than the effect on the expression of these proteins.

NK cells do not only use the perforin/granzyme pathway to Kill target cells. They also use
Fas/Fas ligand-induced apoptosis as well as tumor necrosis factor. Therefore, other killing
mechanism may also be compromised by ethanol exposure at times other than the exact peak in
granzyme expression.

Another group studying the effects of acohol onimmunesystem fundion foundtha ethanol treatment
of cultured cellsinhibited proteasome function.

i) (3 pts) What is a main function of proteasomes in immune system function?

Proteasomes digest intracellular proteins and the peptides from this digestion are transported to
the ER and prsented on MHC class I molecules, for eventual presentation to CD8+ CTLs.

J) (6 pts) Given your answer in (i), explain how ethanol inhibition of proteasome function could
also be involved in "creating increased risk and susceptibility to infections and cancer."

1. Infections

MHC class I presentation of viral and intracellular bacterial peptides is critical for recognition of
infected cells by CTLs, leading to killing of infected cells. Therefore less presentation would lead
to less effective control of infection.

2. Cancer

CTL recognition of altered self antigens or overexpressed self antigens as is found in some
cancers also requires MHC class I presentation for immune destruction of cancer cells.



