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INTRODUCTION: GLUTATHIONE AND THE REGULATION OF
SIGNAL TRANSDUCTION

Glutathione (GSH), the predominant intracellular thiol, is a cysteine-containing
tripeptide (1-glulamyl‘cysteinyl-glycine) found at relatively high concentrations (1-10
mM) in all eukaryotic cells. It plays a number of roles _th.at are crucial to cell survival

The NF-xB transcription factor was first identified as & nuclear factor that binds
to the enhancer of the kappa light chain® and was subsequently shown to greatly
increase HIV transcription and replication.” We have shown that intracellular thiols
mnpidlydepletedincerhincelltypabystimuhtion with tumor necrosis factor a

Thus, the transduction of the NF-xB activation signal generated by stimulation with
'l'NFaludcauinothercywkinupmceedswhenthiol levels are low and is decreased
or blocked when thiols are maintained at high levels.*

HIV replication would be expected to proceed more rapidly in immunosuppressed
lndividuahwbohaveintectianthuinduceinﬂammatoryraponm. Indeed, serum
levels of TNFa and other inflammatory cytokines are known to become progressively

*This work was supported by Genetics Department Funds (F. 1. T. Stasl) and NIH Granis
CA42509 and HDO1287.
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clevated,*'? whereas plasma thiol- and leukocyte-GSH levels are lower in HIV-infected
individuals. We hypothesize that inflammatory responses in HIV-infected individuals
shift the thiol/oxidant balance so that NF-xB activation and HIV transcription are
favored. The findings presented above prompted us to investigate the intracellular GSH

levels in B and T lymphocytes of HIV-infected individuals. Previous studies, using bulk -

biochemical assays to measure GSH, have shown that HIV* individuals have lower
cystine levels than uninfected controls in plasma,'’ GSH levels in lung epithelial lining
fluid,' and GSH in extracts from peripheral blood mononuclear cells (PBMC).®
Studies presented here, employing methods to study individual cells instead of bulk
assays, confirm and substantially extend these findings. We use multiparameter
fAluorescence-activated cell sorter (FACS) analyses 10 measure intracellular GSH levels
in PBMC subsets (T cells, B cells, and monocytes) from 123 HIV* individuals whose
clinical status ranges from asymptomatic to AIDS.

GSH LEVELS IN T CELLS FROM HIV-INFECTED INDIVIDUALS
’ ARE LOWERED

Rice ef al ' introduced the use of monochlorobimane (MCB) as a FACS-bued
measurement for intracellular GSH levels. MCB, which is nonfluorescent and readily

ing, in order to determine the
precise levels of GSH within defined subsets of PBMC.

Surprisingly, these measurements showed that there are distinct types of human
CD4* and CD8* T cells based on intracellular GSH levels."” Unlike in the mouse,
human T cells can be divided into high-GSH cells and low-GSH cells. Although the
relative proportion of these two classes varies considerably from individual to individ-
ual, the absolute GSH levels within these cells are highly conserved among individuals
(FiG. 1).

Analysis of GSH levels in T cells from 123 HiV-infected individuals reveals signifi-
cant differences from normals, The high-GSH T cells are sclectively lost (in both the
CD4* and CD8* T-cell subpopulations), a process that is already apparent in the early
stages of the disease (FiG. 2). Individuals in two uninfected control groups (25 at
random, healthy controls and 7 uninfected homosexual males (at risk-control)) have
similar GSH levels and always have high-GSH T cells (Fic. 3). Using the Mann-
Whitney U test, HIV* patients had significantly lower relative intracellular GSH than
the control groups in CD4* T cells (asymptomatic: 74% of normal, p = 0.0023; ARC:
67% of normal, p = 0.003; AIDS: 62% of normal, p = 0.0001) and CD8* T cells
(asymptomatic: 74% of normal, p = 0.001; ARC: 69% of normal, p = 0.003, AIDS:
66% of normal, p = 0.0001).

The selective loss of high-GSH T cells in HIV-infected individuals is further illus-
trated in FIGURE 4, which shows the intracellular GSH level at the 10th, 50th (median),
and 90th percentiles for CD4* and CD8* T cells in each individual, averaged for each
subject category. As the FIGURE shows, the 90th percentile values are much lower in
HIV-infected individuals, whereas the 10th percentile GSH-value does not change
significantly. Because the 90th percentile value is located within the high-GSH class in
uninfected individuals, the strong decline seen in this value for HIV-infected subjects
points to a selective loss of high-GSH T cells. By contrast, the relative constancy of
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the 10th percentile values indicates that cells in the low-GSH subset tend not to lose
GSH.

notmalization to a control subject is not required. For both CD4* and CD8* T cells,
the 90/10 ratio is significantly different at the 95% confidence level between normal
controls and asymptomatic HIV* individuals, and between ARC and AIDS patients.
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g @ g In fact, using this method, we detect a significant difference between asymptomatic
() 2 individuals and AIDS paticats (Scheffe F-test, 95% confidence level). ‘
@) The loss of the high-GSH T cells can be explained by & number of hypotheses, none
of which has been ruled out: (l)highGSHodhmmuitivetootherconditiom of the

HIV infections (e.g high TNFa levels) and selectively die; (2) the high GSH levels are
more dificult to maintain, especially under the oxidative stresses of opportunistic
infections or high TNFa levels, and the cells are converted into low-GSH cells; (3) the
denm'enendonoflhaecelhisnlmedbymenpectofthellwinfecﬁon.

The decline in GSH levels in the T cells of HIV-infected individuals does not appear
tobeditectlyrdnedtotheloaofcm(orcm)edk. inasmuch as there is no
correlation between the absolute number of cells remaining in either of these subsets
withtbeinuwdluhrkvdofGSHpaedLBymmﬂ.Mehnnm;eurehﬁm
r= O.SS)MMthlwehofGSHiae.dlpenon'sCD4andCDSoellc.bothin
HIV-infected individuals and in uninfected individuals.

GSH LEVELS AND CD20 EXPRESSION IN B LYMPHOCYTES
DURING HIV INFECTION

The most striking B-ccll abnormality in the HIV infection is the hypergammaglobu-
linemia present in over 90% of patients with AIDS." This increase in serum Ig consists

fluorescence. Left: uninfected control; middle: ARC

FIGURE 2. FACS analysis of intracellular GSH in CD4*
HIV-infected persons.
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FIGURE §. CD20 expression changes upon HIV infection and is correlated with intracellular
GSH fevel. Dual parameter plot of MCB fluorescence versus CD20 fluorescence (CD20 expres-
sion). Left: uninfected control; right: HIV-infected individual (representative example).
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JaqunN 12D almost primarily of IgG and IgA and is almost always polyclonal in nature, except

when'superseded by a monoclonal Ig as the manifestation of an evolving non-Hodgkin’s
lymphoma."* Concomitant with this hypergammaglobulinemia may be an increase in
autosntibody production and an increased incidence of circulating immune complexes.

In vitro manifestations of B-cell abnormalities are well-documented®?! and can be
summarized as follows: (1) increased number of circulating B cells spontaneously
secreting Ig; (2) decreased proliferative response of B cells to T cell-dependent (PWM)
and T cell-independent (SAC) mitogens (it is thought that the inability of B cclls in
AIDS to respond to mitogens is because they are maximally stimulated rather than
being due to some irreversible intrinsic effect); and (3) inability of B cells in AIDS to
mount & humoral response to new specific antigens. (This has been demonstrated by
the inability of these cells to respond to keyhole limpet hemocyanin (KLH) and to
sheep red blood cells (SRBC).)

Here we report additional abnormalities in B lymphocytes during HIV infection.
We have focused on the expression of the classical pan B-cell marker CD20 and on the
intracellular GSH levels in B cells. The CD20 antigen has been cloned? and has been
shown to function as a Ca channel.?’ CD20 regulates B-cell activation and is differently
phosphorylated in resting and activatéd cells;?* anti-CD20 antibodies trigger a resting
B cell to enter the cell cycle,® and CD20 expression is increased up to fivefold on in
vitro-activated B cells (T. Tedder, personal communication).

B lymphocytes from HIV-negative individuals that a homogeneous CD20 expres-
sion and GSH level, as revealed by FACS-staining of PBMC isolated by Ficoll density
centrifugation. By contrast, all HIV-infected individuals whom we have examined show
a shift in their B-cell staining pattern. In most individuals, GSH levels remain in the
normal range, whereas CD20 expression is increased; however, the increase in CD20
is correlated in the GSH level (FiG. 5). This results in a distinctive diagonal when
plotting GSH levels versus the expression of CD20. One of the individuals we investi-
gated appeared to have been infected 2-3 weeks before analysis, and his B cells showed
this shift, too. This indicates that the alteration in staining pattern occurs very carly
after infection with HIV.
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FIGURE 6. Increased CD20 expression on B cells of HIV-infected individuals. CDZP expfm
was determined as median fluorescence of FITC-labeled anti-CD20 an}ibody. B-cl individual is
indicated by a small circle; mean CD20 expression for each category is shown with the ber.

As demonstrated in FIGURE 6, essentially all HIV-infected individuals have a hig!lﬂ'
CD20 expression on their peripheral B lymphocytes. The increased CD20 expression
is strongest in the AIDS patients (on average almost twofold); the CD20 expression is
significantly different for all HIV-infected individuals as compared to normal (at n'le
99% confidence level), as well as for the AIDS patients compared to asymptomatic
and ARC (Scheffe F-test). In our data set, there is a strong, ncgative correlation bet‘yeen
the number of CD4* T cells and the CD20 cxpression on the B cells in a given
individual (nonparametric Spearman rank correlation test, p < 0.0001). Thus, AIDS
patients have increased expression of CD20 and decreased numbers of CD4*. T cells.

We have also measured the frequency of CDS* B cells on all indi\!iduals included
in our study. Thus far we have not observed any significant differences in the frequency
of CDS* B cells in infected versus noninfected individuals (data not shown). We have
observed that CDS™ B celis have a slightly higher GSH content than conventional B
cells, but this is the case in both infected and uninfected individuals. Another nur.ket
included in our.multicolor FACS analysis is the activation antigen CD25, Wlll?ll
corresponds to the IL2 receptor. The expression of IL2-R was not different (that is,
essentially absent) in HIV-infected patients as compared to our uninfected control

oup.
¥ 'l!;lc median GSH level in the B cells of HIV-infected individuals varies considerably.
Some patients have decreased intraccliular GSH levels (as low as 45% of nomul). and
some have increased levels (up to 180% of normal). By contrast, uninfected individuals
luveuverynarmwandhighlyoonmednngeof(}s}llevdintheirae.dh.'l‘his
heterogeneity in GSH levels and the shift in GSH-CD?20 staining pattern mdmte that
the regulation of GSH is altered in B lymphocytes from HIV-infected individuals.

In summary, we have identified the following abnormalities in B lymphocytes from
HIV-infected individuals: (1) HIV-infected individuals have increased expression of
the classical pan B-cell marker CD20, (2) the expression of CD20 is stronger in the
later stages of HIV infection, (3) the range of CD20 expression is wider in HIV-infected
individuals than in uninfected controls, (4) the GSH levels of HIV-infected individuals

are very heterogeneous: both decreases and increases are observed, and (¢ intracel-
jular GSH levels and CD20 expression become correlated.

CONCLUDING REMARKS

We have found significant alterations in the GSH status of B lymphocytes and T
lymphocytes of HIV-infected individuals. The critical need for adequate levels of GSH
in lymphocyte function is well-established: GSH is important for mixed lymphocyte
reactions, T-cell proliferation,* T- and B-cell differentiation,?’ cytotoxic T-cell activ-
ity,” NK activity,’® and cell protection against oxidants.” In view of the requirement
of adequate GSH levels for proper lymphocyte function, it is possible that a decrease
in the levels of this metabolite may contribute the immunodeficiency seen in the later
stages of HIV infection.

A correlate of the findings presented is that measurement of intracellular GSH
levels in T cells and CD20 expression on B cells (or the combination of CD20 expression
and GSH levels) could provide new surrogate markers for HIV infection. The use of
these markers can overcome the need to use mortality or the development of severe
opportunistic infections as end points in clinical trials. Thus, these kinds of measure-
ments may provide meaningful methods for clinical staging and prognosis for HIV
infection.
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