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Abstract

Heat shock proteins (hsps) are a group of highly conserved proteins that represent
between 2% and 15% of total cellular protein and are expressed by every living
organism. The main functions of hsps are to regulate apoptosis and to act as
intracellular molecular chaperones that facilitate protein folding and assembly. Some
hsps are highly immunogenic and elicit humoral, cytotoxic T-lymphocyte (CTL) and
natural killer (NK) cell responses against viruses, tumors and infectious diseases.

In the first study, twenty male patients with HIV disease and fifteen age-matched
controls were recruited. Lymphocytes were isolated and incubated at either 37°C for
1 h or heat shocked at 42.5°C for 1 h. Lymphocytes were then allowed to recover at
37°C for 3 h and hsp expression was measured using both western immunoblots and
1D-SDS-PAGE (B-actin used as internal control). After a mild heat shock (from 37°C
to 42.5°C for 1 hr) lymphocytes displayed an augmented synthesis of hsp 110, hsp
90 and hsp 70, relative to actin, in all individuals regardless of HIV-status. There
were apparent differences in levels of expression of newly synthesized hsps between
the HIV-positive and HIV-negative groups. Within this cohort these differences were
not correlated with CD4" count, viral load, dietary supplement use, smoking or the
use of highly active antiretroviral therapy (HAART). The significance of altered hsp
expression remains to be determined. However, given the recent reports on the role
of these proteins in cross-presentation of antigens, a-defensin internalization and
pro-inflammatory cytokine production, further investigation is merited.

Flow cytometric methods have demonstrated that hsp70 is constitutively expressed
in human leukocytes but that the level of expression varies considerably between
different cell types. Specifically, monocytes express significantly more hsp70 than
any other leukocyte subtype. These findings were confirmed and extended to
develop a scientifically robust system for measuring hsp70 expression in leukocyte
sub-populations that only required small volumes (1 — 2 ml) of whole blood. This
methodology was then employed to compare hsp70 expression patterns in HIV-
positive and HIV-negative cohorts. The results of this study demonstrated significant
differences (p<0.05) in hsp70 expression at both basal and heat shock levels, in a
number of leukocyte sub-populations, between HIV-positive (n = 42) and HIV-
negative (n = 11) individuals. These differences were apparent in cytotoxic T cells
(CD8+), helper T cells (CD4+) and monocytes (CD14+). There were no apparent
differences in natural killer cell (CD56+) expression of hsp70. A common predictive
factor for altered hsp70 expression was viral load suggesting that hsp70 expression
may be a reflection of host-virus interactions resulting in alterations to the cellular
stress response. Furthermore, preliminary findings indicated that leukocyte hsp70
expression may differ with disease progression/status as indicated by the patterns of
hsp70 expression observed in the HIV-positive sub-groups examined
(seroconverters, long-term non-progressors and Hepatitis C co-infected individuals).
Further studies will be required before a definitive statement can be made, however,
if the current findings are confirmed, leukocyte hsp70 expression may be a useful
clinical marker for HIV-disease progression.

The immunomodulatory effects of oral dosing with an Echinacea preparation were

investigated in a small scale clinical trial (n = 11). Expression of leukocyte heat shock
protein 70 (hsp70), serum chemistry, haematological values and plasma alkylamide
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concentrations were evaluated in eleven healthy individuals (26 to 61 years of age)
at baseline (day 1) and on day 15 after consuming two commercially blended
Echinacea tablets (containing both Echinacea angustifolia and Echinacea purpurea
root ) per day for fourteen days. Plasma alkylamide levels were determined one hour
after ingestion of one Echinacea tablet and concentrations were found to be 12 + 2
ng equiv/ml plasma. Echinacea supplementation significantly enhanced the fold
increase from 2.2 + 0.4 to 3.3 £ 0.7 (p = 0.03) in leukocyte hsp70 expression after a
mild heat shock. Serum chemistry and haematological values for subjects after
Echinacea supplementation did not vary significantly from baseline levels with the
exception of white cell counts which increased from 6.6 + 0.4 t0 7.2 + 0.3 x 10 (p =
0.04). Differential white cell counts displayed modest increases after Echinacea
supplementation although only the Ilymphocyte sub-population approached
significance (p = 0.06). The enhanced hsp70 stress response found was indicative of
an improved immune response given that increases in hsp70 expression following
cellular stress may play a critical role in antigen presentation, lymphocyte effector
function and cytokine induction. This pilot study therefore suggested that
supplementation with Echinacea may invoke an immune response through altered
expression of hsp70 and increased white cell counts.

The effects of gender, menstrual cycle phase and oral contraceptive use on
leukocyte hsp70 expression were examined in a small-scale study involving 11
female and 5 male participants. The results of these studies demonstrated that
female leukocyte hsp70 expression displayed gender differences and in females,
menstrual cycle phase differences and alterations as a result of oral contraceptive
use were observed. These studies also demonstrated that serum leptin levels
displayed gender dimorphism, serum cortisol levels were higher in females using oral
contraceptives, and that serum prolactin levels displayed menstrual cycle variation in
females and showed gender dimorphism. This is the first report of changes in
leukocyte hsp70 expression in response to gender, menstrual cycle phase and oral
contraceptive use indicating interactions between the immune response and stress
response pathways.
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