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Regulation of immune activity by mild
(fever-range) whole body
hyperthermia: effects on epidermal
Langerhans cells
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Abstract Inflammation of the skin and systemic fever, both of which occur with injury or infection, include a hyper-
thermic component that many believe constitutes a physiological stress. Such increases in local or systemic body
temperature may also have a regulatory effect on immune function. Langerhans cells (LCs), the dendritic cells of the
skin, continuously monitor the extracellular matrix of the skin by taking up particles and microbes that they then carry
to draining lymph nodes for presentation to T lymphocytes. We hypothesize that the thermal element of inflammation
and/or fever may help regulate the activation and migration of LCs out of the epidermis. To test this hypothesis, Balb/
¢ mice were exposed to a mild (39.8°C = 0.2°C), long-duration (6 hours) whole body hyperthermia (WBH) treatment,
which mimics the thermal component of fever. The number of LCs and their morphology were analyzed at various
time points up to 7 days after the initiation of WBH. The LCs of the ear epidermis were visualized using a fluorescein
isothiocyanate—conjugated antibody specific for the major histocompatibility complex (MHC) class Il molecule and
confocal microscopy. Although MHC class Il staining was diffuse on the surface of the LC body and dendritic extensions
of both WBH and control samples, the WBH-treated LCs exhibited a more punctate morphology with fewer dendritic
processes compared with control LCs. A significant decrease in the number of LCs was also observed 1 to 5 days
after WBH treatment. Furthermore, in vitro heating of Balb/c ear skin cultures at 40°C for 6 to 8 hours enhanced the
numbers of viable LCs that migrated into the culture wells. These results suggest that WBH treatment stimulates
epidermal LCs in the absence of foreign antigen.

INTRODUCTION gration process is accompanied by both physiological and
morphological changes in the LC. Once in the lymph
node, the mature LC presents the antigen in the context
of a major histocompatibility complex (MHC) and with
the appropriate costimulatory signals to T cells (Maurer
and Stingl 1999).

Infection with foreign antigens is also characterized by
other inflammatory processes, which involve vasodila-
tion, increased vascular permeability, neutrophil recruit-
ment and activation, and fever (Rosenberg and Gallin
1999). Although there is obvious benefit to vasodilation,
increases in vascular permeability and neutrophil recruit-
ment in controlling an infection, the benefit of fever is
poorly understood (Rosenberg and Gallin 1999). The fe-

Correspondence to: Elizabeth Repasky, Tel: 716 845-3133; Fax: 716 845- ver response to infection occurs at high metabolic cost in
8552; E-mail: Elizabeth.Repasky@RoswellPark.org. vertebrates (Kluger 1986). Ectotherms also exhibit behav-

Received 31 July 2000; Revised 29 August 2000; Accepted 30 August 2000. ioral fevers that dramatically improve survival following

The body is continuously exposed to a variety of anti-
gens, including parasites, fungi, bacteria, viruses, and the
compounds that they secrete. The primary physical bar-
rier to these antigens is the skin. If such antigens pene-
trate the skin, they are taken up by Langerhans cells (LCs)
that reside in the epidermis (Maurer and Stingl 1999). LCs
are antigen-presenting cells that are continuously sam-
pling the extracellular matrix of the skin for foreign sub-
stances. When a foreign antigen is encountered, the LC
phagocytoses it and begins a process of maturation in
which it simultaneously migrates to the draining lymph
node (Maurer and Stingl 1999). This maturation and mi-
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infections (Kluger et al 1975; Covert and Reynolds 1977).
These facts support the notion that there may be a ben-
eficial role for fever-range hyperthermia, because it is un-
likely that the fever response would have been retained
evolutionarily if it has no survival value. Furthermore, if
such increases in temperature are considered a physio-
logically relevant heat stress, it might be suspected that
fever-range temperatures have the potential to drive an
immunomodulatory stress response. Indeed, this fever-
range hyperthermia treatment has been shown to be suf-
ficient to induce heat shock protein expression in lym-
phocytes and other tissues (Di et al 1997, J.R. Ostberg et
al, in preparation). Yet, despite the natural occurrence of
increased body temperature in association with an im-
mune challenge, temperature is not a variable in most
immunological investigations.

The paucity of knowledge regarding the immunoreg-
ulatory role of increased body temperature led us to di-
rectly evaluate the effects of the thermal component of
fever on epidermal LCs in Balb/c mice. Herein, we report
the effects of a fever-range whole body hyperthermia
(WBH) protocol (39.8°C * 0.2°C for 6 hours) on the num-
bers and morphology of LCs in the mouse ear epidermis.

MATERIALS AND METHODS
Mice

Female Balb/c mice (Taconic Laboratories, Germantown,
PA, USA), ranging from 8 to 10 weeks of age, were used
in all experiments with age-matched controls. All proto-
cols involving these mice were approved by the Roswell
Park Institute Animal Care and Use Committee.

Fever-range WBH

To prevent dehydration, mice were injected with 1 mL of
nonpyrogenic saline intraperitoneally (Shen et al 1991) im-
mediately before being placed in microisolator cages pre-
heated to 38.8°C. The cages (=5 mice per cage) were then
placed in an environmental chamber with preheated in-
coming fresh air (Memmert model BE500, East Troy, WI,
USA). Within 20 minutes, the average core body temper-
ature of the mice was raised from 37.5°C (normal core tem-
perature of mice) to 39.8°C = 0.2°C, and this body tem-
perature was maintained for up to 6 hours by adjusting
the temperature of the environmental chamber. Core tem-
peratures were monitored with the Electronic Laboratory
Animal Monitoring System from Biomedic Data Systems
(Maywood, NJ, USA) using nonexperimental Balb/c mice
that had 14 X 2.2-mm microchip transponders subcuta-
neously implanted into the dorsal thoracic area. Variations
in temperature readings between animals are reproducibly
within 0.2°C of the mean. Control mice were kept at room

temperature and subjected to the same manipulations as
the heated mice. All experiments were started at approxi-
mately the same time each day (7:30 to 9:30 AM) to avoid
the possible influence of diurnal cycling.

Staining of epidermal LCs

Control or WBH-treated mice were killed by cervical dis-
location at various times after WBH treatment. Ears were
removed, placed in phosphate-buffered saline (PBS), and
split into dorsal and ventral halves. Dorsal halves of ears
were placed dermal side down in 0.5 M ammonium thio-
cyanate for 20 minutes at 37°C, and epidermis was sepa-
rated from dermis using fine forceps. Epidermis was fixed
in acetone at room temperature for 5 minutes and then
thoroughly washed using PBS. Epidermal sheets were then
incubated with 0.05 pg of fluorescein isothiocyanate—con-
jugated mouse anti-mouse I-A? monoclonal antibody
(PharMingen, San Diego, CA, USA) in 200 wL of PBS for
30 minutes in a dark, humidified box at room temperature.
The epidermis was washed thoroughly with PBS, mounted
with AquaPolyMount (Polysciences Inc, Warrington, PA,
USA), and covered with a coverslip. Fluorescent images
were obtained by confocal microscopy.

Statistical analysis

Control values were compared with the experimental val-
ues at each time point after hyperthermia treatment using
unpaired Student’s f-tests. P values less than 0.05 were con-
sidered to represent statistically significant differences.

Skin organ culture

Ears were rinsed in 70% ethanol, sterilely trimmed if nec-
essary to ensure similar sizes in heated and control cul-
tures, and split with forceps into dorsal and ventral
halves. Ear halves were cultured dermal side down in 2
mL of media (RPMI with 10% fetal bovine serum, 2 mM
glutamine, 100 U/mL of penicillin, 100 pg/mL of strep-
tomycin, 55 mM B-mercaptoethanol) per well of a 24-well
tissue culture plate. For the first 6 to 8 hours of culture,
plates were divided between 37°C and 40°C incubators,
each with 5% CQO,. The rest of the culture time was con-
tinued at 37°C. At various time points following the hy-
perthermic exposure, the numbers of viable cells per well
were determined by trypan blue dye exclusion using a
hemacytometer.

RESULTS
Fever-range WBH alters epidermal LC morphology

To examine the effects of WBH on epidermal LCs in the
ears of Balb/c mice, a fluorochrome-conjugated antibody
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Fig 1. Confocal images of MHC class Il-stained epidermal LCs
from ears of control and WBH-treated mice. Representative 60X
fields of control epidermis (A) and epidermis collected 3 days after
WBH treatment (B) are depicted.

against MHC class II was used to visualize the LCs in
epidermal sheets by confocal microscopy. The MHC class
II staining was uniformly bright on the surface of the LC
body and dendritic extensions of both WBH and control
samples, making them easy to identify. However, the
WBH-treated LCs exhibited a more punctate morphology
and fewer dendritic processes compared with control LCs
(Fig 1). It also appeared that the density of LCs in a given
field was more sparse in many of the images from WBH-
treated mice compared with controls. These observations
led us to hypothesize that the WBH treatment was stim-
ulating the resident LCs to migrate out of the ear epider-
mis.

Fever-range WBH results in decreased numbers of LCs
in the ear epidermis

To precisely determine the effects of WBH on epidermal
LC numbers, we first determined that LCs are evenly
spaced throughout the epidermis of the whole ear (data
not shown). Cell counts were then determined from 3
random low-power fields (20X) per ear obtained by con-
focal microscopy. The average numbers of LCs per square
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Fig 2. Decreased numbers of LCs in the epidermis of Balb/c mice
are observed after physiological WBH treatment. Ear epidermis of
Balb/c mice was stained for MHC class Il at various time points after
a 6-hour WBH treatment. Images were collected using a confocal
microscope, and the average number of LCs per square millimeter
(% SE) was determined. White column, control mice; black columns,
WBH-treated mice; *, P < 0.05 when WBH-treated mice were com-
pared with controls using the unpaired Student’s t-test. n = 3—-6 mice
per group. Data are representative of 3 different experiments.

millimeter of ear epidermis collected at various time
points after WBH treatment are depicted in Figure 2. Sta-
tistically significant decreases in the numbers of LCs per
square millimeter were seen between 2 and 5 days after
WBH treatment when compared with the control mice.
Other experiments also revealed statistically significant
decreases in LC numbers as early as 1 day after WBH
treatment (data not shown). The numbers of LCs then
appeared to return to control levels by 7 days after WBH
treatment. These data suggest that WBH treatment en-
hances the migration of resident LCs out of the epidermis.

In vitro fever-range hyperthermia treatment results in
increased numbers of LCs in the wells of ear skin
organ cultures

To ensure that the decreased numbers of LCs in the ear
epidermis of WBH-treated mice were due to increased
migration out of the skin and not to the damage and/or
death of these cells, we also performed in vitro hyper-
thermia treatments of ear skin organ cultures. It has pre-
viously been shown that epidermal LCs migrate out of
cultured skin explants into the culture medium at the rate
of about 5 to 8 X 10° per ear per day (Larsen et al 1990).
To determine the effects of fever-range hyperthermia on
this LC migration out of explants, ear skin cultures were
incubated for the first 6 to 8 hours at either 40°C or 37°C,
and then all cultures were placed at 37°C. Numbers of
viable cells in the culture wells were then determined at
various time points using the trypan blue dye exclusion
assay. As shown in Figure 3, increased numbers of viable
cells with dendritic morphology were reproducibly found
in the cultures of hyperthermia-treated explants com-
pared with controls. Thus, it appears that fever-range
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Fig 3. Increased numbers of dendritic cells are observed in culture
after in vitro hyperthermia treatment of mouse ear skin. Dorsal
halves of Balb/c ears were cultured dermis side down in 24-well
plates with RPMI + 10% fetal bovine serum at either 40°C (black
bars) or 37°C (white bars) for the first 8 hours, and then all cultures
were incubated at 37°C. Numbers of cells that left the skin were
determined by trypan blue dye exclusion of culture supernatant. Vi-
sualization of the cultures revealed that these had dendritic mor-
phology by the 20-hour time point. Data are representative of 3 dif-
ferent experiments.

temperatures do indeed enhance the migratory capacity
of epidermal LCs.

DISCUSSION

WBH applied at the temperature range and duration sim-
ilar to that experienced during a fever appears to regulate
epidermal LC activation and migration. Although we had
difficulty determining any enhancement of MHC class II
intensity that is usually associated with LC activation
(Larsen et al 1990), morphological changes that are sug-
gestive of the cells retracting their dendritic processes to
facilitate emigration were observed. Further analysis of
the effects of fever-range hyperthermia on different LC
activation markers are currently under way.

Also indicative of increased LC migration out of the
skin, a significant reduction in the numbers of epidermal
LCs was observed after WBH treatment. This was despite
the fact that our experimental system does not purposely
block the ability of new cells to migrate into the epider-
mis. Furthermore, our in vitro hyperthermia experiments
support the notion that the decreased numbers of epi-
dermal LCs after WBH are due to increased migration of
viable cells out of the skin, and not to LC death or de-
struction. This may reflect the ability of WBH to specifi-
cally skew the kinetics of LC surveillance toward activa-
tion and exiting the epidermis without equally enhancing
their replacement by incoming cells. In general, LCs are
a mobile cell population with a relatively slow turnover
(Maurer and Stingl 1999). They originate from bone mar-
row precursors that circulate in the peripheral blood en
route to populating the skin (Maurer and Stingl 1999).
Thus, although fever-range WBH can stimulate resident
epidermal LC emigration and maturation, it may be lim-
ited in its stimulatory capacity on LC precursor formation
or localization to the epidermis. Interestingly, however,

the stabilization of LC density between 5 and 7 days after
WBH treatment is similar to that seen with mouse skin
grafts (Larsen et al 1990).

In conclusion, although this study suggests that body
temperatures similar to those experienced during a fever
are capable of modulating LC-mediated immune re-
sponses, it is important to realize that WBH treatment
cannot be directly compared with a naturally occurring
fever. For example, this externally applied hyperthermia
treatment bypasses the biochemical, immunological, and
neurological events that normally lead to fever (Kluger
1991). Yet on consideration of the various observations
made using ectotherms (Kluger et al 1975; Covert and
Reynolds 1977) and mice (Jiang et al 2000), the relevance
of exogenous heating mechanisms in survival against in-
fections cannot be denied. Furthermore, studies such as
ours highlight a largely underappreciated immunoregu-
lator: fever range or physiological heat stress. Indeed, one
may speculate that the effects of elevated body tempera-
tures are beneficial and may be clinically used for the
treatment of various diseases.
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