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Heat Stress Elicits Different Responses in Peripheral Blood Mononuclear
Cells from Brown Swiss and Holstein Cows1
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ABSTRACT

This study was undertaken to assess whether periph-
eral blood mononuclear cells (PBMC) isolated from
Brown Swiss (Br) and Holstein (Ho) cows and stimu-
lated with concanavalin A differ in response to chronic
exposure to incubation temperatures simulating condi-
tions of hyperthermia. Five multiparous Br and 5 Ho
cows were utilized as blood donors. Peripheral blood
mononuclear cells were subjected for 65 h to each of 5
treatments (T). Cells were exposed to 39°C continuously
(T39) and three 13-h cycles at 40 (T40), 41 (T41), 42
(T42) or 43°C (T43), respectively, which were inter-
spersed with two 13-h cycles at 39°C. Treatment T39
was adopted to mimic normothermia; T40, T41, T42,
and T43 mimicked conditions of more severe hyperther-
mia alternating with normothermia. Measures evalu-
ated at the end of the incubation period were prolifera-
tive response (DNA synthesis), intracellular reactive
oxygen species (ROS) concentrations, and mRNA abun-
dance of the 72-kDa heat-shock protein (Hsp72). In Br
cows, DNA synthesis began to decline when PBMC were
repeatedly exposed to 41°C (−22%), whereas DNA syn-
thesis in cells isolated from Ho cows did not begin to
decline until 42°C (−40%). Furthermore, under T41 and
T42, DNA synthesis from Br cows was lower than in Ho
(−24 and −54%, respectively). In both breeds, increased
incubation temperatures caused a reduction of intracel-
lular ROS (from −39.6 and −69.7%). Increase in incuba-
tion temperatures enhanced Hsp72 mRNA levels only
in PBMC isolated from Br cows. The Hsp72 mRNA
in Br cows increased significantly under T41 and T43
compared with T39. In both breeds, DNA synthesis was
positively and negatively correlated with intracellular
ROS and Hsp72 mRNA abundance, respectively (r =
0.85 and r = −0.70, respectively). Results indicated that
PBMC from Br cows are less tolerant to chronic heat
exposure than those from Ho cows, and that the lower
tolerance is associated with higher expression of Hsp72,
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suggesting that the same level of hyperthermia may be
associated with a differential decline of immune func-
tion in the 2 breeds.
Key words: Brown Swiss, Holstein, temperature, pe-
ripheral blood mononuclear cell

INTRODUCTION

A series of in vitro studies demonstrated that expo-
sure of bovine peripheral blood mononuclear cells
(PBMC) to short and severe heat shock reduced respon-
siveness to mitogens or decreased the number of viable
cells (Elvinger et al., 1991; Kamwanja et al., 1994).

Different researchers (Johnson, 1965; Correa-Calde-
ron et al., 2004) indicated that Brown Swiss (Br) cows
are less sensitive to hot environment exposure than
Holstein (Ho) cows. These studies established heat sen-
sitivity by measuring rectal temperature under hot en-
vironments and concluded that Br cows are more resis-
tant to heat than Ho because their increase in body
temperature under heat stress is less pronounced than
that of Ho. To our knowledge, no in vivo or in vitro
comparative studies have been conducted in breeds be-
longing to Bos taurus subspecies to establish whether
different levels of hyperthermia are associated with a
decline in functions of immune cells. A comparative in
vitro study was performed to evaluate cellular tolerance
to heat in Bos indicus vs. B. taurus breeds (Kamwanja
et al., 1994); however, that study did clarify the mecha-
nisms conferring higher tolerance to cells isolated from
B. indicus breeds, and it was not designed to assess
cell function or viability after a short-term exposure to
heat-shock conditions.

Hyperthermia promotes oxidative stress in cells of
laboratory animals, and that effect may be ascribed to
different mechanisms, which include increased forma-
tion rate of reactive oxygen species (ROS; Flanagan et
al., 1998). Furthermore, Pahlavani and Harris (1998)
demonstrated that increased in vitro generation of oxy-
gen free radicals due to hyperthermia was associated
with inhibition of proliferation (DNA synthesis) and IL-
2 gene expression in T cells from rats.

Cellular response to heat shock includes synthesis of
proteins belonging to a subgroup of molecular chaper-
ones called heat-shock proteins (Hsp), and classified
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into 5 families according to their molecular weight (100,
90, 70, 60, and small Hsp; Kristensen et al., 2004).
The protective role of Hsp is usually confined to their
chaperone function; that is, their capacity to bind dena-
tured proteins and thus prevent their irreversible ag-
gregation (Lindquist, 1986). In the bovine, Hsp72 is
absent or expressed at a low level under nonstress con-
ditions and is referred to as the inducible form of the
Hsp70 family (Welch, 1992; Kristensen et al., 2004).

This in vitro study was undertaken to assess whether
PBMC isolated from Br and Ho cows and stimulated
with concanavalin A (ConA) differ in response to
chronic exposure to temperatures simulating condi-
tions of hyperthermia. Measures taken into consider-
ation at the end of the incubation period were DNA
synthesis (a measure of the reactivity of lymphocytes;
Tizard, 1992), intracellular ROS, and Hsp72 mRNA
levels.

MATERIALS AND METHODS

Cows and Samplings

Five Br and 5 Ho healthy cows originated from a
commercial dairy unit, were similar for stage of lacta-
tion and parity, and were under the same management
and nutritional regimen at the time of samplings. Blood
collections were conducted in early spring (April 2004),
during a thermoneutral period with values of the tem-
perature humidity index constantly below 72, which
is considered the upper critical value for dairy cows
(Johnson, 1987). Blood samples (20 mL) were obtained
5 times over a 3-wk period by jugular venipuncture
using sodium heparin (10 IU/mL) as an anticoagulant.
Immediately after collection, blood samples were stored
in a portable refrigerator at 4°C and transferred to
the laboratory.

Laboratory Analysis

PBMC Isolation. The PBMC were isolated by den-
sity gradient centrifugation (Lacetera et al., 2002).
Briefly, blood was diluted, layered over Ficoll-Paque
PLUS (APB, Milano, Italy), and centrifuged. The mono-
nuclear cell band was recovered and washed twice in
PBS (Sigma, Milano, Italy). Residual red blood cells
were eliminated by hypotonic shock treatment using
redistilled water. The PBMC recovery and viability
were determined by hemocytometer count using the
trypan blue exclusion method. Viability of PBMC typi-
cally exceeded 90% both in Br and Ho cows. The PBMC
were resuspended at 1 × 106 viable cells/mL in RPMI
1640 medium (Sigma) containing 25 mM HEPES
(Sigma) supplemented with 10% heat-inactivated fetal
bovine serum, 2 mM L-glutamine, 100 U of penicillin,
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100 �g of streptomycin, and 0.25 �g of amphotericin B/
mL (Sigma). The time between blood collections and
establishment of cultures was less than 6 h.

Treatments. The PBMC isolated from the 10 cows
were subjected for 65 h to each of 5 treatments (T; Table
1). The 65-h incubation represents an optimal time to
guarantee cell viability and elicit maximum prolifera-
tive response in bovine PBMC (Lacetera et al., 2005).
Cells were exposed to 39°C continuously (T39) or three
13-h cycles at 40 (T40), 41 (T41), 42 (T42), or 43°C
(T43), respectively, which were interspersed with two
13-h cycles at 39°C. Treatment T39 was adopted to
mimic normothermia; T40, T41, T42, and T43 mimicked
conditions of more severe hyperthermia alternated
with normothermia.

PBMC Cultures for Proliferation Assay. The
PBMC (100 �L) were added into triplicate wells of 96-
well, flat-bottomed tissue culture plates. The mitogen
ConA (Sigma) was added at final concentration of 2.5
�g/mL. Control wells contained 100 �L of PBMC sus-
pension (1 × 106 viable cells/mL) without ConA (unstim-
ulated). Additional control wells contained 100 �L of
complete RPMI 1640, or 100 �L of PBMC suspension
without 5-bromo-2′-deoxyuridine (BrdU, see below).
Tissue culture plates were subjected to the treatment
protocol in an atmosphere of 95% air and 5% CO2. After
the first 48 h of incubation, 10 �M of pyrimidine ana-
logue BrdU (APB) in 10 �L of RPMI 1640 was added
to each well. Following a 17-h incubation, DNA synthe-
sis was verified by ELISA using a commercial kit (Bio-
trak, APB) based on the measurements of BrdU incor-
poration during DNA synthesis in proliferating cells.
Values for DNA synthesis were expressed as the optical
density recorded at 450 nm wavelength, both in unstim-
ulated and stimulated wells, minus the optical density
recorded in control wells without BrdU.

PBMC Cultures for ROS and Hsp72 Quantifica-
tion. Intracellular ROS and mRNA for Hsp72 were
evaluated in PBMC (1 mL of cell suspension containing
1 × 106 cells/well) cultured under the conditions de-
scribed above. The PBMC were cultured in duplicate
in 24-well tissue-culture plates. At the end of the incu-
bation period, cell suspensions were transferred into
centrifuge tubes and centrifuged at 1,000 × g (gmax) for
15 min, the supernatants were discarded, and the dry
pellets (containing whole PBMC) were stored at −80°C
until analyzed.

ROS Quantification. Dry pellets of PBMC were
treated with 100 �L of ice-cold lysis buffer prepared by
adding 5 �L of a 10% solution of Triton X-100 and 0.5
�L of 0.2 M phenylmethylsulfonyl fluoride to 94.5 �L
of PBS. Lysis of PBMC was performed by keeping cells
on ice; cells were lysed for 15 min and were occasionally
stirred. Afterwards, the cell lysate was centrifuged at
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Table 1. Schematic representation of the experimental treatments1

Timing of cycle

Treatment 0 to 13 h 13 to 26 h 26 to 39 h 39 to 52 h 52 to 65 h

T39 39°C
T40 40°C 39°C 40°C 39°C 40°C
T41 41°C 39°C 41°C 39°C 41°C
T42 42°C 39°C 42°C 39°C 42°C
T43 43°C 39°C 43°C 39°C 43°C

1Cells were exposed to 39°C continuously (T39) for the 65-h incubation period, or to three 13-h cycles at
40 (T40), 41 (T41), 42 (T42), or 43°C (T43), respectively, interspersed with two 13-h cycles at 39°C.

13,000 × g for 10 min and the supernatants were col-
lected and kept on ice until analyzed by an automatic
analyzer for clinical chemistry (Monarch 1500-Plus, In-
ternational Laboratory, Lexington, IL). Analysis was
carried out by the use of a commercial kit purchased
from Diacron (d-ROMs, Grosseto, Italy). Data were ex-
pressed in Caratelli units: 1 Caratelli unit is equal to
a hydrogen peroxide concentration of 0.08 mg/dL (Ces-
arone et al., 1999).

Analysis of Hsp72 mRNA Levels. Levels of Hsp72
mRNA were measured by real-time reverse transcrip-
tion PCR. Total RNA was isolated from PBMC using
Tri reagent (Sigma-Aldrich) following the procedure de-
scribed by Bernabucci et al. (2004). The concentration
of recovered RNA was measured at an optical density
of 260 nm. The quality of RNA was acceptable if the
ratio of optical density at 260 nm to that at 280 nm
was >1.9. Total RNA was reverse-transcribed with Im-
Prom-II Reverse Transcription System (Promega, Mad-
ison, WI). One microgram of total RNA was reverse
transcribed in a final volume of 20 �L with 0.5 �g of
oligo dT and incubated for reverse transcription at 42°C
for 1 h. Then, reverse transcriptase was inactivated at
70°C for 15 min. Aliquots of cDNA were subjected to
real-time PCR, in which Quantitect SYBR Green PCR
Master Mix (Qiagen s.p.a., Milan, Italy), and primers
for Hsp72 and GAPDH were used. Primers were de-
signed with Polyprimers software (Valentini, 2006)
based on the sequences obtained from the GenBank
Sequence Database and synthesized by MWG-Biotech
(Ebersberg, Germany). The sequences of primers are
as follows: bovine Hsp72 (Genbank Accession No.
U02892) 5′-AACATGAAGAGCGCCGTGGAGG-3′
(sense) and 5′-GTTACACACCTGCTCCAGCTCC-3′
(antisense); bovine GAPDH (Genbank Accession No.
BC102589) 5′-ACAGGGTGGTGGACCTCATGGT-3′
(sense) and 5′-TGATGGTACACAAGGCAGGGCT-3′
(antisense). The predicted sizes of PCR products are
169 bp for Hsp72 and 213 bp for GAPDH. The cDNA
samples were amplified in a real-time fluorescence ther-
mal cycler (LightCycler 3.5, Roche Applied Science,
Penzberg, Germany) in capillary tubes. Amplification
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reactions were conducted for 45 cycles of heating to
95°C (denaturation, 10 s), cooling to 61°C and 59°C for
Hsp72 and GAPDH, respectively (annealing, 20 s) and
heating to 72°C (extension, 16 s). The rate of all temper-
ature changes was 20°C/s. Fluorescence was acquired
during the extension of each cycle. After amplification,
a melting curve was acquired by heating at 20°C/s to
95°C, cooling at 20°C/s to 65°C, and slowly heating at
0.1°C/s to 95°C with fluorescence data collection at
0.1°C intervals, to verify the presence of a single ampli-
con. Before statistical analysis, data of mRNA for Hsp72
were normalized to the abundance of GAPDH. The
abundance of GAPDH did not differ between breeds or
treatments (data not shown).

Statistical Analysis

Data were reported as least squares means ± stan-
dard errors of the mean (SEM). Data were analyzed
using the GLM procedure of SAS (SAS Institute, 1995).
The model included effects of breed (Br or Ho), treat-
ments (n = 5), animal within breed, and error term.
The effects were considered to be significant at a value
of P < 0.05. The Pearson correlation procedure of SAS
(SAS Institute, 1995) was used to examine correlations
between DNA synthesis and intracellular ROS or
Hsp72 mRNA.

RESULTS AND DISCUSSION

DNA Synthesis

Increasing incubation temperature in both breeds de-
creased DNA synthesis of PBMC (Figure 1). Compared
with values recorded under treatment T39, the extent
of significant decreases ranged from −21.9% (T41 in Br
cows) to −97.7% (T43 in Br cows). In Br, DNA synthesis
began to decline in PBMC repeatedly exposed to 41°C
(T41; P < 0.05), whereas PBMC isolated from Ho cows
were more resistant to heat exposure, and DNA synthe-
sis did not begin to decline until cells were repeatedly
exposed to 42°C (T42; P < 0.01). Under T41 and T42,
DNA synthesis in PBMC from Br cows was lower than
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Figure 1. Synthesis of DNA (optical density, OD) in concanavalin
A-stimulated peripheral blood mononuclear cells (PBMC) isolated
from Brown Swiss (solid bars) and Holstein (open bars) cows. The
PBMC isolated from the 10 cows were subjected to each of 5 treat-
ments. Under treatment T39, PBMC were exposed to 39°C continu-
ously; under T40, T41, T42, and T43, three 13-h cycles at 40, 41, 42,
or 43°C were interspersed with two 13-h cycles at 39°C. Data repre-
sent least squares means ± SEM. a–dDifferent letters indicate signifi-
cant differences between treatments within breed (P < 0.0001). Aster-
isks indicate significant differences between breeds within treat-
ments (*P < 0.001, **P < 0.0001).

that recorded in Ho (P < 0.001 and P < 0.0001, respec-
tively).

Results reported herein demonstrated that incuba-
tion temperatures simulating hyperthermia impaired
DNA synthesis in mitogen-stimulated PBMC. Addition-
ally, the present study demonstrated that between the
2 breeds studied, the breed considered better adapted
to hot climates (Br) had lower cellular tolerance to heat.
Studies on the effects of air temperatures above the
upper critical temperature on immune cell functions in
bovine provided contradictory results. Some authors
reported an improvement (Soper et al., 1978); some
described impairment (Elvinger et al., 1991; Kamwanja
et al., 1994; Lacetera et al., 2005); and others indicated
no effects (Lacetera et al., 2002) of heat exposure on
lymphocyte functions. The large variety of experimen-
tal conditions (e.g., in vivo vs. in vitro, field vs. con-
trolled environment, animals from different breeds or
different ages, duration and intensity of heat exposure,
lymphocyte function studied) likely explains the dis-
crepancy among results. However, results of the pres-
ent in vitro study and those derived from a previous in
vivo study (Lacetera et al., 2005), indicate that pro-
longed exposure to severe heat stress is responsible
for a decline of immune cells’ reactivity, which may
contribute to the higher occurrence of some infections
during summer (Cook et al., 2002).

No comparative studies have been conducted to es-
tablish differences in lymphocyte tolerance to heat
stress between B. taurus breeds. Previous studies focus-
ing on tolerance to heat of bovine lymphocytes were
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Figure 2. Intracellular content of reactive oxygen species (ROS)
in concanavalin A-stimulated peripheral blood mononuclear cells
(PBMC) isolated from Brown Swiss (solid bars) and Holstein (open
bars) cows. The PBMC isolated from the 10 cows were subjected to
each of 5 treatments. Under treatment T39, PBMC were exposed to
39°C continuously; under T40, T41, T42, and T43, three 13-h cycles
at 40, 41, 42, or 43°C were interspersed with two 13-h cycles at 39°C.
The ROS were determined on PBMC lysate by an automatic analyzer
for clinical chemistry and by the use of a commercial kit; 1 Caratelli
unit is equal to a hydrogen peroxide concentration of 0.08 mg/dL. Data
represent least squares means ± SEM. a–dDifferent letters indicate
significant differences between treatments within breed (P < 0.0001).
Asterisk indicates significant differences between breeds within
treatments (*P < 0.005).

carried out comparing B. indicus and B. taurus subspe-
cies. Genetic differences in thermotolerance have been
shown for apoptosis response in lymphocytes, with
Brahman and Senepol cattle being more resistant to
heat shock than Angus and Holstein breeds (Paula-
Lopes et al., 2003). Furthermore, a series of studies
recently reviewed by Hansen (2004) documented that
cellular tolerance to heat is higher in B. indicus breeds
when considering cell populations other than lympho-
cytes (e.g., endometrial cells, embryos). The mecha-
nisms responsible for the higher heat tolerance of cells
from B. indicus breeds have not been clarified. These
studies indicated that breeds considered better adapted
to hot climates (e.g., B. indicus) have higher tolerance
to heat at the cellular level.

Intracellular ROS

Increasing incubation temperature significantly de-
creased intracellular ROS in PBMC isolated from both
breeds (Figure 2). Significant decreases in ROS ranged
from −39.6% (T41 in Ho cows) to −69.7% (T43 in Ho
cows) compared with T39. Intracellular ROS in Br cows
began to decline in PBMC subjected to T42 (−52.1%; P
< 0.001), whereas in Ho cows, intracellular ROS started
to decline when cells were subjected to T41 (P < 0.01).
Only under T39 did values of intracellular ROS differ
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between the 2 breeds, with higher values in Ho cows
(P < 0.005). A positive correlation was found between
DNA synthesis and intracellular ROS for Br and Ho
cows (r = 0.85, P < 0.0001).

The present study showed a decline of intracellular
ROS in PBMC exposed to increased temperature, and
a positive correlation between intracellular ROS and
DNA synthesis. These results are consistent with stud-
ies in other species indicating that higher intracellular
ROS is associated with greater cellular proliferation to
mitogen (Hildeman, 2004). Furthermore, it is likely
that our temperature-related reduction of proliferation
was associated with reduction of cellular metabolic rate,
which may be responsible for lower intracellular ROS
production (Shigenaga and Ames, 1994). Several stud-
ies in humans, laboratory animals (Flanagan et al.,
1998), and dairy cattle (Bernabucci et al., 2002) demon-
strated that hyperthermia could be responsible for oxi-
dative stress and subsequent cell damage by promoting
free radical formation and increased lipid peroxidation.
But, both direct and indirect evidence demonstrate that
in bovine cells (embryonic), free radical production is
not a crucial determinant of the effects of heat shock
(Paula-Lopes et al., 2003). Malayer et al. (1992) re-
ported that the addition of antioxidant agents to culture
medium could prevent heat-induced killing of bovine
lymphocytes even though the mechanism of such a pro-
tective effect was not clarified. Our results support the
hypothesis that effects of heat on bovine cells should
not be ascribed to increased ROS formation. However,
further studies are needed to clarify whether heat shock
can cause oxidative stress by altering cellular antioxi-
dant protection systems (Flanagan et al., 1998).

Hsp72 mRNA

Increased Hsp mRNA was detected in T41 (+53.2%;
P < 0.05) and T43 (+80.4%; P < 0.0001) compared with
T39 in PBMC from Br cows (Figure 3). No differences
were found in PBMC from Ho cows among different
treatments. Under T41, T42, and T43, mRNA for Hsp72
in Br cows was higher than in Ho (P < 0.005, P < 0.05,
and P < 0.0001, respectively). Significant negative cor-
relations were detected between DNA synthesis and
Hsp72 mRNA (r = −0.70, P < 0.001).

Our results on Hsp72 mRNA levels are novel, and
cannot be compared with previous findings. To our
knowledge, measurement of Hsp mRNA levels in cells
exposed to temperature regimens that mimic conditions
of chronic hyperthermia alternated with normothermia
(which characterize, respectively, daytime and night-
time periods during hot seasons) has not been con-
ducted before. Previous studies performed in bovine or
other species evaluated mRNA levels or synthesis of

Journal of Dairy Science Vol. 89 No. 12, 2006

Figure 3. Levels of mRNA (expressed in arbitrary units relative
to expression of GAPDH mRNA) for heat-shock protein 72 (Hsp72)
in concanavalin A-stimulated peripheral blood mononuclear cells
(PBMC) isolated from Brown Swiss (solid bars) and Holstein (open
bars) cows. The PBMC isolated from the 10 cows were subjected to
each of 5 treatments. Under treatment T39, PBMC were exposed to
39°C continuously; under T40, T41, T42, and T43, three 13-h cycles
at 40, 41, 42, or 43°C were interspersed with two 13-h cycles at
39°C. Data represent least squares means ± SEM. a–cDifferent letters
indicate significant differences between treatments within breed (P
< 0.0001). Asterisks indicate significant differences between breeds
within treatments (*P < 0.05, **P < 0.005, ***P < 0.0001).

Hsp following short-term exposure to heat-shock condi-
tions. Kamwanja et al. (1994) found higher cellular re-
sistance to elevated temperatures in lymphocytes from
Brahman and Senepol cattle with respect to Angus cat-
tle. They found a tendency for a lower amount of Hsp70
in the 2 thermotolerant breeds. Hansen (2004) specu-
lated that the reduced Hsp70 expression in heat-
stressed Brahman and Senepol cattle might be indica-
tive of reduced protein denaturation (one of the signals
for Hsp70 synthesis). Accordingly, others indicated that
activation of Hsp genes is primarily related to the de-
fense against cell damage consequent to heat shock
(Schiaffonati and Tiberio, 1997), or that Hsp70 expres-
sion is positively related with increase of cell injury
score (Tokyol et al., 2005). Recently, Kristensen et al.
(2004) suggested that increase of Hsp72 expression
might function as a biological indicator for changes in
the stress level. These observations may be of help to
explain the lower amount of Hsp72 mRNA found in our
study in PBMC from Ho, which presented the higher
tolerance to heat.

On the other hand, Lindquist (1986) indicated that
the heat-shock response is accompanied by a reduction
in protein synthesis, favoring induction of the heat-
shock response over the ongoing gene program. Results
of our study, and in particular the negative correlation
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found between mRNA for Hsp72 and DNA synthesis,
are consistent with this hypothesis indicating that ex-
pression of the Hsp72 may be detrimental for the mito-
gen-driven proliferation gene program. Conversely, this
interpretation of our findings conflicts with a series of
previous studies indicating that elevated Hsp mRNA
levels are associated with enhanced heat tolerance
(Horowitz, 2002). In this case, utilization of cells iso-
lated from species different from cows and different
from PBMC, and adoption of different intensity and
duration of exposure to heat shock likely explains the
discrepancies. Finally, our results suggest that further
research is needed to verify whether mechanisms differ-
ent from Hsp may exist in bovine, which may confer
thermotolerance to cells undergoing proliferation.

Finally, our study did not indicate whether the differ-
ent steady-state mRNA levels of Hsp72 in the 2 breeds
depended on transcriptional or posttranscriptional reg-
ulation of gene expression. However, previous studies
conducted indicated that mRNA levels of Hsp72 in cells
exposed to stressful stimuli may depend either on tran-
scriptional (Schiaffonati and Tiberio, 1997) or on post-
transcriptional regulation (Kaarniranta et al., 2000) of
gene expression. Additionally, they demonstrated that
among the different mechanisms through which trans-
lational regulation may occur (pre-mRNA splicing,
mRNA transport, mRNA stability), posttranscriptional
regulation of Hsp70 gene expression occurs mainly by
mRNA stabilization.

CONCLUSIONS

The differential effects of heat on proliferative re-
sponse of mitogen-stimulated PBMC from Brown Swiss
and Holstein cows would suggest that body tempera-
ture increases under heat-stress conditions may not be
associated with the same degree of alteration of im-
mune cell efficiency in the 2 breeds. Generalization of
this concept indicates that impairment of cell functions
may start at a different level of body hyperthermia.
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