Japanese Society of Veterinary Science

FULL PAPER Internal Medicine

Changes in Peripheral Blood Mononuclear Cells after Calving in Lactating Cows
with Serious Decrease of Body Weight before and after Calving

Hiromichi OHTSUKAD*, Hitomi KASEY, Takaaki ANDOY, Masayuki KOHIRUIMAKI'?, Machiko MASUI?,
Daisaku WATANABED, Tomohito HAYASHI® and Seiichi KAWAMURAD

DSchool of Veterinary Medicine, Kitasato University, Towada, Aomori 034-8628, ?Kohiruimaki Animal Medical Service, Tohoku,
Aomori 039-2683 and ¥ Research Institute for Biological Sciences, Tokyo University of Science, Noda, Chiba 278-0022, Japan

(Received 28 May 2007/Accepted 9 October 2007)

ABSTRACT. The aim of this study was to clarify the hormonal and immunological changes in periparturient dairy cows with excessive
weight loss following calving. We analyzed leukocyte populations and the peripheral blood mononuclear cell (PBMC) mRNA of IFN-
v, IL-4, growth hormone (GH)-receptor (R) and insulin -R and measured the GH and insulin concentrations. Ten dairy cows fed in one
herd were used in this study and were divided into two groups. Five cows that experienced loss of body weight following calving of
over 10% comprised the Weight Loss Group, and the remaining five cows, which experienced loss of body weight of 5% or less fol-
lowing calving, served as the Control Group. The Weight Loss Group had high serum cholesterol and low blood urea nitrogen levels
compared with the Control Group throughout the period of observation. In regard to the leukocyte populations, there were significantly
fewer CD4*CD45R-T cells in the Weight Loss Group 1 to 2 months after calving compared with the Control Group. The percentage of
IFN-Y/IL-4 among PBMCs in the Weight Loss Group tended to be lower than in the Control Group throughout the observation period.
In the Weight Loss Group, the levels of GH-R during month 2 were lower than in the Control Group. We concluded that excessive loss
of body weight in dairy cows following calving is associated with depressed cellular immune function.
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Dairy cows starting lactation in a thin condition lack ade-
quate energy reserves and peak at a lower milk yield. Expe-
rience and research have shown that cows gaining weight
(in positive energy balance) at the time of insemination have
a higher conception rate than cows losing weight. Cows
with lower dry matter index (DMI) develop greater body
weight (BW) loss during early lactation. Changes in body
weight are closely related to metabolism of several hor-
mones. Because cows that are underfed mobilize body
reserves of fat or protein, they have higher plasma concen-
trations of growth hormone (GH), NEFA and BHBA and
lower concentrations of glucose, insulin (INS) and leptin
around calving [23]. Furthermore, several hormones, acting
through their receptors, are essential for somatic growth and
development and for maintaining metabolic homeostasis,
including the immune system [14, 17].

Dairy cows are most susceptible to infections at or around
the time of calving. We previously observed that reduction
of body weight in cows before and after calving is closely
related to the occurrence of periparturient diseases, includ-
ing mastitis and retained placenta in dairy cows [13]. Their
immune response is usually inadequate to combat the stress
of calving, and their appetite is insufficient to meet the
demands of early lactation. Previous research has shown
that cows with mastitis or retained placenta have suppressed
immune function prior to calving [20].

Body weight is positively associated with somatic cell
score in lactating dairy cattle [3]. Recent investigation sug-
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gests that dairy cows with the lowest dry matter intake dur-
ing the dry period had the most cellular immune suppression
after calving [21]. Therefore, we hypothesized that immune
suppression and endocrine disorders would be observed in
dairy cows with excessive loss of body weight following
calving. The aim of this study was to clarify the changes in
immunological and endocrine conditions in dairy cows with
excessive loss of body weight following calving.

MATERIALS AND METHODS

Cows: We chose ten clinically healthy dairy cows in one
herd for use in this study. There was no occurrence of dis-
ease in the ten cows during observation. They were divided
into two groups; five cows whose body weight (BW)
decreased by over 10% after calving comprised the Weight
Loss Group (N=5), and five cows whose body weight loss
after calving was 5% or less comprised the Control Group
(N=5). Average age and interval between calving of the
Weight Loss and Control Groups were 3.3 £ 0.2 and 376.8 +
18.2 days and 3.6 % 0.4 and 396.4 + 19.6 days, respectively.
BW and body condition score (BCS) were measured about 2
weeks before (pre-calving) and after calving, and measure-
ments of BW and BCS and collection of blood samples were
performed monthly after calving. Body weight was mea-
sured by estimation tape as previously reported [13].

Blood analysis: Blood samples were collectéd into tubes
containing either no anticoagulant, heparin or dipotassium-
EDTA between 3 and 5 p.m. before feeding. Serum samples
were used to measure serum total cholesterol (TC; enzyme
assay), blood urea nitrogen (BUN; urease indophenol
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method) and nonesterified fatty acids (NEFA; enzyme
assay). Total white blood cell counts (WBC) were deter-
mined with a blood cell counter.

Hormone Assay: The concentrations of plasma growth
hormone and insulin were measured by time-resolved
immunofluorometric assay as previous reported [24]. The
intra-assay coefficients of variation were 4.1% and 9.3%,
respectively.

Flow cytometry: We mixed 2 m!/ of blood samples with 4
m/ of 0.83% ammonium chloride solution and separated the
leukocytes. All leukocyte samples were finally resuspended
in cold PBS, and 1 x 10° cells were incubated with one of the
primary monoclonal antibodies for 1 hr. The lineage-spe-
cific monoclonal antibodies (VMRD, Pullman, WA,
U.S.A.) used were CACT183A or CACT83B (T-helper
lymphocyte, CD4 antigen), BAT82A or BAQ111A (T-cyto-
toxic/suppressing lymphocyte, CD8 antigen) and GC6A
(non-activated leukocyte, CD45R antigen), CAT82A
(monocyte/B lymphocyte, MHC class II antigen) and MY-4
(monocyte, CD14 antigen; Coulter Immunology, Hialeah,
Florida, U.S.A.). Two-color flow cytometric analysis was
performed. The cells were incubated with fluorescein
isothiocyanate (FITC) or phycoerythrin (PE) -labeled sec-
ondary antibody (Cappel, Durham, NC, U.S.A.) at 4°C for
30 min, and then analyzed with Lysis II software by FACS-
can (BD Biosciences Immunocytometry Systems, San Jose,
CA). Data from 10000 events per sample were analyzed
using software (Cell Quest; Becton Dickinson).

Real-time PCR: The real-time PCR method has been pre-
viously described in detail [16, 21]. We placed 10¢ PBMC
in 1 m/ of 10%FCS-RPMI medium into a 24-well plate, and
stimulated the cells with phytohemagglutinin (PHA, Sigma,
5 ug/ml) for 12 hr at 37°C. The cells were then resuspended
using TRIzol reagent (Invitrogen, Carlsbad, CA, U.S.A.)

Two micrograms of total RNA from each sample were
used for synthesis to first-strand cDNA with oligo-dT prim-
ers (Invitrogen, Carlsbad, CA, U.S.A.) and superscript II
reverse transcripts (Invitrogen, Carlsbad, CA, U.S.A.)
according to the manufacturer’s protocols. Real-time PCR
was performed using SYBR Green Master Mix on an ABI
prism 7,700 Sequence Detector (Applied Biosystems, Fos-
ter City, CA, U.S.A.). The target DNA sequences were spe-
cifically amplified with the primers as previously designed
from bovine IL-4 (forward 5 TGCCCCAAAGAACA-
CAACTG 3’; reverse 5> TTTAGCCTTTCCAAGAGGT
C3’), bovine IFN-y (forward 5° AGCCCAGATGTAG
CTAAGGG3’; reverse 5 CTCCAGTTTCTCAGAGC
TGC3’), bovine INS-receptor (R) (forward 5° ATGGAG-
GAGTCTGCTGGCGAATG C3’; reverse 5° GGCACTGA
CATAGGCAGCCACGCT?’) and bovine GH-R (forward
5" TTATGCCCAGGTAAGCGACATTAC?’; reverse 5’
TGATTTTGTTCAGTTGGTCTGTGC3’).

The comparative threshold cycle number (2-*4) method
was used after a validation experiment demonstrated that the
target and reference efficiencies (S-actin) were approxi-
mately equal. The Ct values define the threshold cycle of
PCR, at which amplified products were detected. Fold

changes in expression for the two groups (AACt) were cal-
culated from the arithmetic formula 2-*4¢ as described pre-
viously [16].

Statistical Analysis: Statistical comparisons between the
2 groups were made using Student’s r-test assuming equal
variance, and values of p<0.05 were regarded as significant.
The mean values and standard errors of the clinical and lab-
oratory data were calculated.

RESULTS

BCS decreased after calving in both groups, but the dif-
ference was not significant. Body weight fell substantially
in the Weight Loss Group during month 1, but increased
immediately thereafter. In the Control Group, body weight
decreased gradually after the pre-calving measurement and
recovered during month 3. Significant differences in body
weight were observed from month 1 to 2 between the 2
groups. The milk yield of the Weight Loss Group was
higher than that of the Control Group during month 1, but no
significant differences were observed (Fig. 1).

The blood biochemical data are shown in Fig. 2. TC lev-
els remained higher in the Weight Loss Group compared
with those in the Control Group throughout the observation
period, and these differences were significant from after
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Fig. 1. Changes in the BCS (1), BW (2) and milk yield (3) of

the Weight Loss (@) and Control Groups (O). Values are
expressed as means + SE. Different letters indicate significant
differences between the 2 groups (P<0.05).
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T cells in the Weight Loss Group tended to be low between
months 1 and 3, and a significantly high number of
CD4*CD45 R~ T cells was observed during months 1 and 2.
The numbers of these T cells were stable in the Control
Group during our observations (Fig. 3). No significant dif-
ferences were found in the numbers of MHC class 1l or
CD14 positive cells between two groups during this study
(data not shown).

The CD4*/CD8* ratio of the Control Group was highest
during month 1, and this difference was significant. How-
ever, this ratio was stable in both groups after month 2. The
ratios of IFN-y/IL-4 remained lower in the Weight Loss
Group compared with the Control Group throughout this
experiment, although the differences were not significant
(Fig. 4).

The changes in hormone concentrations and expression
of hormone receptor RNA levels are shown in Fig. 5. There
was no difference in GH concentration between the two
groups. The INS concentration of the Weight Loss Group
was higher than that of the Control Group between months
1 and 4, and a significant difference was observed during

CD4*CD45R™ (2) CD8*CD45R* (3) and CD8*CD45R" (4)
cells of the Weight Loss (@) and Control Groups (). For
further comments, see the legend to Fig. 1.~

month 3. The GH-R level was low in both groups during
month 1 and peaked during month 3. The GH-R level of the
Weight Loss Group was significantly lower than that of the
Control Group during month 2. In the Weight Loss Group,
INS-R was reduced between months 5 and 6 and was signif-
icantly lower than that of the Control Group during month 5.

DISCUSSION

Immunosuppression occurs in most dairy cows around
calving. However, dairy cows with infectious diseases often
experience a variety of immune-suppressive factors, such as
an unsuitable nutritional program, stressful environment
conditions and negative energy balance (NEB) around calv-
ing, and immunosuppression in such cows is the result of
interactions among these factors. In general, mastitis is
more frequent in dairy cows with lowered BCS or BW dur-
ing early milking periods [25]. It has been hypothesized that
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the occurrence of mastitis is related to immunosuppression 10 *
in dairy cows following decline of BCS or BW during the 5
periparturient period [3].

This study indicated that immunosuppression occurred in Month
the dairy cows with excessive loss in BW after calving. Pre- T 2 3 4 5 6 on
vious investigation [9] suggests that pre- or periparturient
changes in energy balance, such as higher plasma concen-
trations of ketone body or NEFA, reduce immune cell func- (4) INS-R
tion, and these are important factors related to occurrence of 6 %
infectious diseases in cows at the first lactation. However, 4
our present results indicated higher serum TC and non-ele-
vated NEFA in the cows with excessive loss of BW. Serum 2
cholesterol levels in lactating cows have been recognized to 0 ) , . l . ,
bi.?, related with milk yield or DMI [11], and a hlghef milk 1 2 3 4 5 6 Month
yield and serum cholesterol level were observed in the
Weight Loss Group after calving. Loss of weight in these Fig. 5. Changes in the serum GH concentration (1), serum

cows after calving seemed to be due to high milk production
ability because the accumulated nutrition was used for pro-
duction of milk in the lactating cows. Moreover, lower lev-
els of BUN were notable in the Weight Loss Group during
month 1 compared with the Control Group. It is possible
that the cows in the Weight Loss Group were hypoproteine-
mia and that this affected milk production rather than nega-
tive energy balance. We previously observed that the
CD3*T cell counts was low in herds where mastitis appears
frequently during milking periods following declines in
BUN [19]. Low BUN in lactating cows indicates a protein
energy deficiency [4]. Such a protein deficiency might have
reduced the CD4*T cell count or IFN-y/IL-4 ratios of the
Weight Loss Group because protein energy deficiency
induces depression of cellular immune function [6]. We
suspect that in addition to NEB, protein deficiency is also an
immune-suppressive factor in periparturient dairy cows.
Appearance of lower CD4*T cell counts or lower CD4"/

INS concentration (2), GH-R (3) and INS-R (4) of the
Weight Loss (@) and Control Groups (O). For further com-
ments, see the legend to Fig. 1.

CD8* and IFN-y/IL-4 ratios in the peripheral lymphocytes
of cows is known to indicate an immune-suppressive condi-
tion [12, 22]. IFN-y, which is produced by T cells, is a cen-
tral cytokine in the development of cellular immune
responses [27]. In this study, CD4*CD45R™ T cell counts
and IFN-y/IL-4 ratios remained lower in the Weight Loss
Group until month 2 after calving. CD4*CD45R™T cells are
activated helper T cells because CD45R is expressed on
non-activated T cells, and when activated, T cells lose
CD45R [1]. Naive CD4* T cells produce IL-2, but not IL-4
or IFN-y, while the Memory CD4* T cells produce mRNA
for IL-2, IL-4 and IFN-y after stimulation with mitogen [2].
This study confirmed that the dairy cows experiencing
excessive loss of body weight around calving were at
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increased risk of infection during the early lactating periods
due to suppression of T cells.

In dairy cows, increased circulating GH and decreased
circulating insulin during early lactation are well known to
promote the mobilization of adipose tissue stores needed to
supplement dietary energy consumption [26]. NEB is
known to be a key risk factor that causes increased incidence
of metabolic disease during the periparturient and early
postpartum periods. NEB induces large decreases in INS
concentrations and increases in GH resulting in substan-
tially lower BCS after calving [23]. Therefore, increased
GH and decreased insulin during early lactation are usually
observed in dairy cows, and our results showed a similar
pattern of hormonal changes during month 2. The insulin
concentration increased temporarily in the Weight Loss
Group during month 3. Amino acids and glucose act syner-
gistically to increase plasma insulin release in lactating
dairy cows [15]. In this study, the two group of cows were
fed using the same feeding conditions, it might be influence
to increased amino acid or glucose by the increase of indi-
vidual DMI in Weight Loss Group rather than changes in
quantity or contents of the feeding. However, the cause of
the changes in insulin was not clarified.

Previous study has demonstrated that GH and INS stimu-
late the proliferation or production of cytokines in activated
T cells [7, 22]. GH-R or INS-R are expressed on peripheral
leukocytes, and these cells are both targets for GH or INS
stimulation [8, 10]. These data provide a molecular basis to
study the factors controlling GH-R or INS-R expression and
regulation of immune function [5]. The lower GH-R
expression of the Weight Loss Group during month 2 might
have been due to depression of lymphocyte response stimu-
lated by PHA. Previous report have found that periparturi-
ent Holstein cows frequently experience
immunosuppression following reduction of glucose trans-
port activity in T cells [18]. We doubtful that GH played a
role in the immune system of the periparturient dairy cows
preventing the occurrence of infectious disease. However,
the effect of these two hormones against immune cells and
the role of their hormones receptors in activation of lympho-
cytes were not clear in the cows with serious body weight
loss.

This study indicated that the change in BW around calv-
ing was closely related to immune system function in the
dairy cows.. The cause of loss of BW in periparturient dairy
cows is not simple, and may be due to such factors as
depression of appetite, poor quality feed, poor feeding pro-
gram and drastically raised milk production. Complicated
metabolites may be involved in mobilizing body protein or
energy to compensate for insufficient nutrients in cows with
excessive loss of BW. Further studies are necessary to
define the roles of various hormones in the host immune
system, as well as the contributions of different metabolites
around the calving period.
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