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Abstract

Among the various systemic reactions against infection or injury, the acute phase response is the cascade of reaction and
mostly coordinated by cytokines-mediated acute phase proteins (APPs) production. Since APPs are sensitive innate immune
molecules, they are useful for early detection of inflammation in bovines and believed to be better discriminators than routine
hematological parameters. Therefore, the possibility of using APPs as a diagnostic and prognostic marker of inflammation
in major bovine health disorders including postpartum uterine infection has been explored by many workers. In this review,
we discussed specifically importance of postpartum uterine infection, the role of energy balance in uterine infections and
potential of APPs as a predictor of postpartum uterine infections during the transition period and its regulatory mechanism
in dairy cattle.
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period.
Introduction

The incidence of uterine infections in cows has
been reported between 10% and 50% with 10-20%
of metritis, 15% of clinical endometritis, and 15%
of subclinical endometritis [1-3]. Sheldon and
Dobson [2] reported that up to 40% of the animals
have a uterine infection during initial 2 weeks post-
partum, in which 10-15% show persisted infection for
at least another 3 weeks while 30-35% of cows have
subclinical endometritis between 4 and 9 weeks post-
partum [4]. The high prevalence of postpartum uterine
infections in buffalo cows (38.54%) and in crossbred
cows (up to 29.7%) was also reported in India [5,6].
Uterine infections cause inflammation, histological
alteration, delayed uterine involution, reduced pitu-
itary LH secretion, and disruption of ovarian follicu-
lar growth and its function in dairy cattle [7]. Dubuc
et al. [8] found 3.7 kg loss of milk production per
day in multiparous cows due to metritis. When con-
sidering reproductive parameters alone, reproductive
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inefficiency beyond 100 days postpartum results in an
estimated loss of $2.5 to $3 per cow per day, while
overall loss due to reproductive inefficiency has been
estimated to be $5.4 per cow per day [9]. With approx-
imately 100 dairy cows with 10% incidence of uterine
infections, the cost of uterine infections/cow/month
would be about $750-$1620.

Although more than 95% of the animals get
exposed to bacterial contaminations during calving,
only a few of them develop uterine disease, and it
could be the associated outcome of pathogens, animal,
and the environment. However, in a particular envi-
ronment with equal chances of exposure to pathogens,
the more susceptibility of some animals in the herd
suggested the greater importance of animal factor
over the environment or pathogen-related factors. In
fact, an impairment of immune functions during the
peri-partum period has an important role in determin-
ing whether an animal develops postpartum uterine
disease or not. However, the exact mechanism that
initiates and sustains the uterine inflammation is not
clear at present. Among the various factors, the energy
status of the peri-partum animals is one of the most
important determinants for the development of uter-
ine disease. Endocrine and metabolic changes around
parturition are believed to depress the uterine defense
mechanism, which favors the development of uterine
disease in dairy cattle [10,11]. The first response of the
innate immune system against uterine infection is the
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invasion of neutrophils into the uterus. However, the
invasion of neutrophils is determined by pro-inflam-
matory cytokines and other factors. Recently, Galvao
et al. [12] observed that lower expression of pro-in-
flammatory cytokines in the endometrium immedi-
ately after calving impaired the chemotaxis and acti-
vation of neutrophils which leads to the development
of endometritis in cows. Further, the functional capac-
ity of neutrophils is determined by many factors, and
negative energy balance (NEB) is believed to be an
important determinant [13].

Prevention and early treatment of postpartum
uterine infections are more economical than treatment
at a later stage when diseases get established. Thus,
early diagnosis or predictions of uterine infections are
important for effective postpartum management. Since
the postpartum complications are of multi-factorial
nature; it has been difficult to find out the biomarker
for early prediction of uterine infections. Recently,
many workers [7,14-16] have explored the possibil-
ity of bovine major acute phase proteins (APPs) such
as haptoglobins (Hp) and serum amyloid A (SAA) as
biomarkers to predict the postpartum uterine infec-
tions and found different results. Huzzey et al. [17]
suggested that acute phase response (APR) precedes
clinical metritis, and thus Hp screening may assist for
early detection of metritis. They [18] also found that
Hp concentration tended to be greater during pre-par-
tum cows that developed more than one disorder or
that died by 30 days in milk. Dubuc ef al. [19] reported
that Hp concentrations higher than 0.8 g/l during
1** week after parturition are a risk factor for endome-
tritis and purulent vaginal discharge. Although several
review regarding the role of APPs in dairy animals are
available [20,21], we are specifically discussing here
the potential of APPs as the predictor of postpartum
uterine infections during the transition period and its
regulatory mechanism in dairy cattle.

Uterine Immunology during Transition Period

Although, our understanding of the role of the
uterine immune system is still limited, it is believed
that uterine defense mechanisms play a major role
during the postpartum period. Cellular defense against
bacterial contaminants is mainly provided by uter-
ine leukocytes, in which neutrophils are the major
and primary defense molecule involved in bacterial
clearance after uterine infection [22]. Neutrophils are
short-lived (1-3 days) cells, and they have the ability
to migrate and engulf the foreign invaders. They exe-
cute their functions through oxygen-dependent free
radical-mediated killing (respiratory burst) or through
enzymatic killing of the pathogens. It is believed that
adequate recruitment of functionally active neutro-
phils in the uterus is foremost important for clearing
the bacteria [22]. In general, pathogen recognition
receptors on the endometrial cells and macrophages
mainly toll-like receptors, recognize the pathogen
through pathogen-associated molecular patterns and

secrete or release the mediators such as pro-inflam-
matory cytokines (interleukin [IL]-1f, IL-6, tumor
necrosis factor-a [TNF-a], etc.) and chemokines
(IL-8) [23], then IL-6, TNF-a, and IL-8 stimulate the
production of antimicrobial peptides by endometrial
cells or accelerate the polymorphonuclear (PMN)
cells infiltration into endometrium for elimination of
pathogens [24]. The function of TNF-a is to stimulate
the IL-8 expression and cell adhesion molecules on
vascular endothelium while IL-8 is a potent chemo-
attractant. However, the kinetics of neutrophils with
reference to the magnitude of movement and time of
appearance in the uterus depends on chemoattractant
produced by inflammation or bacterial stimulation,
energy state, hormonal influence, and other factors.
For instance, Zerbe et al. [25] reported that infusion
of human recombinant IL-8 into bovine uterus cause
attraction of PMN, while anti-IL-8 antibody prevented
the PMN-dependent PMN infiltration and subsequent
tissue damage. Although, this observation confirmed
the IL-8 role in normal animals, its role under the influ-
ence of uterine infections remains to be confirmed.
They also suggested the influence of bacteria and
its components on neutrophils entry into uterus [26].
Although, the cytokines are believed to play an
important role in neutrophil migration and clear-
ance of pathogens, higher or excessive expressions
of pro-inflammatory cytokines are often associated
with greater inflammation during the 1* or 2™ week
postpartum [27,28], while their lower expression in
the endometrium immediately after calving impaired
the chemotaxis and activation of neutrophils which
leads to development of endometritis in cows [12].
Collectively, it suggests that adequate stimulation of
pro-inflammatory cytokines is critical for the healthy
uterus and any changes in these cytokines synthesis
will adversely affect the uterine immunity.

Several authors suggested that changes in cyto-
kines levels during the peri-partum period could be
useful for predicting postpartum complications.
Ishikawa et al. [29] investigated the correlation
between the IL-6 concentration and the occurrence of
postpartum diseases and found that cows suffered with
endometritis had a higher level of pre-partum IL-6
than control. They suggested that alteration in the IL-6
concentration during pregnancy was one the useful
tool for predicting postpartum diseases in dairy cattle.
Kim et al. [11] reported that dairy cows suffered with
endometritis during the 3™ and 4" week postpartum
period had a higher concentration of TNF-a than nor-
mal cows. Islama et al. [30] observed the significantly
higher concentration of IL-10 in clinical metritis than
normal cows at 15 days before calving, at calving and
15 days postpartum. However, the significant differ-
ence was found only at 30 d postpartum for clinical
endometritis cows. Kasimanickam et al. [31] found
that cows with metritis or clinical endometritis had
higher serum concentrations of IL-1B, TNF-a, and
IL-6 compared to normal cows and suggested that
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loss of body conditions mediated increases in cyto-
kines and thereby prolonged the uterine inflammation
in dairy cows.

Energy Balance and Postpartum Uterine
Infections

Among the various factors, the energy status of
the postpartum animals is one of the most important
determinants for the development of uterine disease.
Hammon et al. [13] reported that cows in greater NEB
have more pronounced impairment of immune func-
tions and susceptibility to develop metritis or endo-
metritis. Among the various mediators, inflammatory
cytokines are believed to be as central integrators of
metabolic changes and immune function [32], par-
ticularly during the transition period. For instances,
slower increase of negative APPs such as albumin
and higher concentration of NEFA, BHBA in transi-
tion cows after administration of interferon alpha [33],
increased risk of ketosis in cows administered TNF-a
during late pregnancy [34], and possible role of IL-6
in ketosis [35] are suggestive for the role of cytokines
in metabolic disorders. Collectively, it suggests that
cytokines have an important role during the transition
period. NEB-mediated alterations of gene expression
and metabolites (NEFA or BHBA) also have an import-
ant role in uterine immunity. Beam and Butler [36]
observed that cows with severe NEB had increased
uterine pro-inflammatory cytokine gene expression at
2 weeks postpartum compared to moderate NEB cows.
Further, it was supported by the findings of Wathes
et al. [37] that NEB caused more expression of uterine
inflammation-associated genes (IL-1 and IL-8 recep-
tors). The higher concentrations of NEFA and BHBA
during pre-partum have been associated with postpar-
tum metritis and endometritis in cows, and it could
be mediated through impairment of neutrophils func-
tion [13,38]. Decreased concentrations of glycogen in
neutrophils and blood calcium were also suggested for
reduction of neutrophil function and thus favor post-
partum uterine infection [38]. Recently, Giuliodori
et al. [39] found that higher pre-partum NEFA and
postpartum BHBA levels increased the risk for endo-
metritis, whereas high pre-partum BUN reduced it.

Although the major consequence of uterine
infection is conception failure and subsequent cull-
ing [40], the possible mechanism for such outcome
remains unclear. Therefore, proper investigation of the
mechanism would be very useful for the development
of diagnostic or prognostic markers for postpartum
health assessment. Rossi ef al. [41] reported that NEB
can affect cow reproductive performances through
metabolic hormonal modifications. They suggested
that profound changes in the liver lead to a reduc-
tion in the concentration of growth hormone receptor
(GHR), insulin-like growth factor (IGF)-I level, IGF
binding proteins (IGFBPs), and the acid-labile subunit
while IGFBP-2 was increased. Collectively, it causes
the impairment of reproductive functions (Figure-1).

Metabolic and endocrine
changes in transition cows

,. . ’
X \. G fertility /

Delayed resumption of ovarian activity
& cyclicity, altered follicular grow th
poor oocyte maturation & quality
decreased E; synthesis

Figure-1: Effects of negative energy balance on
reproductive function. Up arrow indicate increase while
down arrows indicate a decrease.

Biomarkers in Uterine Infections

Identification of biomarkers against various dis-
eases becomes a major thrust area of research in this
“omic” era due to the discovery of new molecules and
technologies. Identification of biomarkers would be
useful to assess the pathophysiological status of the
animal and thus early diagnosis, treatment, and pre-
vention of economically important diseases including
postpartum uterine infections. Though some tradi-
tional markers (such as NEFA, BHBA, and feeding
behavior) are available to predict the postpartum
uterine infections, they were not successful due to its
variability between the conditions. Silva et al. [42]
explored the possible role of COX-2 and PGE, as bio-
markers (at transcription and protein level) and found
that they were not useful markers. Recently, Dubuc
et al. [19] suggested that higher pre-partum NEFA
concentration, dystokia, and RFM as important risk
factors for metritis while, ketosis as a risk factor for
subclinical endometritis and dystokia, twinning, and
metritis for clinical endometritis. Interestingly, they
found that increased Hp concentration during the
I* week of postpartum as a common risk factor for
all these conditions [19]. It suggested that despite
variation in clinical manifestations of postpartum
uterine infections, Hp could serve as a better indica-
tor for the postpartum performance of dairy animals.
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Cairoli et al. [43] found that the concentrations of Hp
and o, -acid glycoprotein (AGP) were fluctuated at the
time of calving and in cows affected with postpartum
endometritis.

Role of APPs in Bovine Reproduction

Following infection, injury or even with changes
in normal physiological homeostasis, a number of sys-
temic responses take place, and APR is one of them.
APR is a cascade of systemic reactions (Figure-2)
against inflammation, mostly coordinated by cyto-
kines, which are produced from macrophages or any
other inflammatory cells. Production of pro-inflam-
matory cytokines (mainly IL-1p, TNF-a, and IL-6) at
the site of injury, subsequently stimulates the produc-
tion of APPs from a local site or at the liver. APPs are
classified into three categories based on the: (1) mag-
nitude of elevation in blood (positive if they increase
or negative if they decrease), (2) time of APPs released
into blood in response to APR (first phase proteins are
elevated immediately and second phase proteins are
increased after 1-3 days), and (3) cytokines which
are responsible for its stimulation (IL-1- and IL-6-
dependent response). Collectively, it suggests that the
kinetics of APPs would differ based on APR, sever-
ity of infection and time course of infections. About
40 APPs have been identified in humans. Out of
which, nine APPs are well-studied in cattle. Among
these nine proteins, Hp and SAA are considered as
major, while AGP is moderate and fibrinogen (Fb) is
minor [20,44]. Further, the major APPs (Hp and SAA)
can also act as moderate APPs in bovines. Several
researchers observed that Hp concentrations are often
undetectable in healthy cattle [45] but increase about
50£100 times during an APR, making it the most

prominent APP in cattle [46]. On the other hand,
SAA is a low constitutive APP in cattle increasing
around 2+5 times or 10-fold during an APR [46,47].
Nevertheless, SAA seems to react faster than Hp
against APR [48], and thus SAA is considered as good
marker for acute clinical conditions [49] while Hp as
a better marker for chronic conditions [50].

The role of APPs following infection has
been extensively evaluated in human practice to
monitor pathogenesis of disease and efficacy of
treatment. In veterinary practice, the application
of APPs for the determination of health status in
domestic and pet animals was reviewed by various
authors [20,21,45,51]. In large ruminants, the role
of APPs in mastitis was extensively studied [52-55].
Krakowski and Zdzisinska [56] reported that major
bovine APPs plays an important role in the repro-
ductive processes through intensification of the
phagocytosis against the pathogens introduced into
the uterus and by the reconstruction of the endome-
trium. Indeed, the role of APPs in prediction, diagno-
sis, and treatment evaluation of postpartum uterine
infections was also reported by several researchers
[18,57-59]. Mordark [60], found a higher concen-
tration of Hp in cows with retained placenta, which
is believed to be an immune-mediated disorder.
Williams et al. [61] observed that cows with high
uterine pathogen growth density had higher periph-
eral concentrations of AGP, SAA, and Hp compared
to low uterine pathogen growth density cows during
7 and 14 days postpartum period. A positive correla-
tion between APPs level and severity of disease and
the extent of the tissue damage was also reported by
Baumann and Gauldie [62]. Further, they suggested
the differential kinetics of the APR between APPs,
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where AGP had more persistent effect than Hp or
SAA. In contrast, Pyorala [51] revealed that the AGP
levels did not correlate with the severity of disease
compared to Hp, and thus the capacity of AGP in dif-
ferentiating uterine infections was poor.

Measurements of serum Hp and SAA have been
widely used to diagnose the uterine infection in post-
partum cows. Hirvonen et al. [58] studied the diag-
nostic and prognostic efficacy of Hp and AGP in acute
metritis cows during postpartum period and found
increased plasma Hp concentration in metritic cows
and predicted the poor condition and low fertile cows.
Regassa and Noakes [63] reported that presence of
intrauterine infections did not affect the uterine invo-
lution in mule ewes. However, the Hp level was sig-
nificantly higher in the uterine infected ewes than the
healthy ewes. Sheldon et al. [64] found that uterine
involution was associated with a decrease in the con-
centrations of APPs (AGP, Hp, and CP). However,
the bacterial contamination increased the APPs irre-
spective of uterine involution status. It suggested that
APPs could be useful to differentiate between post-
partum infections with normal physiological events.
Horadagoda et al. [50] reported that assays of APP,
particularly Hp and SAA, might differentiate the
chronic from the acute inflammation in cattle in a
better way than the hematological tests. In contrast,
Humblet ef al. [14] suggested that Hp and SAA were
good markers for identification of healthy animals,
but their ability to identify the diseased animals was
low as most of the postpartum diseases were chronic
in nature. Further, they reported that physiological
status of a cow, particularly at parturition, can have
an influence on serum Hp concentration. Heidarpour
et al. [65], found that cows suffered with clinical
and subclinical endometritis had significantly higher
concentration of Hp. Schneider et al. [66] found that
cows diagnosed with uterine infection had a higher
concentration of Hp during 7 days postpartum.
Besides, Kova¢ et al. [67] studied the relationship
between APPs (Hp and SAA) and energy metabolites
(NEFA and BHBA) in dairy cows and found signifi-
cant correlations between Hp with NEFA as well as
BHBA and SAA with only NEFA. Various workers
reported a positive correlation between hormonal
status (estrogens, progesterone, and cortisol) and Hp
level during the last trimester of pregnancy and after
calving [68,69].

Smith et al. [57] evaluated the therapeutic effi-
cacy of different antimicrobial regimens through
serum Hp concentrations in cows suffered with toxic
puerperal metritis and found that the 5-day treat-
ments reduced the serum Hp concentration (19 mg/
dl vs. 7.35 mg/dl). Heidarpour et al. [65] reported
that Hp level was reduced after treatment in cows
suffered with clinical endometritis and cows had a
lower concentration of Hp (before treatment), shown
a better response to further treatment. In contrast,
Jeremejeva et al. [60] evaluated the effect of two

treatment strategies (ceftiofur + NSIAD and ceftio-
fur + PGF2a) in acute puerperal metritis and clinical
metritis cows through APPs (SAA and Hp) and found
no significant difference. Mordak [70] found that the
cows with highest Hp concentration were expelled
placenta after 4 days (2.22 g/lI) and cows with the
lowest concentration of Hp had been easily removed
the placenta (0.9 g/l).

Besides, the diagnostic and prognostic applica-
tions of APPs few studies were attempted to see the
dynamics of APPs with postpartum performance to
consider the potential role of APPs as a predictor for
uterine infections and subsequent conception. Chan
et al. [71] reported that cows suffered by postpartum
reproductive disorders had a significantly greater
concentration of Hp than the healthy animals with
no significant influence of season or pregnancy. It
suggests that Hp is not influenced by environment
or physiological status and thus a useful indicator
for cows with postpartum reproductive disorders.
Huzzey et al. [17] reported that mild and severe
metritis cows had higher Hp concentrations than
healthy cows in early postpartum period (between 0
and 12) and cows with >1 g/LL Hp concentrations on
day 3 postpartum were 6.7 times more susceptible
for severe or mild metritis with 50% sensitivity and
87% specificity. They suggested that APR precedes
clinical metritis, and thus Hp screening may assist for
early detection of metritis and opportunities for early
treatment or prevention. Chan et al. [16] found that
serum Hp concentrations in cows suffered with acute
puerperal metritis were significantly higher than clin-
ically healthy animals from 1 week pre-partum to
6-month postpartum period. In addition, among the
successfully pregnant animals, the number of days
open was significantly higher in cows had a higher
concentration of Hp than cows with a lower concen-
tration of Hp; suggest that Hp may also be a useful
predictor of postpartum reproductive performance.
Sabedra et al. [72] reported that elevated serum Hp
concentrations were associated with disease status
(healthy vs. infected), severity (healthy, moderate,
severe, or died), number, and type of disease (one or
more diseases such as metritis, ketosis and mastitis),
birth complications, and clinical onset of disease in
early lactation. Further, they suggested that serum Hp
concentrations may assist in early detection and treat-
ment of diseases in early lactation. Burke ef al. [73]
reported that among successfully pregnant animals,
the number of days open was significantly higher in
cows with a high concentration of Hp suggesting its
prediction ability of postpartum performance even in
the absence of uterine infections.

Recently Huzzy et al. [74] evaluated the
association between peri-partum (3 weeks before
calving to 10 days after calving) markers of stress
(cortisol), inflammation (Hp), and energy balance
(NEFA and BHBA) and milk yield and reproduc-
tive performance in HF cows and found negative
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association of Hp and other markers with milk yield
and reproductive performance. It suggested that
understanding of Hp dynamics during peri-partum
would be useful for assessing the opportunities for
improved milk yield and reproduction. Krause et al.
[75] evaluated the association between resumption
of postpartum ovarian activity, uterine health (PMN
cells and P, levels), severity of the NEB (through
NEFA, glucose and insulin levels), and the syn-
thesis of inflammatory mediators (albumin and Hp
levels and paraoxonase activity) during the transi-
tion period and found that cows resumed ovarian
activity early in the postpartum period had higher
albumin concentrations during peri-partum period.
However, they found no association between APPs
levels with subclinical endometritis incidence and
markers of energy indicators or milk yield with
postpartum cyclicity. It suggested that influences of
energy on APPs dynamics need to be further eval-
uated. Nightingale et al. [76] investigated the rela-
tionship between the intensity of the APR (through
classification of cows with low, medium and high
concentrations of Hp) and the metabolic status and
leukocyte responses of early postpartum cows and
found that postpartum reproductive performance
was impaired in cows with a greater APR (days open
in these groups were 123, 139, and 183 days, respec-
tively). They suggested that a stronger APR during
the early postpartum period is characterized by an
activated innate immune system, and a suppressed
mitogen-induced interferon-y secretion resulted in
impaired reproductive efficiency.

APPs and Cytokines Expression in Uterine
Tissues

APPs are primarily synthesized by the liver
against APR. However, there is increasing evidence
for the extra-hepatic expression of APPs for the local
needs. For instance, the APP synthesis in the mammary
gland is a well-known phenomenon during mastitis or
physiological changes such as involution. Chapwanya
et al. [28] reported that expression of SAA3 mRNA
was increased in early postpartum (2 weeks) compared
to late postpartum (9 weeks) cows and SAA reflected
the severity of inflammation. They also revealed
that the SAA expression was higher than Hp mRNA
expression. Gabler et al. [77] revealed time-related
expression of inflammatory cytokines and APPs, with
significant peak expression on the day 17 postpartum
period as a possible mucosal immune response in the
uterus. In addition, they found that IL-1p, IL-8, and
Hp mRNA expression were correlated significantly
with the proportion of PMN. Collectively, it suggests
that the dynamics of these APPs differs between nor-
mal and inflamed uterus and it needs further investi-
gation. Further, the moderate level of expression of
AGP in the healthy uterus has been reported by some
researchers [78,79], but there is no information on
AGP expression in the infected uterus.

Fischer et al. [24] found that the expression of
IL-1B, IL-8, and TNF- a mRNA was significantly
higher in cows with subclinical or clinical endometritis
compared with healthy cows while there was no indi-
cation or correlation with uterine health for IL-6 and
Hp transcripts. They suggested that IL-1p, IL-8, and
TNF-a might represent potential marker genes for the
detection of cows with subclinical endometritis and
for monitoring new therapeutic approaches. Ghasemi
et al. [80] found 20, 30, and more than 50-fold higher
mRNA expression of TNF-a, IL-6, and IL-8 level,
respectively, in subclinical endometritis than healthy
cows. They suggested that [L-8 gene expression might
be useful to predict endometrial inflammation. Galvao
et al. [81] found that Escherichia coli-stimulated
monocytes from cows with metritis had lower expres-
sion of TNF-a, IL-1B, and IL-6 than healthy coun-
terpart while there were no significant differences in
IL-8 or IL-10 expression in these cows. Collectively,
it suggested that pro-inflammatory cytokines expres-
sions are differentially altered during postpartum uter-
ine infections.

Loyi et al. [82] found several fold higher expres-
sion of cytokines (IL-1P, IL-6, IL-8, and TNF-a) in
endometritic samples while significant up-regulation
of CD14, IL-6, IL-8, and TNF-a mRNA in subclini-
cal endometritic buffaloes samples collected from the
abattoir. Chapwanya et al. [83] found that expression
of IL-1B, TNF-a, and SAA3 genes were increased
by 121-, 357-, and 721-fold, respectively, during 6 h
post E. coli stimulation. However, 1L-1B, IL-6, IL-8,
and TNF-a gene expression was decreased, whereas
SAA3 expression was further increased to 3452-fold
after 24 h of E. coli stimulation compared to 6 h. They
suggested that better understanding of localized endo-
metrial expression of SAA3 was needed to use SAA
as a sensitive diagnostic marker for E. coli infection
in cattle.

Transcriptional Regulation of APP Production

Although, APR and subsequent changes in serum
concentrations of APPs are known for almost a cen-
tury, the biological importance of the different APPs
and molecular mechanisms controlling their expres-
sion is just beginning to emerge. The expressions of
APPs in hepatocytes are mostly controlled at the tran-
scriptional level by different transcriptional factors
such as signal transducer and activator of transcription
(STAT) family [84] and NF-kB [85]. However, the
transcription factors involved in the regulation of each
APPs and in species are differed. For instance, the
transcriptional regulation of SAA gene is mainly con-
trolled by NF-kB [86], while of fibrinogens, o, -macro-
globulin, or o -antichymotrypsin strongly depends on
STAT3. Regarding individual APP regulation, NF-kB
plays an essential role for the transcriptional up-reg-
ulation of the SAA [87,88] or AGP expression [89].
Several reports further indicated that the expression
of SAA is cooperatively regulated by NF-kB and
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STAT3 [90,91]. Therefore, understanding the role of
APPs in innate immunity, detailed knowledge of its
regulations and functions of different proteins, and
their mutual interrelationship are required [92].

Conclusion

Early predictions of economically important
diseases including postpartum uterine infections are
very important for optimizing productive and repro-
ductive performance in dairy animals. On other hand,
estimation of major APPs such as Hp and SAA are
seems to be very useful during the transition period
for prediction of animals at risk, evaluation of treat-
ment outcome and prognosis of the disease. Although
the available results suggested that APPs could dif-
ferentiate the healthy and inflamed uterus in advance,
studies on the cellular and molecular mechanism of
APPs regulation during transition or early postpartum
period are required. Such studies in naturally infected
(with appropriate diagnosis) animals could further
strengthen the existing evidence as transition period
has differential immune, hormonal, and energy sta-
tus. Further, it is believed that the Indian cattle are
less susceptible or more resistant to diseases due to
the strong innate immune system in these animals.
Therefore, the correlation between APPs level and
postpartum performance during early lactation are
needed to be studied in indigenous animals for better
understanding.

Authors’ Contributions

AM, AK, SJ, TKM, VS, and DND conceptual-
ized the concept of this review paper. AM and SJ pre-
pared the final figures and manuscript. NK, SL, MAP,
PM, and AA assisted in collecting and compiling the
resource material and in manuscript preparation. All
authors read and approved the final manuscript.

Acknowledgments

The authors are thankful to Head, SRS, and
Director, ICAR - NDRI for providing needful
facilities. The fund for the study was provided by
ICAR - NDRI, Karnal.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Lewis, G.S. (1997) Symposium: Health problems of the
postpartum cow. J. Dairy Sci., 80: 984-994.

2. Sheldon, .M. and Dobson, H. (2004) Postpartum uterine
health in cattle. Anim. Reprod. Sci., 82-83: 295-306.

3. LeBlanc, S.J., Osawa, T. and Dubuc, J. (2011) Reproductive
tract defense and disease in postpartum dairy cows.
Theriogenology, 76(9): 1610-1618.

4. LeBlanc, S.J. (2008) Production diseases of the transition
cow. Postpartum uterine diseases and dairy herd reproduc-
tive performance: A review. Vet. J., 176(1): 102-114.

5. Rantibioticn, S.R.P. and Bawa, S.J.S. (1977) Incidence of
pre and postpartum reproductive disorders in buffaloes.
Haryana Vet., 16: 99-101.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pal, S. (2003) Investigation on health disorder in dairy cattle
and buffaloes during pre and postpartum period. M.V.Sc.
Thesis Submitted to NDRI, Karnal.

Williams, E.J., Fischer, D.P., Pfeiffer, D.U., England, G.C.W.,
Noakes, D.E., Dobson, H. and Sheldon, .M. (2005)
Clinical evaluation of postpartum vaginal mucus reflects
uterine bacterial infection and the immune response in cat-
tle. Theriogenology, 63: 102-117.

Dubuc, J., Duffield, T.F., Leslie, K.E., Walton, J.S. and
LeBlanc, S.J. (2011a) Impact of postpartum uterine diseases
on milk production and culling in dairy cows. J. Dairy Sci.,
94(3): 1339-1346.

Plaizier, J.C., King, G.J., Dekkers, J.C. and Lissemore, K.
(1997) Estimation of economic values of indices for repro-
ductive performance in dairy herds using computer simula-
tion. J. Dairy Sci., 80(11): 2775-2783.

Mateus, L., Costa, L.L.D., Bernardo, F. and Silva, J.R.
(2002) Influence of puerperal uterine infection on uterine
involution and postpartum ovarian activity in dairy cows.
Reprod. Dom. Anim., 37(1): 31-35.

Kim, LLH., Na, K.J. and Yang, M.P. (2005) Immune
responses during the peripartum period in dairy cows with
postpartum endometritis. J. Reprod. Dev., 51: 757-764.
Galvao, K.N., Santos, N.R., Galvao, J.S. and Gilbert, R.O.
(2011) Association between endometritis and endome-
trial cytokine expression in postpartum Holstein cows.
Theriogenology, 76: 290-299.

Hammon, D.S., Evjen, .M., Dhiman, T.R., Goff, J.P. and
Walters, J.L. (2006) Neutrophil function and energy sta-
tus in Holstein cows with uterine health disorders. Ver.
Immunol. Immunopathol., 113: 21-29.

Humblet, M.F., Guyot, H., Boudry, B., Mbayahi, F.,
Hanzen, C., Rollin, F. and Godeau, J.M. (2006) Relationship
between haptoglobin, serum amyloid A, and clinical status
in a survey of dairy herds during a 6-month period. Vet.
Clin. Pathol., 35: 188-193.

Kovac, G., Popelkova, M., Tkacikova, L., Burdova, O. and
Thnat, O. (2007) Interrelationship between somatic cell
count and acute phase proteins in serum and milk of dairy
cows. Acta Vet. Brno., 76: 51-57.

Chan, J.P.W., Chang, C.C., Chin, C., Hsu, W.L., Liu, W.B.
and Chen, T.H. (2010) Association of increased serum
acute-phase protein concentrations with reproductive per-
formance in dairy cows with postpartum metritis. Vez. Clin.
Pathol., 39(1): 72-78.

Huzzey, J.M., Duffield, T.F., LeBlanc, S.J., Veira, D.M.,
Weary, D.M. and von Keyserlingk, M.A.G. (2009) Short
communication: Haptoglobin as an early indicator of metri-
tis. J. Dairy Sci., 92(2): 621-625.

Huzzey, J.M., Nydam, D.V., Grant, R.J. and Overton, T.R.
(2011) Associations of prepartum plasma cortisol, hapto-
globin, fecal cortisol metabolites, and nonesterified fatty
acids with postpartum health status in Holstein dairy cows.
J. Dairy Sci., 94(12): 5878-5889.

Dubuc, J., Duffield, T.F., Leslie, K.E., Walton, J.S. and
LeBlanc, S.J. (2010) Risk factors for postpartum uterine
diseases in dairy cows. J. Dairy Sci., 93(12): 5764-5771.
Eckersall, P.D. and Bell, R. (2010) Acute phase proteins:
Biomarkers of infection and inflammation in veterinary
medicine. Vet. J., 185(1): 23-27.

Ceciliani, F., Ceron, J.J., Eckersall, P.D. and Sauerwein, H.
(2012) Acute phase proteins in ruminants. J. Proteomics,
75(14): 4207-4231.

Gilbert, R.O., Santos, N.R., Galvao, K.N., Brittin, S.B. and
Roman, H.B. (2007) The relationship between postpartum
uterine bacterial infection (BI) and subclinical endometritis
(SE). J. Dairy Sci., 90(1): 469.

Beutler, B., Hoebe, K., Du, X. and Ulevitch, R.J. (2003)
How we detect microbes and respond to them: Toll-like
receptors and their transducers. J. Leuk. Biol., 74: 479-485.
Fischer, C., Drillich, M., Odau, S., Heuwieser, W., Einspanier,
R. and Gabler, C. (2010) Selected pro-inflammatory factor

Veterinary World, EISSN: 2231-0916

97



Available at www.veterinaryworld.org/Vol.9/January-2016/16.pdf

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

transcripts in bovine endometrial epithelial cells are reg-
ulated during the oestrous cycle and elevated in case of
subclinical or clinical endometritis. Reprod. Fertil. Dev.,
22: 818-829.

Zerbe, H., Schuberth, H.J., Engelke, F., Frank, J., Klug, E.
and Leibold, W. (2003) Development and comparison of
in vivo and in vitro models for endometritis in cows and
mares. Theriogenology, 60: 209-223.

Zerbe, H., Obadnik, C., Leibold, W. and Schuberth, H.J.
(2001)  Influence  of  Escherichia  coli  and
Arcanobacteriumpyogenes isolated from bovine puerperal
uteri on phenotypic and functional properties of neutrophils.
Vet. Microbiol., 79: 351-365.

Herath, S., Lilly, S.T., Santos, N.R., Gilbert, R.O., Goetze, L.,
Bryant, C.E., White, J.O., Cronin, J. and Sheldon, .M.
(2009) Expression of genes associated with immunity in
the endometrium of cattle with disparate postpartum uterine
disease and fertility. Reprod. Biol. Endocrinol., 7: 55.
Chapwanya, A., Meade, K.G., Doherty, M.L., Callanan, J.J.,
Mee, J.F. and O’Farrelly, C. (2009) Histopathological and
molecular evaluation of Holstein-Friesian cows postpar-
tum: Toward an improved understanding of uterine innate
immunity. Theriogenology, 71: 1396-1407.

Ishikawa, Y., Nakada, K., Hagiwara, K., Kirisawa, R.,
Iwai, H., Moriyoshi, M. and Sawamukai, Y. (2004) Changes
in interleukin-6 concentration in peripheral blood of pre-and
post-partum dairy cattle and its relationship to postpartum
reproductive diseases. J. Vet. Med. Sci., 66(11): 1403-1408.
Islama, R., Kumar, H., Nandi, S. and Rai, R.B. (2013)
Determination of anti-inflammatory cytokine in peripartu-
rient cows for prediction of postpartum reproductive dis-
eases. Theriogenology, 79: 974-979.

Kasimanickam, R.K., Kasimanickam, V.R., Olsen, J.R.,
Jeffress, E.J., Moore, D.A. and Kastelic, J.P. (2013)
Associations among serum pro-and anti-inflammatory cyto-
kines, metabolic mediators, body condition, and uterine dis-
ease in postpartum dairy cows. Reprod. Biol. Endocrinol.,
11: 103.

Sordillo, L.M., Pighetti, G.M. and Davis, M.R. (1995)
Enhanced production of bovine tumor necrosis fac-
tor-alpha during the periparturientperiod. Vet. Immunol.
Immunopathol., 49: 263-270.

Trevisi, E., Amadori, M., Bakudila, A.M. and Bertoni, G.
(2009) Metabolic changes in dairy cows induced by
oral, low-dose interferon-alpha treatment. J. Anim. Sci.,
87:3020-3029.

Bradford, B.J., Mamedova, L.K., Minton, J.E.,
Drouillard, J.S. and Johnson. B.J. (2009) Daily injection of
tumor necrosis factor-o increases hepatic triglycerides and
alters transcript abundance of metabolic genes in lactating
dairy cattle. J. Nutr., 139: 1451-1456.

Loor, J.J. and Everts, R.E. (2007) Nutrition-induced keto-
sis alters metabolic and signaling gene networks in liver
of periparturient dairy cows. Physiol. Genomics., 32(1):
105-116.

Beam, S.W. and Butler, W.R. (1998) Energy balance, met-
abolic hormones, and early postpartum follicular devel-
opment in dairy cows fed prilled lipid. J. Dairy Sci.,
81:121-131.

Wathes, D.C., Cheng, Z., Chowdhury, W., Fenwick, M.A.,
Fitzpatrick, R., Morris, D.G., Patton, J. and Murphy, J.J.
(2009) Negative energy balance alters global gene expres-
sion and immune responses in the uterus of postpartum
dairy cows. Physiol. Genomics., 39: 1-13.

Galvao, K.N., Flaminio, M.J.B., Brittin, S.B., Sper, R.,
Fraga, M., Caixeta, L., Ricci, A., Guard, C.L., Butler, W.R.
and Gilbert, R.O. (2010) Association between uterine dis-
ease and indicators of neutrophil and systemic energy status
in lactating Holstein cows. J. Dairy Sci., 93: 2926-2937.
Giuliodori, M.J., Magnasco, R.P., Becu-Villalobos, D.,
Lacau-Mengido, .M., Risco, C.A. and De la Sota, R.L.
(2013) Clinical endometritis in an Argentinean herd of dairy

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

cows: Risk factors and reproductive efficiency. J. Dairy
Sci., 96(1): 210-218.

Bell, M.J. and Roberts, D.J. (2007) The impact of uterine
infection on a dairy cow’s performance. Theriogenology,
68: 1074-1079.

Rossi, F., Righi, F., Romanelli, S. and Quarantelli, A.
(2008) Reproductive efficiency of dairy cows under nega-
tive energy balance conditions. Ann. Fac. Med. Vet. Parma.,
28: 173-180.

Silva, E., Gaivao, M., Leitao, S., Antibioticro, A. and
Costa, L.L. (2008) Blood COX-2 and PGES gene transcrip-
tion during the peripartum period of dairy cows with nor-
mal puerperium or with uterine infection. Domest. Anim.
Endocrinol., 35: 314-323.

Cairoli, F., Battocchio, M., Veronesi, M.C., Brambilla, D.,
Conserva, F., Eberini, 1., Wait, R. and Gianazza, E. (2006)
Serum protein pattern during cow pregnancy: Acute-phase
proteins increase in the Peripartum period. Electrophoresis,
27:1617-1625.

Petersen, H.H., Nielsen, J.P. and Heegaard, P.M.H. (2004)
Application of acute phase protein measurement in veteri-
nary clinical chemistry. Vet. Res., 35: 163-187.

Eckersall, P.D. and Conner, J.G. (1988) Bovine and canine
acute phase proteins. Vet. Res., 12(2-3): 169-178.
Alsemgeest, S.P.M., Kalsbeek, H.C., Wensing, T.,
Koeman, J.P., Van Ederen, A.M. and Gruys, E. (1994)
Concentrations of SAA (SAA) and haptoglobin (Hp) as
parameters of inflammatory diseases in cattle. Vet Q.
16:21-23.

Gruys, E., Ederen, A.M., Alsemgeest, S.P.M., Kalsbeek, H.C.
and Wensing, T. (1993) Acute phase protein values in blood
of cattle as indicator of animals with pathological process.
Arch. Lebensmittel Hyg., 44(5): 107-111.

Horadagoda, A., Eckersall, P.D., Hodgson, J.C., Gibbs, H.A.
and Moon, G.M. (1994) Immediate responses in serum
TNF-a and acute phase protein concentrations to infection
with Pasteurella haemolytica Al in calves. Res. Vet. Sci.,
57:129-132.

Horadagoda, N.U., Knox, KM.G., Gibbs, H.A.,
Reid, S.W.J., Horadagoda, A., Edwards, S.E.R. and
Eckersall, P.D. (1999) Acute phase proteins in cattle:
Discrimination between acute and chronic inflammation.
Vet. Rec., 144: 437-441.

Pyorala, S. (2000) Hirvonen’s Thesis on Acute Phase
Response in Dairy Cattle. Finnland: University of Helsinki.
Murata, H., Shimada, N. and Yoshioka, M. (2004) Current
research on acute phase proteins in veterinary diagnosis: An
overview. Vet. J., 168: 28-40.

Eckersall, P.D., Young, F.J., McComb, C., Hogarth, C.J.,
Safi, S., Weber, A., McDonald, T., Nolan, A.M. and
Fitzpatrick, J.L. (2001) Acute phase proteins in serum
and milk from dairy cows with clinical mastitis. Vet. Rec.,
148(2): 35-41.

Suojala, L., Orro, T., Jarvinen, H., Saatsi, J. and Pyorala, S.
(2008) Acute phase response in two consecutive experi-
mentally induced E. coli intra-mammary infections in dairy
cows. Acta Vet. Scand., 50: 18.

Wenz, J.R., Fox, L.K., Muller, F.J., Rinaldi, M., Zeng, R.
and Bannerman, D.D. (2010) Factors associated with con-
centrations of select cytokine and acute phase proteins
in dairy cows with naturally occurring clinical mastitis.
J. Dairy Sci., 93: 2458-2470.

Larsen, T., Rontved, C.M., Ingvartsen, K.L., Vels, L. and
Bjerring, M. (2010) Enzyme activity and acute phase pro-
teins in milk utilized as indicators of acute clinical E. coli
LPS-induced mastitis. Animal, 4: 1672-1679.

Krakowski, L. and Zdzisinska, B. (2007) Selected cytokines
and acute phase proteins in heifers during the ovarian cycle
course and in different pregnancy periods. Bull. Vet. Inst.
Pulway., 51: 31-36.

Smith, B.I., Donovan, G.A., Risco, C., Littell, R., Young, C.,
Stanker, L.H. and Elliott, J. (1998b) Comparison of various

Veterinary World, EISSN: 2231-0916

98



Available at www.veterinaryworld.org/Vol.9/January-2016/16.pdf

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

antibiotic treatments for cows diagnosed with toxic puer-
peral metritis. J. Dairy Sci., 81(6): 1555-1562.

Hirvonen, J., Huszenicza, G., Kulcsar, M. and Pyorala, S.,
(1999) Acute-phase response in dairy cows with acute post-
partum metritis. Theriogenology, 51: 1071-1083.
Jeremejeva, J., Orro, T., Waldmann, A. and Kask, K. (2012)
Treatment of dairy cows with PGF2a or NSAID, in com-
bination with antibiotics, in cases of postpartum uterine
inflammation. Acta Vet. Scand., 54: 45.

Mordark, R. (2009) Postpartum serum concentration of
haptoglobin in cows with fetal membranes retention. Cattle
Pract., 17: 100-102.

Williams, E.J., Fischer, D.P., Noakes, D.E., England, G.C.,
Rycroft, A., Dobson, H. and Sheldon, I.M. (2007) The rela-
tionship between uterine pathogen growth density and ovar-
ian function in the postpartum dairy cow. Theriogenology,
68: 549-559.

Baumann, H. and Gauldie, J. (1994) The acute phase
response. Immunol. Today, 15: 74-80.

Regassa, F. and Noakes, D.E. (1999) Acute phase protein
response of ewes and the release of PGFM in relation to
uterine involution and the presence of intrauterine bacteria.
Vet. Rec., 144: 502-506.

Sheldon, I.M., Noakes, D.E., Rycroft, A.N. and Dobson, H.
(2001) Acute phase protein responses to uterine bacterial
contamination in cattle after calving. Vet. Rec., 148(6):
172-175.

Heidarpour, M., Mohri, M., Fallah Rad, A.H., Shahreza, F.D.
and Mohammadi, M. (2012) Acute-phase protein concen-
tration and metabolic status affect the outcome of treatment
in cows with clinical and subclinical endometritis. Vet. Rec.,
171: 1-5.

Schneider, A., Corréa, M.N. and Butler, W.R. (2013) Acute
phase proteins in Holstein cows diagnosed with uterine
infection. Res. Vet. Sci., 95(1): 269-271.

Kovac, G., Tothova, C., Nagy, O., Seidel, H. and
Konvicna, J. (2009) Acute phase proteins and their relation
to energy metabolites in dairy cows during the pre- and
postpartal period. Acta Vet. Brno., 78: 441-447.

Young, C.R., Eckersall, P.D., Saini, P.K. and Stanker, L.
(1995) Validation of immunoassays for bovine haptoglobin.
Vet. Immunol. Immunopathol., 49: 1-13.

Alsemgeest, S.P.M., Vant Clooster, G.A.E., Van Miert,A.S.J.,
Hulskamp-Koch, C.K. and Gruys, E. (1996) Primary bovine
hepatocytes in the study of cytokine induced acute-phase
protein secretion in vitro. Vet. Immunol. Immunopathol.,
53:179-184.

Mordak, R. (2008) Usefulness of haptoglobin for monitor-
ing the efficiency of therapy of fetal membrane retention in
cows. Med. Wet., 64(4A): 434-443.

Chan, J.P.,, Chu, C.C., Fung, H.P., Chuang, S.T., Lin, Y.C.,
Chu, R.M. and Lee, S.L. (2004) Serum haptoglobin concen-
tration in cattle. J. Vet. Med. Sci., 66(1): 43-46.

Sabedra, D.A. (2012) Thesis on Serum Haptoglobin as an
Indicator for Calving Difficulties and Postpartal Diseases in
Transition Dairy Cows. An Undergraduate Thesis Submitted
to Oregon State University.

Burke, C.R., Meier, S., McDougall, S., Compton, C.,
Mitchell, M. and Roche, J.R. (2010) Relationships between
endometritis and metabolic state during the transition period
in pasture-grazed dairy cows. J. Dairy Sci., 93: 5363-5373.
Huzzey, J.M., Mann, S., Nydam, D.V., Grant, R.J. and
Overton, T.R. (2015) Associations of peripartum markers
of stress and inflammation with milk yield and reproduc-
tive performance in Holstein dairy cows. Prev. Vet. Med.,
120(3-4): 291-297.

Krausea, A.R.T., Pfeifer, L.F.M., Montagnera, P.,
Weschenfeldera, M.M., Schweglera, E., Limaa,
M.E., Xavierb, E.G., Braunera, C.C., Schmittc, E.,

Del Pinoa, F.A.B., Martinsa, C.F., Corréaa, M.N. and
Schneidera, A. (2014) Associations between resump-
tion of postpartum ovarian activity, uterine health and

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

concentrations of metabolites and acute phase proteins
during the transition period in Holstein cows. Anim. Reprod.
Sci., 145: 8-14.

Nightingale, C.R., Sellers, M.D. and Ballou, M.A. (2015)
Elevated plasma haptoglobin concentrations following par-
turition are associated with elevated leukocyte responses
and decreased subsequent reproductive efficiency in mul-
tiparous Holstein dairy cows. Vet. Immunol. Immunopathol.,
164: 16-23.

Gabler, C., Fischer, C., Drillich, M., Einspanier, R. and
Heuwieser, W. (2010) Time-dependent mRNA expression
of selected pro-inflammatory factors in the endometrium of
primiparous cows postpartum. Reprod. Biol. Endocrinol.,
8:152.

Lecchi, C., Avallone, G., Giurovich, M.M., Roccabianca, P.
and Ceciliani, F. (2009) Extra hepatic expression of the
acute phase protein alpha 1-acid glycoprotein in normal
bovine tissues. Vet. J., 180(2): 256-258.

Rahman, M.M. and Lecchi, C. (2010) Lipopolysaccharide-
binding protein: Local expression in bovine extrahepatic
tissues. Vet. Immunol. Immunopathol., 137: 28-35.
Ghasemi, F., Gonzalez-Cano, P., Griebel, P.J. and Palmer, C.
(2012) Proinflammatory cytokine gene expression in endo-
metrial cytobrush samples harvested from cows with and
without subclinical endometritis. Theriogenology, 78(7):
1538-1547.

Galvao, K.N., Felippe, M.J., Brittin, S.B., Sper, R.,
Fraga, M., Galvdo, J.S., Caixeta, L., Guard, C.L., Ricci, A.
and Gilbert, R.O. (2012) Evaluation of cytokine expression
by blood monocytes of lactating Holstein cows with or
without postpartum uterine disease. Theriogenology, 77(2):
356-372.

Loyi, T., Kumar, H., Nandji, S., Mathapati, B.S., Patra, M.K.
and Pattnaik, B. (2013) Differential expression of pro-in-
flammatory cytokines in endometrial tissue of buffaloes
with clinical and sub-clinical endometritis. Res. Vet. Sci.,
94: 336-340.

Chapwanya, A., Meade, K.G., Doherty, M.L., Callanan, J.J.
and O’Farrellya, C. (2013) Endometrial epithelial cells
are potent producers of tracheal antimicrobial peptide and
serum amyloid A3 gene expression in response to E. coli
stimulation. Vet. Immunol. Immunopathol., 151(1-2):
157-162.

Heinrich, P.C., Behrmann, I., Muller-Newen, G., Schaper, F.
and Graeve, L. (1998) Interleukin-6-type cytokine signal-
ling through the gp130/Jak/STAT pathway. Biochem. J.,
334:297-314.

Agrawal, A., Cha-Molstad, H., Samols, D. and Kushner, I.
(2003) Over expressed nuclear factor-kappa B can par-
ticipate in endogenous C-reactive protein induction, and
enhances the effects of C/EBP beta and signal transducer
and activator of transcription-3. Immunology, 108: 539-547.
Jensen, L.E. and Whitehead, A.S. (1998) Regulation of
serum amyloid A protein expression during the acute-phase
response. Biochem. J., 334: 489-503.

Betts, J.C., Cheshire, J.K., Akira, S., Kishimoto, T. and
Woo, P. (1993) The role of NF-kappa B and NF-IL6 trans
activating factors in the synergistic activation of human
serum amyloid A gene expression by interleukin-1 and
interleukin-6. J. Biol. Chem., 268: 25624-25631.
Edbrooke, M.R., Foldi, J., Cheshire, J.K., Li, F., Faulkes, D.J.
and Woo, P. (1991) Constitutive and NF-kappa B-like pro-
teins in the regulation of the serum amyloid A gene by inter-
leukin-1. Cytokine, 3: 380-388.

Lee, Y.M., Miau, L.H., Chang, C.J. and Lee, S.C. (1996)
Transcriptional induction of the alpha-1 acid glycopro-
tein (AGP) gene by synergistic interaction of two alter-
native activator forms of AGP/enhancer-binding protein
(C/EBP beta) and NF-kappa B or Nopp140. Mol. Cell. Biol.,
16: 4257-4263.

Hagihara, K., Nishikawa, T., Sugantibioticta, Y., Song, J.,
Isobe, T., Taga, T. and Yoshizaki, K. (2005) Essential role

Veterinary World, EISSN: 2231-0916

99



Available at www.veterinaryworld.org/Vol.9/January-2016/16.pdf

of STAT3 in cytokine-driven NF-kappaB-mediated serum 92. Bode, J.G., Albrecht, U., Haussinger, D., Heinrich, P.C. and

amyloid A gene expression. Genes Cells, 10: 1051-1063. Schaper, F. (2012) Hepatic acute phase proteins-regulation
91.  Quinton, L.J., Jones, M.R., Robson, B.E. and Mizgerd, J.P. by IL-6-and IL-1-type cytokines involving STAT3 and its
(2009) Mechanisms of the hepatic acute-phase response crosstalk with NF-kB-dependent signaling. Eur J. Cell
during bacterial pneumonia. Infect. Immu., 77: 2417-2426. Biol., 91: 496-505.
seoskoskoskoskskoskok

Veterinary World, EISSN: 2231-0916

100




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


