UDC 577
Original scientific papers

THE EFFECT OF NUTRITIONAL STATUS ON THE MAGNITUDE
OF ACUTE PHASE PROTEIN RESPONSE IN FEMALE RATS

Ilijana GRIGOROV*, Tanja MILOSAVL{EVIC’, ;
Desanka BOGOJEVIC, Svetlana IVANOVIC-MATIC,
Miodrag PETROVIC and Aleksandra USKOKOVIC

Department for Molecular Biology, Institute for Biological Research
“Sinisa Stankovic¢”, Belgrade, Serbia and Montenegro

Grigorov Ilijana, Tanja Milosavljevi¢, Desanka Bogojevié,
Svetlana Ivanovic-Mati¢, Miodrag Petrovi¢ and Aleksandra Uskokovic
(2003): The effect of nutritional status on the magnitude of acute phase
protein response in female rats. - Iugoslav. Physiol. Pharmacol. Acta,
Vol. 39, No. 1, 9-16, Beograd.

In response to inflammation, infection and tissue injury, the
sequence of events known as acute-phase (AP) response is induced and
a number of plasma proteins, called acute-phase proteins (APPs) are
synthesized in the liver, as a part of the host defence mechanism. Any
condition which impairs acute phase protein response (APPR) and hence
organism’s ability to restore homeostasis may limit its survival in various
stress circumstances. Malnutrition is well-known causes of several
metabolic, immune and neuroendocrine dysfunctions and this study was
aimed at investigating its effect on the magnitude of normal APPR and
in relation to turpentine injury. Malnutrition in female Wistar rats was
induced by food restriction during six weeks period until they riched and
kept body weight to 50% of that of ad libitum fed mates. Results of
rocket immunoelectrophoresis revealed that malnutrition alone or in
conjunction with turpentine was capable of elevating an expression of
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one of APPs, haptoglobin (Hp). Based on the studies of liver-specific
regulatory proteins that bind to hormone regulatory elements of Hp gene
and thus determine its expression we found that malnutrition probably
modulated Hp response by changing the expression of active members of
C/EBP, STAT and NF-kB transcription factor families.
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INTRODUCTION

Following injury and infection, various immunological, inflammatory
and metabolic changes occur to promote repair and healing. These changes are
mediated by a number of endogenous factors, including cytokines, hormones and
growth factors (Lowry 1992; Baumann and Gauldie, 1994). Early activation of the
cytokine network through interleukin-6 (IL-6), IL-1f and tumor necrosis factor
(TNF-o), is of particular importance in inducing the APPR (SMITH et al., 1992;.
BAUMANN and GAULDIE, 1994). These proteins, synthesized in the liver, play
widespread roles in limiting tissue damage and aiding recovery (MACKIEWICZ,
1997) and any condition which impairs APPR may limit survival from injury .

Some studies have indicated that the host ability to respond to and recover
from various stress stimuli depends of age and/or nutritional status. It was found
that obesity (TscHop and HEMAN, 2001) and malnutrition affects reproductive,
adypocite, metabolic and neuroendocrine functions (PERALTA et al., 2002; TAPPY et
al., 2000). GIOVAMBATISTA et al. (2000) have shown that malnutrition induced basal
hypoglycemia, hypotrigliceridemia, hypoleptinemia, hypercorticosteronemia and
enhanced adrenal glucocorticoid content in female rats. Hepatic stimulation of APP
synthesis is incorporated in the complex interchange of proinflammatory cytokines
and glucocorticoids resulting in a specific assembly of induced transcription factors
on the APP gene regulatory elements (MACKIEWICZ, 1997). Therefore, through
modulation of immune and neuroendocrine functions malnutrition could change
gene expression of certain liver-specific regulatory proteins, which would increase
or decrease their steady state level in the cell and thus affect the total amount of their
transcriptional activity that is available for regulating the expression of target
genes. Roesler (2001) has already reported that transactivating capacity of C/EBPs
(CCAAT enhancer binding proteins), a family of transcription factors with
important roles in constitutive regulation of APPR and energy metabolism, can be
modulated by different nutrients.

This study attempts to provide insight into the mechanism whereby
malnutrition alters magnitude of APPR in basal condition and in relation to acute
injury, with the focus on a APP haptoglobin (Hp) and liver enriched transcription
factors involved in the regulation of its gene activity. Hp is considered to be one of
the major APPs synthesized in rat hepatocytes during AP response due to its
pleiotropic activities mostly related to the binding and clearance of hemoglobin,
inhibition of superoxide production and stimulation of angiogenesis (MACKIEWICZ,
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1997). The full expression of its gene is mediated by proximal promoter element
which contains elements responsive to glucocorticoids, IL-1 and IL-6 (MARINKOVIC
and BAUMANN, 1990). Induction level of Hp is variable and highly dependent upon
the nature of inflammatory stimulus (SEVALIEVIC et al., 1988; BAUMANN et al.,
2000). Since turpentine oil causes sterile tissue injury through a confined but strong
local inflammation followed by systemic acute phase reaction, here we used this
inflammatory stimuli to evaluate the mode of undernourished rats response to injury.

MATERIAL AND METHODS

The experiments were performed on female Wistar rats at the age of 1
and 2.5 months. Animals were maintained at constant temperature (22+2°C) with
12-hr light-dark cycle and fed standard laboratory chow (a product of D. D.
Veterinarski zavod, Subotica, Serbia and Montenegro). Tap water was available ad
libitum. One-month-old female rats (n=15) were placed in individual cages and
fed daily during 6 weeks with an amount of chow equivalent to 50% of the normal
food intake until they riched and keep body weight to about 50% of that of ad
libitum fed age-mates (n=15). Undemourished (UN) animals were weighed weekly
and the amount of food provided was adjusted individually to maintain the weight.

To induce APPR, UN and ad libitum fed female rats aged 2.5-months,
termed well-nourished (WN) controls, received cubcutaneous injection of
turpentine oil (250ul) in the dorsal lumbar region. Each experimental series
included 5 animals per treatment. Animals were sacrificed by cervical dislocation
at 12- and 24-hr after turpentine tretment when maximal Hp gene transcription and
serum level were established (SEVALIEVIC et al. 1989). The serum level of Hp was
measured by rocket immunoelectrophoresis according to BAUMANN (1988). For the
Hp determination a polyspecific antibody to human Hp was used (SIGMA-ALDRICH
Inc), which was cross-reactive with rat Hp. Relative concentration of Hp was
established by quantification of the areas under the respective immunoprecipi-
tation peaks and expressed as a relative increase in relation to the initial control
values that were taken as 100%.

Liver nuclear protein extracts (NEs) were isolated from the untreated and
the 12-hr turpentine treated WN/UN rats, following the procedure elaborated by
GORSKI et al. (1986). Protein concentration in NEs was determined by the method
of Bradford. For Western immunoblot assay rat liver NEs were separated by 10%
SDS-PAGE, transferred to Hybond P membranes (Amersham, England) and
probed with rabbit polyclonal antibodies (Santa Cruz Biochemicals Inc.,
California, USA) specific to C/EBPa (14AA, dilution 1:1000), C/EBPB (C-19,
dilution 1:1000), STAT3 (H-190, dilution 1:1000), and NF-kB p65 (C-20, dilution
1:1000). Immunoreactive proteins were detected according to the procedure
recommended by the supplier of ECL Western immunoblot kit RPN 2108
(Amersham, England). Each filter was consecutively reprobed with all used
antibodies according to the reprobing protocol.
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RESULTS AND DISCUSSION

We studied the effects of malnutrition on magnitude of normal APPR
and in relation to turpentine injury. This approach was validated by comparing
serum protein levels of Hp between the 2.5 month old female rats fed ad libitum
(WN) or exposed to food restriction during six weeks period (UN). Data on their
body and liver weights are summarized in Table 1. As expected, food restriction
kept body weight of UN rats to about 50% of WN females. Total liver weights of
UN females were significantly lower than those of their WN controls (p<0.01)
suggesting that the synthetic and/or secretion function of the liver was changed.

Table 1. - Characteristics of the well-nourished (WN) and undernourished (UN)
female rats: the effect of food restriction on body weight and liver weight

WN UN
Body weight, g 211+ 10 110+ 6
Liver weight, g 7.55+0.48 3.37 £ 0.29
Liver weight, %body weight 3.58 £0.35 3.06* + 0.21

The values represent the mean SD (n = 15)
¥ p<0.01 compared with lean WN control

Comparison of the serum levels of Hp between WN and UN rats (Fig. 1)
revealed a significant increase in the basal level of the Hp in UN rats (172%). When
UN females were treated with turpentine, the relative level of serum Hp was much
higher (879%) than after the same treatment of WN controls (541%) suggesting
that the effects of turpentine treatment were potentiated by malnutrition. This data
imply that liver cells were probably sensitizing by malnutrition which made them
more susceptible to the action of a second inflammatory stressor, turpentine. This
may be due to changes in expression profile of liver regulatory transcription factors
involved in the regulation of Hp gene expression.
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Fig. 1. - Changes in the relative Hp level in the serum of WN and UN Wistar female rats after 24h of
turpentine treatment (T). Data are expressed as the percentages of initial control values of WN rats that
were taken as 100%
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Recent studies on the AP induction of Hp, which occurs within 24 h of
exposure to turpentine, have indicated that transcriptional induction of rat Hp
gene is primarily regulated by few positive IL-6 responsive regulatory elements
(IL6-RE) and their cognate binding transcription factors, C/EBPs (a, B, §) and
STAT 3 (Signal transducer and activators of transcription) (GRIGOROV et al., 1998;
GRIGOROV et al., 2000; MILOSAVLIEVIC et al., 2003). Its known that expression and
biological activity of these factors are modified under physiopathological
conditions during liver regeneration, toxic stimuli, inflammation or malignancy
(PoL1, 1998; FERRINI et al. 2001; FrRANK, 1999). Therefore, to evaluate the
mechanism of transcriptional induction of Hp gene during malnutrition, we have
investigated whether inducible forms of C/EBP and STAT3 proteins are

expressed. Nuclear expression profile of the C/EBPo, C/EBPf , and STAT 3 in
the livers of WN and UN rats before and after turpentine treatment was obtained

by Western immunoblot analysis with specific anti-C/EBP/STAT3 antibody.
A B

55 — W% 55~
43 — R m' 43~ 5, - — @m
S

=
= T
e

1 2 3 4 1 2 3 4
C D
132w w— 80 —
90— N ..o - P w s - _
P 55 — s
1 2 3 4 1 2 3 4

Fig. 2. - Western immunoblot analysis of the levels of C/EBPa (A), C/EBPS (B), STAT 3 (C) and
NF-kB p65 proteins in the liver NEs of WN and UN rats in basal condition and in response to turpentine
treatment. Liver NEs were subjected to 10% SDS-PAGE and subsequent ECL-Western immunoblot
analysis with anti-specific antibody as described in Material and Methods. Lanes 1 and 2 contain NEs
from the livers of untreated rats while lanes 3 and 4 contain NEs from the livers of turpentine-treated rats.

The molecular weight standards in kD are shown on the left

Both C/EBPa and C/EBPB mRNAs were found to code for several
smaller protein isoforms with distinct regulatory and physiological functions
(Ossipow et al. 1993; AN et al. 1996; Hsien et al. 1998). Anti-C/EBPa antibody
recognized several different isoforms of C/EBPa protein with the molecular
masses ranging from 28 to 42 kD in the liver NEs of control WN rats (Fig. 2A,
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lane 1). Apart from 34 kD-C/EBPa, amount of other C/EBPa isoforms increased
after turpenine treatment (Fig. 2A, lane 2) in relation to the control and two more
C/EBPa isoforms were identified at the 35 kD and 14 kD positions. Similar profile
of C/EBPa isoforms such as in NEs of turpentine treated WN rats were obtained
in the NEs of UN rats before (Fig 2A, lane 3) and after turpentine treatment (Fig.
2A, lane 4). Anti-C/EBPP antibody revealed extensive changes in C/EBPS
expression profile in UN rats. Amount of 35kD-C/EBPB isoforms, also known as
LAP (liver activatory protein), increased significantly after turpenine treatment of
WN rats (Fig. 2B, lane 2), while it was absent in NEs of UN rats (Fig. 2B, lanes 3
and 4). 20kD-C/EBPB isoform known as LIP (liver inhibitory protein) appeared in
turpentine treated WN rats as well as in the NEs of UN rats.

In the liver NEs of WN control rats anti-STAT3 antibody (Fig. 2C,
lane 1) recognized low level of constitutively active 91kD-STAT3 isoform also
known as acute phase response factor (APRF) amount of which increased
significantly in response to turpentine (Fig. 2C, lane 2). Appearence of inducible
86kD-STAT3 (Ripperger et al., 1995) isoform and a small increase of amount of
91kD-STATS3 in the NEs of UN rats (Fig. 2C, lane 3) was significantly potentiated
after turpentine treatment (Fig. 2C, lane 4). This suggests that malnutrition is able
to activate and acumulate APRF required for induction of Hp gene transcription as
well as some other APPs (GRIGOROV et al., 2000; RIPPERGER et al., 1995).

The NF-kB transcription factors consist of dimeric proteins of the Rel
homology family p50 and p65 known to mediate directly or indirectly the
transcriptional activation of a variety of cytokine-induced genes involved in
inflammatory responses (McKAy and CipLowsky, 1999). Since inducible
members of C/EBPs and STATSs have been shown to interact preferably with
NF-kB p65 it is likely that persistent Hp expression during malnutrition reflects
changes in basal expression of this protein as well. Western immunoblot analysis
by using anti-p65 NF-kB antibody showed different amounts of p65 NF-kB in the
liver NEs of UN rats as well as in turpentine treated WN and UN rats. High
expression of this protein in UN rat livers (Fig. 2D, lane 3) was significantly
potentiated by turpentine treatment (Fig.2D, lane 4). This increase was more
pronaunced than after same treatment of WN controls (Fig. 2D, lane 2).

The present study provide evidence that malnutrition is a chronic
inflammatory condition that leads to activation of some aspects of APPR by
influencing liver metabolism and transcription rates of proinflammatory genes.
Persistent high level of serum Hp during malnitrution probably results from
constitutive expression of the inflammatory transcription factors C/EBPa, f and
STATS3, as well as p65 NF-kB which assembly is required from transient acute and

therefore chronic inflammatory conditions. In conclusion, together with the reports
of other authors, our results support the involvement of the nutritional status in the
host ability to respond to and recover from various stress stimuli.
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EFEKAT NUTRITIVNOG STATUSA NA NIVO AKUTNOG FAZNOG
ODGOVORA PROTEINA KOD ZENKI PACOVA
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Izvod

U odgovoru na inflamaciju, infekciju i povredu tkiva, kao sastavni deo
odbrambenih mehanizama u organizmu se pokrece sled dogadaja poznat kao
akutno-fazni odgovor (AFO) u okviru koga se u jetri sintetiSe grupa proteina plazme
ozna¢ena kao akutno fazni proteini (AFP). Svako stanje koje naruSava akutno fazni
proteinski odgovor organizma (AFPO), a time i njegovu sposobnost da ponovo
uspostavi homeostazu moZe da deluje ograni¢avajuce na njegovo preZivljavanje u
uslovima razliCitih vrsta stresa. Izgladnjivanje je dobro poznat uzrok nekoliko
metaboli¢kih, imunih i neuroendokrinih poremecaja te je ovaj rad imao za cilj da
ispita uticaj neuhranjenosti na nivo normalnog AFPO-a i onog izazvanog akutnom
povredom. Zenke pacova soja Wistar su izgladnjivane tokom perioda od $est nedelja
sve do dostizanja telesne mase koja predstavlja 50% telesne mase Zenki pacova koje
su se u istom periodu hranile normalno. Rezultati "roket” imunoelektroforeze su
pokazali da je izgladnjivanje, samo ili u sprezi sa terpentinskom povredom dovelo
do uvedanja ekspresije jednog od AFP-a, haptoglobina (Hp). Izu¢avanjem za jetru
specifi¢nih regulatornih proteina koji se vezuju za hormon regulatorne elemente
gena Hp i time odreduju nivo njegove ekspresije, zakljucili smo da izgladnjivanje
najverovatnije moduliSe odgovor Hp-a tako $to menja ekspresiju aktivnih clanova
C/EBP, STAT and NF-kB familija transkripcionih faktora.
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