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Annexin A1, A2 and cytokine levels during
experimental sepsis in calves
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Abstract

Annexins are fundamentally related proteins that
process a variety of physiologic and pathologic
procedures, including suppression of inflamma-
tion. Ten Holstein-Frisian bull calves (10 + 1 days
old) weighting 50 + 5 kg were chosen to induce
the experimental septicaemia using OI111:H8
strain of E. coli. Blood samples were collected to
determine the plasma annexin Al , annexin A2,
TNF-a, IFN- y, IL-8 and neutrophil count at 0, 24,
48, 72, 96 and 120 hours after induction of sep-
ticemia. Significant increased concentrations of
serum annexin Al and annexin A2 in circulating
blood in response to experimental coliseptisemia
were observed during experiment. Maximum lev-
els of annexinA1l and A2 were recorded at 72h af-
ter challenge. A statistically significant increase in

blood neutrophil count occurred from beginning
of septicemia untill 24h after onset of septicemia.
Annexin A2 and Annexin Al had no significant
correlation with neutrophil count. Serum cyto-
kine concentrations reached their maximum level
at 48h after challenge and then decreased to basal
level before antibiotic therapy. This study showed
that serum annexin concentrations, increasing
during colisepticemia in calves, in association with
cytokines could be a reliable marker to confirm
the occurrence of anti-inflammatory response.

Abbreviations

CFU: Colony-Forming Unit

TNF-a: Tumor Necrosis Factor alpha

IFN: Interferon

IL-8: Interleukin 8

ELISA: Enzyme-Linked ImmunoSorbent Assay
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Introduction

The inflammatory reaction is a defensive
process whereby the body is able to neutralize
infections [1]. In the site of the systemic or local
inflammation, polymorph nuclear leukocytes,
lymphocytes, monocytes and endothelial cells ac-
tivation lead to release of pro-inflammatory cyto-
kines. Bacterial lipopolysaccharides activate the
macrophages and cause release of TNF-a and IL-8
which can have an effect on heart, liver and other
organs [2].

The pro-inflammatory phase is capable of
inducing several endogenous anti-inflammatory
mechanisms that lead to the resolution of inflam-
mation phase. In response to injury, inflammato-
ry cells such as neutrophil granulocytes secrete a
number of cytokines into the bloodstream such as
IL-1, IL-6, IL-8, and TNF-a [3,4]. Tumor necrosis
factor a is a cytokine that has been associated with
neutrophil extravasation and enrolment to inflam-
matory sites [5].

Annexins (also known as lipocortins) are a
family of fundamentally related proteins which are
classified by way of their ability to bind membrane
phospholipids in a Ca**-dependent mode. One of
the main roles of annexins is the regulation of a
variety of physiologic and pathologic processes
such as suppression of inflammation [3,4]. They
are predominantly abundant in a number of cells
of the host immune system. Annexin Al can be
transferred from cytoplasm to membrane after ac-
tivation or after adherence to endothelial cells and
be released from neutrophils [6,7,8] .

In normal conditions, cytoplasm of immune
cells such as neutrophils, monocytes, and macro-
phages contains high levels of annexin Al. During
inflammatory responses in calves, changes in neu-
trophils occur to a greater extent as compared to
other cells. Following cell activation, neutrophils
bind to endothelial-cell monolayers and annexin
Al is mobilized to the cell surface and secreted
[8, 9]. Annexin Al promotes neutrophil apopto-
sis and the apoptotic neutrophils are phagocytized
by macrophages [8]. Annexin Al is also released
by apoptotic neutrophils during the process of in-
flammation and enhances the clearance of apop-
totic cells by tissue macrophages that are able to
mediate a rapid anti-inflammatory effect [8, 10].

Annexin A2 is involved in various biolog-
ical functions such as fibrinolysis, angiogenesis,
and cell migration, but the exact mechanism of its

activity is not understood. In inflammatory den-
dritic cells, Annexin A2 maintains immunomodu-
latory activation of cytokines secretion, indicating
an important role in normal situation and inflam-
matory diseases [10, 11].

Although extensive research has been car-
ried out on cytokines and annexins during sepsis,
there has been no reliable evidence that shows any
correlation between these factors and time span
of sepsis. On this basis, we conducted a study to
determine the levels of annexins Al and A2, IL-
8, TNF-a, and IFN-y in the peripheral blood of
septic calves over a time span, and to investigate
an association between serum Annexins Al and
A2 levels, blood neutrophil count, and serum cy-
tokine levels.

Results

Evaluation of the results of the present study
demonstrated that annexin Al and annexin A2
were elevated in peripheral blood in response to
experimental coliseptisemia and these changes
over time were significant (p < 0.05). Maximum
level of annexin A1 was recorded at 72h after chal-
lenge, and the serum levels of annexin Al at 24,
48,and 72 h (P =0.039, P = 0.04 and P = 0.045, re-
spectively) were significantly higher than its level
in 0 hour (Figure 1).

The serum levels of annexin A2 at 72 hours
after colisepticemia increased significantly (P =
0.017) (Figure 2). Repeated measure ANOVA re-
vealed significant changes in serum level of An-
nexin A2 over time after challenge (p < 0.05).

TNEF-q, IL-8 and IFN-y concentrations in
this experiment reached to a maximum level at
48h after challenge. The serum concentrations of
TNF-a, IL-8 and IFN-y were significantly differ-
ent during the experimental time points (Figures
3and4).

The neutrophil count showed significant
changes during the study (P = 0.004) and its in-
crease was statistically significant at 24 h after
challenge as compared with its level at the be-
ginning of septicemia (P = 0.003) (Figure 5). The
white blood cell count decreased due to septice-
mia (P = 0.0001) (Figure 6).

Discussion

During the inflammation, bacterial immuno-
genic components stimulate production of pro-in-
flammatory and inflammatory factors and modify
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blood cell numbers and amount of cytokines [2,8].
Neutrophils are critical components of the innate
immune reaction and are the preliminary respond-
ers to infection. Twenty four hours after bacterial
infection they increase in peripheral blood to limit
the inflammation.

Activation of polymorphonuclear cells has
an important role in sepsis including the release
of pro-inflammatory cytokines such as TNF-a and
IL-8, that in turn induce immune cell recruitment
to the inflammation site [8]. The results of the
present study showed that an elevated level of an-
nexin Al and annexin A2 in the peripheral blood
of septic cases may play a part in an active anti-in-
flammatory function which subsequently contrib-
utes to the resolution of sepsis. The enhanced level
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Figure 1

Variation of Annexin Al level during
experimental septicemia with E.coli (Mean
+ SE).
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Figure 2

Variation of Annexin A2 level during
experimental septicemia with E.coli [Mean
+ SE].

Figure 3
Variation of IL-8 level during experimental
septicemia with E.coli (Mean + SE).

of annexin Al during experimental colisepticemia
in calves in this study, with the highest recorded
level in hour 72, is in agreement with the previous
reports [6, 8]. Annexin Al is an anti-inflammatory
protein that plays a key role in innate immunity
and modulates the activation of several types of
cells such as neutrophils.

We found that in response to infection, the
level of annexin Al and A2 was increased in the
peripheral blood after activation and proliferation
of neutrophiles. The level of pro-inflammatory cy-
tokines was significantly elevated in all cases with
sepsis; and those levels correlated with the levels of
AnnexinAl and A2 in some time points [12].

Body's defense system suppresses mecha-
nisms through the anti-inflammatory mediators
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such as TNF-a and IL-6 to resolve sepsis. Based
on previous studies, serum cytokine disturbance
patterns play a key prognostic role in septic shock
cases and based on present results, serum annexin
Al reached its maximum level after 72 h compared
to other cytokines[6].

In the present study, cytokines reached their
peak level at 48h after challenge and decreased to
basal level following antibiotic therapy. Annex-
in-Al level had a mild increase after bacterial in-
oculation and treatment had no effect on its level.
This delay in the enhancement of annexin levels
may be due to the activation of neutrophiles that
subsequently release annexins in blood circula-

Figure 4

Variation of neutrophil number during
experimental septicemia with E. coli [Mean
+ SE].

Figure 5

Variation of white blood cell number during
experimental septicemia with E. coli [Mean
+ SE].
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Figure 6

Variation of TNF-a and IFN-y levels during
experimental septicemia with E. coli [Mean
+ SE].

tion. On the other hand, annexin Al has been
shown to attenuate leukocyte recruitment in many
experimental inflammatory models by inhibiting
cell adhesion and migration [1, 18].

Based on Perretti and Gavins findings in 2003,
cytokines such as tumor necrosis factor, interleu-
kin-1, and interleukin-8 can also increase cellular
and tissue annexin Al expression [7]. It is clear
that when neutrophils adhere to the endothelium
and the amount of neutrophiles decrease in the
circulation, annexin Al is released from the neu-
trophil cytoplasm to the cell surface and thereupon
the level of annexin is enhanced [7,14]. In fact, an-
nexin Al leads to the detachment of adherent leu-
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kocytes and indicates that inactivation of adherent
cells may be controlled [7].

Based on previous studies, elevation of an-
ti-inflammatory cytokines such as IL-10 and TNF-
RI, due to sepsis can result into an enhanced risk
of death. An elevation in concentration of annex-
ins A1 and A2 after high level of cytokines found
in this study can be an indication of the protective
effects of annexins during sepsis[2,12]. However, it
is unclear why the annexin Al levels in the sepsis
patients were not correlated in response to neu-
trophil counts. In previous reports in contrast to
present results, annexin A1 levels in sepsis patients
were not elevated in response to septicemia reac-
tion. Further studies have to be done to investigate
the role of circulating Annexin A1 & A2 in clinical
applications among patients with sepsis[8].

Notwithstanding, there was no observed
significant correlation between neutrophils count
and annexin A changes but these findings suggest
that increasing the annexins during the colisep-
ticemia in calves after treatment can be a reliable
marker with regard to cytokines, confirming the
occurrence of anti-inflammatory response after
activation of neutrophiles. It is hypothesized that
the annexin proteins have anti inflammatory roles
in the inflammation phase by decreasing the in-
fectious cells and enhancing the immune defense
factors. It is still a controversial issue as to whether
or not the circulating level of anti-inflammatory
mediators can be used as a prognostic factor to
predict case survival.

Materials and Methods

Animals and experimental preparations

Ten Holstein-Frisian bull calves 10 + 1 days of age with
body weight of 50 + 5 kg were selected for study. The calves
were fed colostrum [10% BW] within six hours of birth. They
were housed in individual stainless steel pens [1 m x 1.5 m x
1m] with a chaff coated floor and were fed twice daily with
whole milk at the rate of 10% of their body weight per day
divided into 2 feedings at 7:30 and 16:30 [15]. Water and start-
er provided ad libitum. The calves vital signs (temperature,
heart and respiratory rate) were checked before experiment
[12,14].

The O111:H8 strain of Escherichia coli was chosen for in-
ducing colisepticemia. This strain is commonly used in exper-
imental studies since it is rapidly phagocytized, and produces
a robust oxidative burst [16,17]. To induce experimental sep-
ticemia, a catheter was inserted in the jugular vein and an E
coli suspension [1.5 x 10° CFU] in 5 ml isotonic saline was
inoculated as a bolus.
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Biochemical and hematological analysis

After observation of the septisemia symptoms based
on accepted criteria including altered appetite and behavior,
shock signs, standing ability, and suckling reflex and hema-
tology confirmation, blood samples were collected into 6-mL
tubes containing EDTA for determination of plasma annexin
Al, annexine A2, TNF-a, IFN-gamma, IL-8 and blood cell
count at 0 [inoculation time], 24, 48, 72, 96 and 120 hours
after challenge. Four ml of peripheral blood was collected into
a sterile syringe after monitoring the calves and observing the
septic shock symptoms and injected to a Diphasic media and
incubated at 37°C for 24 h to confirm septicemia in calves.
Then pure culture and serotyping was performed to detect the
isolated bacteria and to confirm the E. coli strain O111:H8.
The measurement of serum levels of annexin Al and annex-
in A2 were carried out by ELISA (Cusabio, Australia). The
serum levels of TNF-a, IFN y and IL-8 were determined by
related ELISA kits (AbD Serotec®, A Bio-Rad Company, Kid-
lington, Uk).

For ethical reasons, all calves were treated with a suit-
able antibiotic which had been selected by antibiogram. Treat-
ment with antibiotic started 36h after bacterial administration
with Ceftazidime (ZACZIDIM®, DAANA Pharma Company,
Tehran, Iran) at a dose of 10 mg/kg IV TID for 3 consecutive
days.

Statistical Analysis

The data were analyzed with repeated measures ANOVA
using SPSS version 13.0 software and significance level was
considered as p less than 0.05. The correlation between annex-
in Al and A2 and cytokines concentration and neutrophile
counts was studied using Pearson’s correlation coefficient.

Acknowledgements

The authors gratefully acknowledge the finan-
cial support provided by the Iran National Science
Foundation [INSF] and Institute of Biomedical
Research of Veterinary Medicine, Tehran Univer-
sity.

Author Contributions

Desinged the study and conducted the system-
atic literature review: Z.E., M.R.M.D. and M.M.D.
Analyzed the data and drafted the manuscript:
Z.E. Conducted the experiments and participated
in in-vivo studies: Z.E. M.R.M.D. and M.H.S.

Conflict of Interest

The authors declare that they have no competing interests.

References

1. Hotchkiss RS, Karl IE. The pathophysiology and treat-
ment of sepsis. The New England Journal of Medicine.

IJVST 2017; VOLUME 9; NUMBER 1 5



2003; 348: 138-150. 7.

De Freitas I, Fernandez-Somoza

M, Essenfeld-Sekler E, Cardier JE
.Serum levels of the apoptosis-as-
sociated molecules, tumor necrosis 8.
factor-alpha/tumor necrosis factor
type-I receptor and Fas/FasL in

sepsis. Chest .2004; 125: 2238-

2246.

Horlacher T, Noti C, de Paz JL, 9.
Bindschidler P, Hecht ML, Smith

DEF, Fukuda MN, Seeberger PH.
Characterization of Annexin al

glycan binding reveals binding to

highly sulfated glycans with pref-

erence for highly sulfated heparan
sulfate and heparin. Biochemistry
.2011;50: 2650-2659.

10.

Katoh N. Detection of Annexins I
and IV in bronchoalveolar lavage
fluids from calves inoculated with
bovine herpes virus-1. Journal of
Veterinary Medical Science 2000;
62:37-41.

11.

Canetti C, Silva J, Ferreira SH,
Cunha FQ. Tumor necrosis
factor-a and leukotriene B[4]
mediate the neutrophil migration
in immune inflammation. British
Journal of Pharmacology .2001;
134:1619-1628.

DePablo R, Monserrat ], Reyes E,
Diaz MD, Rodriguez ZM, Carballo
E De la HA, Prieto A, Alva-
rez-Mon M..Mortality in patients
with septic shock correlates with
anti-inflammatory but not proin-
flammatory immunomodulatory
molecules. Journal of Intensive
Care Medicine.2011; 26:125-132.

12.

Perretti M, Gavins FN. Annexin
1: an endogenous anti-inflamma-
tory protein. News in physiologi-
cal sciences. 2003; 18: 60-64.

Tsai WH, Li IT, Yu YB, Hsu HC,
Shih CH. Serial changes in plasma
Annexin al and cortisol levels in
sepsis patients. Chinese Journal of
Physiology.2014; 57: 1-7.

Pupjalis D, Goetsch J, Kottas DJ,
Volker G, Ursula R. Annexin Al
released from apoptotic cells acts
through formyl peptide receptors
to dampen inflammatory mono-
cyte activation via JAK/STAT/
SOCS signalling. EMBO Molecu-
lar Medicine .2011; 3:102-114.

13.

14.

lecular Cell .2000; 5: 831-840.

Acquisto FD, Perretti M, Flower
RJ. Annexin-Al: a pivotal regu-
lator of the innate and adaptive
immune systems. British Jour-
nal of Pharmacology .2008; 155:
152-169.

Hulbert, L.E., Cobb, C.J.,
Carroll, J.A. and Bullous,
M.A.[2011] Effects of changing
feeding milk replacer from
twice to once daily on Holstein
calf innate immune responses
before and after weaning. The
Journal of Dairy Science 94,
2557-2565.

15. Mokhber Dezfouli MR. Cow

Luo M, Hajjar KA. Annexin A2
System in Human Biology: Cell
Surface and Beyond. Seminars in
Thrombosis and Hemostasis .2013;
39:338-346.

16.

Ji NY, Park MY, Kang YH, Lee

CIL, Kim DG, Yeom YI, Jang Y],
Myung PK, Kim JW, Lee G, Kim
JW, Lee K, Song EY. Evaluation of
Annexin II as a potential serum
marker for hepatocellular carci-
noma using a developed sandwich
ELISA method. International
Journal of Molecular Medicine.
2009; 24:765-771.

17.

Walther A, Riehemann K, Gerke
V. A novel ligand of the formyl
peptide receptor: Annexin I
regulates neutrophil extravasation
by interacting with the FPR. Mo-

calf health and diseases. 1st
ed., 2007.University of Tehran
Press, Tehran, Iran.

Mohri M, Poorkabir M A, Has-
sani Tabatabai AM, Mokhber
Dezfuli MR. Seasonal variation
of serum total protein and gam-
maglobulin level of neonatal
calves in a dairy farm of Tehran
suburb. Journal of Veterinary
Research. . 1999; 54: 25-30.

Lotfollahzadeh S, Mokh-

ber Dezfouli MR, Khazraei
Nia P,Tajik P. Evaluation of
influence of two methods of
artificially feeding colostrum
on serum gammaglobulin
concentrations of neonatal
calves. Journal of Veterinary
Research.2003; 58: 79-82.

Annexin and experimental sepsis

IJVST 2017; VOLUME 9; NUMBER 1



