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Summary

This study aimed to determine the expression of some cytokines, such as cyclooxygenase-2 (COX-2), High
Mobility Group Box-1 (HMGB-1) and CD68, in the lung tissue of sheep with fibrinous bronchopneumonia by
immunohistochemical methods. Forty sheep which had suffered from respiratory problems were brought for
necropsy to the Faculty of Veterinary Medicine, Department of Pathology, Aksaray University, between November
2014 and December 2017. After necropsy, lung tissues grossly diagnosed with fibrinous bronchopneumonia
were processed histologically, and stained histopathologically and immunohistochemically. Bacteriological
culture was also applied to the lung tissues to isolate the agents. In histopathological examinations, congestion,
red consolidation and grey consolidation stages were detected in the lung tissues. In such cases, we observed
fibrin masses accumulated in some alveolar lumens, as well as inflammatory cell infiltrations of various extent
in alveolar and bronchiolar lumens. In the interalveolar septum, a thickening was observed due to a fibrin
mass and thrombotic vessels. Immunohistochemically, it was determined that COX-2 and HMGB-1 cytokines
showed positive reactions, especially in bronchial, bronchiolar and alveolar epithelia, as well as goblet cells and
macrophages. CD68 was found to be expressed in alveolar macrophages. COX-2 and HMGB-1, which have
been implicated in the inflammatory response, were also shown to be expressed in fibrinous bronchopneumonia
in sheep for the first time. Thus, these cytokines are thought to play a role in the pathogenesis of the disease.

Moreover, their increased expression suggests that it may be helpful in the diagnosis of the disease.
Keywords: CD68, COX-2, HMGB-1, immunohistochemistry, sheep

Fibrinous bronchopneumonia (FBPN) is a lung in-
flammation characterized by the presence of an abun-
dant fibrin mass in the inflammatory exudate. It can
be found in domestic animals, such as cattle, sheep,
goats, horses, dogs and pigs. Bacterial agents, such as
Pasteurella spp., Mannheimia spp. and Mycoplasma
spp. are known to cause FBPN in sheep (21). Although
pneumonia is histologically known as the inflamma-
tion of the lung alveoli, lung inflammation is termed
pneumonia as a general concept. With regard to the
pathogenesis, morphology and the spread of pneu-
monia in the lung, bronchopneumonia is divided into
3 subheadings as catarrhal-purulent bronchopneumo-
nia, FBPN and aspiration pneumonia. Grossly, at least
one of the cranial lobes of the lungs appears as red,
brown or grayish in colour and consolidated. During
the development of pneumonia, there are four consecu-
tive periods distinguished by the appearance of the
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lungs and the characteristics of the exudate: congestion,
red consolidation, gray consolidation and lysis (6, 23).

Prostaglandins, which are derived from arachidonic
acid, are potent inflammatory mediators that play
arole in physiological processes in the lungs, such as
bronchoconstriction, vasodilation and mucus secre-
tion. Prostaglandins also have a synergistic effect with
some other mediators in an increase of transvascular
hydrostatic pressure and microvascular permeability.
Prostaglandins are synthesized from arachidonic acid
by two cyclooxygenase (COX) isoforms. The first,
COX-1, facilitates the synthesis of prostaglandins
involved in homeostatic functions, while COX-2 is an
inducible enzyme that is predominantly expressed at in-
flammatory sites. COX-2 is expressed by the presence
of lipopolysaccharides together with inflammatory cy-
tokines, such as interleukin-1 (IL-1) or tumor necrosis
factor (TNF) alpha (5). High-mobility group box 1
protein (HMGB-1), which was previously believed
to affect DNA transcription, has in recent years been
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recognized as an important cytokine in the inflamma-
tory immune response (22). Cluster of differentiation
68 (CD68) is a membrane protein found in lysosomal
membranes and cell surfaces of macrophages in tissues.
CD68 is closely related to the family of lysosomal-
related mucin-like membrane proteins (18).

In this study, we sought to determine the expres-
sion of some cytokines, such as COX-2, HMGB-1
and CD68, in sheep FBPNs by immunohistochemical
methods. The effects of these cytokines released in
the early stages of inflammation were investigated in
acute FBPN disease in sheep. Thus, we also investi-
gated which tissues played a more active role in the
pathogenesis of inflammation.

Material and methods

Material. Between November 2014 and December
2017, a total of 208 sheep were brought to the Department
of Pathology of the Faculty of Veterinary Medicine of
Aksaray University for routine necropsy. After necropsies,
it was found that 40 sheep died of FBPN, and the rest died
of other causes (Fig. 1). The forty sheep that died of FBPN
(at the age of 3 to 18 months) were included in the study. For
the control, lung tissues of 10 healthy sheep were obtained
from a slaughterhouse.

Bacteria isolation. Samples taken from the lungs
affected by pneumonia were inoculated onto mycoplasma
agar for Mycoplasma spp. isolation and incubated at 37°C
for 14 days in an aerobic medium. The same samples were
inoculated onto blood agar and MacConkey agar for Pas-
teurella spp. and Mannheimia spp. isolation and incubated
at 37°C for 48 hours in an aerobic medium (27).

Histopathological method. Following necropsy, sam-
ples of lung tissues were placed in a 10% formalin solution.
After fixation, the tissues were treated with alcohol, xylene
and paraffin wax. Sections were cut at 5 um with a micro-
tome and mounted on slides. The sections were immersed
three times for 5 min each in xylene and then in 96%, 90%,
80%, 70% and 50% alcohol for rehydration. They were
stained with hematoxylin and eosin.

Immunohistochemical method. The method applied
by Dingel (9) was used for immunohistochemical examina-
tions. For this purpose, 5 um thick paraffin sections were
placed on positively charged slides. The sections were dried
in an oven at 60°C for 15 minutes. After deparaffinization,
the sections were boiled for 20 min in citrate buffer solu-
tion for antigen retrieval. To block endogenous peroxidase
activity, 3% H,O, was dropped onto slides at room tem-
perature for 7 minutes. After this process, the block solution
was added for 5 minutes, and the primary antibodies were
incubated for 2 hours [Anti-COX-2 antibody (Santa Cruz
Biotechnology, inc. sc-19999), Anti-HMGB-1 antibody
(Santa Cruz Biotechnology, inc. Sc-135809) and Anti-CD68
antibody (Santa Cruz Biotechnology, inc. sc-514937)].
Each immunostaining by primary antibodies was done on
separate slides. At the end of incubation, a biotinylated
secondary antibody and streptavidin solution were added
at 15-minute intervals. The sections were finally stained
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FBPN
19% (40 cases)

Other causes
81% (168 cases)

Fig. 1. Incidence of FBPNs between November 2014 and
December 2017

with aminoethyl carbazole (AEC) and hematoxylin. The
sections were covered with a coverslip and examined under
a light microscope (Olympus BX51, Tokyo, Japan). After
each step, the sections were washed three times for 5 min
with phosphate buffer saline (PBS). However, washing was
not performed after just blocking step and directly primary
antibody incubation was started.

The negative and positive control slides were also stained
according to the same procedure. However, PBS was used
instead of the primary antibody during the negative control
slides staining. The urinary bladder, esophagus and spleen
tissue of sheep were stained as positive control for COX-2,
HMGB-1 and CD68, respectively. Epithelial immunoposi-
tive reactions were evaluated as positive for COX-2 and
HMGB-1. On the other hand, randomly distributed staining
was assumed as positive for CD68 in spleen tissue.

Immunohistochemical scoring. In the immunohis-
tochemical scoring of the sections, bronchial epithelia,
bronchiolar epithelia, alveolar epithelia, inflammatory cell
infiltrations and glands were examined semi-quantitatively.
To avoid observer bias, a blinded investigator examined all
of'the sections again. Immunohistochemical staining scores
were classified as low, moderate and high expression accord-
ing to the following criteria:

(-) If no immunopositive reaction was observed.

(+) Low. If immunopositive reactions showed poor stain-
ing and were limited to one region of the slide.

(++) Moderate. If immunopositive reactions were promi-
nent and multifocally distributed in the slide.

(+++) High. If immunopositive reactions were prominent
and diffusely distributed in the slide.

Statistical analysis. The statistical results of immunohis-
tochemical staining were analyzed by the IBM SPSS® Sta-
tistics V22 program using One-Way ANOVA and Tukey’s
test. Data were statistically described in terms of mean and
standard deviation (mean + SD) for immunohistochemical
scoring. Statements on statistical significance are based on
a P value < 0.05.

Ethical considerations. The study was performed
according to internal regulations promulgated by the Min-
istry of Agriculture and Forestry of the Republic of Turkey.
It was also conducted in compliance with universal ethical
standards.
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Results and discussion

Microbiological results. The microbiological re-
sults are given in Figure 2. According to these results,
Mycoplasma spp. were isolated in 11 cases, Pasteurella
multocida in 4 cases, and Mannheimia haemolytica in
25 cases.

Histopathological results. In histopathological
examinations, congestion, red hepatization (consoli-
dation) and grey hepatization stages were detected
in the lung tissues of the sheep (Fig. 3A). In the red
consolidation period, a fibrin mass and mononuclear
cell infiltrations were observed in the alveolar lumens.
Additionally, hyperemic vessels of alveolar capillaries
were noted (Fig. 3B). Moreover, in the interlobular
septum, a thickening was observed due to a fibrin mass,
edema and thrombotic vessels (Fig. 3C). In 29 cases,
the so-called “oat cells” were found, which are typical
of pneumonic pasteurellosis (Fig. 3D).

Immunohistochemical results. Immunohisto-
chemical staining scores are summarized in Tab. 1 and
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Mycoplasma spp.
28% (11 cases)

Pasteurella multocida
10% (4 cases)

Mannheimia haemolytica
62% (25 cases)

Fig. 2. The results of bacteria isolation

Fig. 4. According to the immunostaining results, COX-
2 was positive in the bronchiole, bronchi, inflammatory
cells and alveoli epithelia (Fig. 5A-B). The positive
reactions observed were mostly intracytoplasmic (Fig.
5C). In addition, bronchiolar immunopositive reactions

(arrowheads), a small number of cell infiltrations in the lumen of the alveoli (arrow), and edema in the lumen of the alveoli
(asterisks). HE. B. Red hepatization stage. Hyperemia in the capillary vessels around the alveoli (black arrows), a large number
of cell infiltrations (asterisks) and fibrinous mass in the alveoli (red arrows). HE. C. Thickening of the interlobular septum
due to fibrinous mass, edema and inflammatory cell accumulation (asterisks). HE. D. Spindle-shaped oat cells. Oat cells, char-
acteristic of pneumonic pasteurellosis, are thought to be a result of degeneration of neutrophils and monocytes (arrows). HE
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were statisﬁcally different from those in Tab. 1. Immunohistochemical staining scoring results of the study (n = 40)

other structures, such as the bronchi, al- | istological structures COX-2 HMGB-1 CD68
veoli or glands (P value < 0.05). Similarly, g o0 1.775 + 0.861" 2.075 + 0.828" 0.150 + 0.361°
HMGB-1 immunopositive staining was seen Bronchulus 1.950 + 0.814 1.550 + 0.814° 0.125 £ 0.333°
. . . (N + U + *

in the bronchi, bronchiole, alveoli, inflam- i e T e
matory cells and glands (Fig. 6A-C). How- | Alveoli 1.400 £ 0.777° 1.475 £ 0.715° 0.075 + 0.266°
ever, the most severe reactions were obtained | Inflammatory Cells 1.625 + 0.898" 1.450 + 0.845° 1.600 + 0.900°
from the gland and bronchi epithelia, and | glands 0.650 + 0.699° 2.375 £ 0.627° 0.050  0.200°

positive immunostaining findings for these
structures were statistically similar (P value
> 0.05). CD68-positive reactions were also

Explanation: a, b, c means with different superscript letters differ significantly
within columns at p <0.05
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Fig. 4. Immunopositive staining scores. COX-2, HMGB-1 and CD68 expression

Fig. 5. Anti-COX-2 antibody immunopositive staining. A. Positive staining in the bronchiole epithelia (black arrows) and
desquamated epithelia (red arrows) in the lumen of the bronchiole (BL). AEC. B. Positive staining in the alveoli epithelia
(arrowheads), desquamated epithelia (asterisks) in the lumen of the alveoli (AL), a neutrophil granulocyte (red arrow) and
a macrophage (black arrow). AEC. C. High magnification of the positive cells, mostly intra-cytoplasmic immunostaining
(arrows). AEC

A - : ; : ﬁ”i’é e e AR I S A SRR B . |
Fig. 6. Anti-HMGB-1 antibody immunopeositive staining. A. Positive staining in the bronchi epithelia (arrows). AEC. B. High

magnification of the positive immunostaining in the epithelia of the bronchi (arrows). AEC. C. Positive reactions in the gland
epithelial cells (arrows). AEC
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Fig. 7. Anti-CD68 antibody immunopositive staining. A. Positive staining in alveolar lumens in a free form (arrows). AEC.
B. High magnification of immunopositive macrophages in peribronchiolar inflammatory cells (arrows). AEC

seen in alveolar macrophages and in a free-form man-
ner in the alveolar lumens (Fig. 7A-B).

Pneumonia is one of the most common diseases on
livestock farms around the world, causing considerable
mortality among animals kept there. One study reported
the proportion of farm animal deaths due to respiratory
system diseases to be between 15% and 20% (7). In
another study on sheep, this rate was reported as 28%
(8). Elsewhere, Orug (24) found this rate to be 26.72%.
In the present study, this proportion was 19%. FBPNs
are considered to be a more severe type of pneumonia
than catarrhal bronchopneumonia because of their
lobar distribution in the lungs (21). In addition, FBPN
agents, such as Pasteurella spp. and Mannheimia spp.,
cause septicemia and further exacerbation of infection
in young animals. In this study, COX-2, HMGB-1
and CD68 were immunohistochemically shown to be
expressed in lung tissues of sheep affected by FBPN.
These findings were described here for the first time
and compared with histopathological results.

To date, the presence and levels of COX-2 have
been investigated in cancer and inflammatory reac-
tions in the lungs of many species (4, 17, 19, 20). In
this study, the expression of COX-2 was examined
in the lungs of sheep with fibrin bronchopneumonia.
Cho and Chae (5) stated that COX-2 plays a role in
the pathophysiology of pleuropneumonia in swine.
In the same study, they observed positive reactions in
the bronchus, bronchioles and alveolar type I epithelia,
which were most commonly expressed from macro-
phages and neutrophil granulocytes. On the other hand,
it was reported in another study that, in streptococcal
pneumonia, immunopositive reactions were obtained
in macrophages, vascular endothelial cells and type
IT pneumocytes (28). In the present study, COX-2
was predominantly seen in the epithelia of bronchus,

bronchulus and inflammatory cell infiltrations. In ad-
dition to inflammatory cells, bronchial and bronchiolar
epithelial cells may play a role in COX-2 expression
in FBPNSs.

HMGB-1, which is an important proinflammatory
cytokine, has been reported to be associated with
a decreased inflammatory response, tissue damage
and death of animals in the case of low expression
(15). In one study, it was found that HMGB-1 plays
arole as a late-acting inflammatory mediator in septi-
cemia and endotoxemia (29). At the same time, unlike
proinflammatory agents, such as TNF and ILs, it was
determined that HMGB-1 is expressed in inflammatory
sites for a longer period of time (23). Ding et al. (10)
found increased levels of HMGB-1 in the peripheral
blood of children with Mycoplasma pneumonia infec-
tion. Similarly, Ito et al. (13) reported that the serum
HMGB-1 concentration was increased in patients
with severe pneumonia. Achouiti et al. (1) stated
that HMGB-1 caused edema in pneumonia induced
by Staphylococcus aureus. Although there are few
studies on the location of HMGB-1 in pneumonia by
immunohistochemical methods, one study notes that
HMGB-1 in human lungs with pulmonary fibrosis is
expressed in macrophages, inflammatory cells and
lung epithelial cells (11). In the present study, posi-
tive immunoreactivity was commonly observed in the
bronchial and gland epithelia. In addition, the positive
staining of bronchial and alveolar epithelia, as well as
inflammatory cell infiltrations, suggest that, in FBPNs,
HMGB-1 is expressed in the lungs.

CD68 was found only in macrophages and freely
found in areas of inflammatory cell accumulations.
Previous studies have demonstrated that leukotoxins
produced by Mannheimia cause cytolysis in neutro-
phils and macrophages (14, 26). Thus, it was thought
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that CD68-positive immunohistological staining was
obtained not only in macrophages but also freely in
inflammatory areas.

Ackermann and Brogden (2) state that the brochus,
bronchulus, alveoli and glands perform many tasks,
such as antimicrobial activity, inflammatory response
and detoxification of toxins. In previous studies,
Mannheimia, Pasteurella and Mycoplasma agents
were most commonly detected by immunohistochemi-
cal examinations in bronchial, bronchiolar, alveolar,
epithelial and inflammatory cells (3, 8, 16, 24,27, 30).
In this study, the expression of COX-2, HMGB-1 and
CD68 was found in the above-mentioned structures by
immunohistochemical analysis. Accordingly, agents
such as Mannheimia and Pasteurella stimulated the
release of COX-2, HMGB-1 and CD68 in lung tissue.

In histopathological examinations, shuttle-shaped
oat cells are seen in both Pasteurella- and Mannheimia-
induced FBPN cases. It has been noted that oat cells
appear due to the effect of bacteria endotoxins on
leukocytes (12). In this study, oat cells were found
microscopically in 29 cases. In microbiological ex-
aminations, Mannheimia was isolated in four cases,
and Pasteurella in 25 cases. Thus, both methods con-
firmed the diagnostic validity of each other. However,
although the expression of COX-2, HMGB-1 and
CD68 was observed in inflammatory sites, these cy-
tokines could not be detected in areas where oat cells
were present. Thus, it is thought that other structures,
such as the bronchus and bronchioles, rather than leu-
kocytes, play a role in the release of these cytokines.
The severity and distribution of COX-2, HMGB-1
and CD68 expression did not change in FBPN cases
in which both Mannhemia and other bacterial agents,
such as Pasteurella and Mycoplasma, were involved.
This suggests that the release of these cytokines is
not dependent on the causative agent, and they can be
released in all cases of FBPN.

In conclusion, the cytokines COX-2, HMGB-1 and
CD68 were compared for the first time by immuno-
histochemical methods in FBPNs in sheep. These
cytokines are thought to play a role in the pathogen-
esis of FBPNs in sheep. COX-2 was shown to be
released from inflammatory cell infiltrations, as well
as bronchiolar and bronchial epithelia. On the other
hand, HMGB-1 was expressed from the epithelia of
the bronchi and glands. The increased COX-2 and
HMGB-1 expression suggests that these cytokines
could be used in the diagnosis of the disease. Further
studies are necessary to determine which pathways are
used in the expression of COX-2, HMGB-1 and CD68
in FBPNSs in sheep.
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