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 The objective of the current research was to characterize the correlation of Forkhead 

transcription factor and histopathologic findings of dogs’ pancreatic lesions. The study 

revealed a negative linear correlation (Correlation Coefficient 0.96) between lesions 

frequences and FOXO1 (lesions frequences move in opposing directions). Lesion 

frequences reduce as FOXO1 rises. Samples collected from the necropsy unit of veterinary 

teaching hospital at University of Mosul, college of veterinary medicine, to determine and 

confirm any histopathologic evidence of specific lesions these specimens histologically 

examined. In dogs, pancreatic lesions can range from mild inflammation (pancreatitis) to 

more severe conditions such as pancreatic cancer. Focusing on histopathological changes 

can help identify the correlation with FOXO1 expression. Various types of lesions were 

observed in the 17 pancreatic samples from dogs; however, none have been showed any 

evidence of neoplasia. Despite a lack of gross lesions, 14 samples (82.35%) exhibited 

microscopic pathological changes. Three samples (17.64%) revealed normal histology. In 

total, 12 types of microscopic lesions were identified. Among the 14 samples, degenerative 

changes, congestion, edema, coagulative and fat necrosis, as well as inflammation were 

detected in some samples. Multiple lesions, including fibrosis, hyperplasia, and atrophy, 

were observed in other samples. Additionally, cyst formations, metaplasia, and granulation 

tissue were determined. Dogs were randomly chosen, and all pancreatic samples were 

assessed through histopathological and immunohistochemical evaluation. This study 

concludes that lesions frequences move in opposing directions. Lesion frequences increase 

as FOX01 descend. 
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Introduction 

 

The canine pancreatitis model has frequently been 

utilized because of its resemblance to the condition in 

humans (1). The pancreas is situated in the dorsal region of 

both the epigastric and mesogastric sections of the abdomen, 

just below the liver. Canine liver is divided into 4 lobes 

namely: the right lobe, the left lobe, the caudate lobe. The 

right lobe is thin and slender, while the left lobe is shorter, 

thicker, and wider. These lobes are connected at the body, 

which is located caudomedial to the pylorus. The right lobe 

extends caudally within the mesoduodenum (2). An 

understanding of the function of FOXO1 in pancreatic health 

and illness tissue can be gained by examining its expression 

in connection with histological pancreatic lesions in dogs. 

Cancer research places a lot of emphasis on FOXO1 because 

it is known to be involved in several cellular functions, such 

as metabolism, cell cycle regulation, and apoptosis (3). 

FOXO1, part of the Foxo1 family, is important for regulating 

various cellular processes such as metabolism, cell control, 

and stress resistance (4). In the study of pancreatic lesions in 

dogs, examining FOXO1 expressions can offer valuable 
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insights into the molecular mechanisms driving pancreatic 

diseases and potentially highlight new therapeutic targets 

(5). The relationship between the expression of the forkhead 

transcription factor FOXO1 and pancreatic lesions is an 

attractive research topic (6). Minor variations exist in the 

configuration of the exocrine pancreas across most 

mammals; nevertheless, anatomical and functional variances 

are evident across other members of the animal kingdom due 

to variations in body shape and metabolism (7). Most 

physiological systems across animals, including humans, are 

considered similar. There are, however, crucial differences 

in specific diseases, especially pancreatic cancer (8). The 

new exertions to fund large associations and exploration into 

pancreatic tumors are appreciated (2,9,10) 

Diagnosing pancreatic diseases in dogs remains difficult 

due to the variability in clinical signs, which often do not 

align with medical pathology or histopathological outcomes. 

Thus, the present study was to characterize correlation of the 

Forkhead Transcription Factor and histopathologic findings 

of dogs’ pancreatic lesions.  

 

Materials and methods 

 

Ethical approval 

This study was approved by the University of Mosul's 

Ethical Committee for Animal Research 

(UoM.Dent/A.DM.L.1/22) for the period extending from 

November 30, 2021, to December 31, 2022. 

 

Case selection 

The study involved seventeen pancreatic specimens 

collected from dogs from August 2021 to February 2022 at 

the necropsy unit at the College of Veterinary Medicine, 

University of Mosul. Mixed-breed dogs were euthanized for 

reasons unrelated to pancreatic issues. Intense investigations 

were conducted into all internal organs, pancreas resected 

with other internal organs for further pathological studies. 

Dogs ranged in age from 1.8 to 10 years and weighed 

between 17.8 and 41.1 kg. Dogs with a history of each 

specimen were inspected for lesions and any variations in the 

pancreatic size, color, and texture, then composed, chilled, 

and transferred to the lab. 

 

Fixative 

This study utilized 10% Neutral-Buffered Formalin 

(NBF) as the fixative. The samples were collected and then 

immersed in the solution (11-13). 

 

Histopathological examinations  

Three blinded pathologists reviewed and graded 

hematoxylin and eosin-stained pancreatic slides using a 

published grading scheme (14,15). Each slide was examined 

for inflammations, pancreatic necrosis, edema, fibrosis, 

atrophy, and hyperplasia.  

 

Immunohistochemistry 

Samples preserved in 10% neutral buffered formalin for 

48 hours and then stained using Hematoxylin and Eosin 

(H&E). The tissue sections underwent 

immunohistochemistry (IHC), Commencing with dewaxing 

in xylene, followed by rehydration in ethanol, and 

concluding with a wash in phosphate-buffered saline. 

Endogenous peroxidase activity was suppressed by a 3% 

hydrogen peroxide solution in methanol for 30 minutes. The 

tissue specimens were then frozen at -25℃ for one hour and 

then incubated with primary antibodies at 4℃ overnight (16-

18). The primary antibodies involved anti-rabbit IHC of 

paraffin-embedded using FOX01 polyclonal antibody 

(Catalog No. E-AB-70144, Elabscience, USA) at dilution of 

1:200. FOXO1 is a transcription factor which acts as a 

regulator of cell responses to oxidative stress. Quantification 

of IHC was achieved rendering to the following 

semiquantitative scores based on the proportion of positively 

stained cells: score 1 (≤25 % + cells), score 2 (26–50 % + 

cells), score 3 (51–75 % + cells), and score 4 (76–100 % + 

cells) (19,20). 

 

Statistical analysis 

Descriptive and inferential statistics were performed 

using JMP Pro16 software (2021 SAS Institute Inc., North 

Carolina, USA). Descriptive statistics included frequences. 

To determine the correlation between lesions frequences and 

FOX01, linear correlation was used. Results were significant 

with a P<0.05. JMP®, Pro 16. (2021). SAS Institute Inc., 

Cary, NC, 1989-2021 (21,22). 

 

Results 

 

Histopathological findings  

Microscopic examination revealed typical pancreatic 

structures with all histological elements, including the well-

defined endocrine elements (islets of Langerhans) scattered 

within the darker exocrine components (ducts and glands). 

Various types of lesions were observed in the 17 pancreatic 

samples from dogs; however, none have been showed any 

evidence of neoplasia. Despite a lack of gross lesions, 14 

samples (82.35%) exhibited microscopic pathological 

changes. Three samples (17.64%) revealed normal histology. 

In total, 12 types of microscopic lesions were identified. 

Among the 14 samples, degenerative changes, congestion, 

edema, coagulative and fat necrosis, as well as inflammation 

were detected in some samples. Multiple lesions, including 

fibrosis, hyperplasia, and atrophy, were observed in other 

samples. Additionally, cyst formations, metaplasia, and 

granulation tissue were determined, Figure 1 illustrates 

observed lesions. Among the 14 samples, degenerative 

changes, congestion, and edema were seen in some sections. 

Other tissue sections displayed some specific lesions such as 

coagulative and fat necrosis, as well as inflammation.  
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Figure 2 reveals multiple lesions, including fibrosis, 

hyperplasia, and atrophy, which were observed in different 

pancreatic slides sections. Furthermore, frequently 

determined lesions were cyst formations. Additionally, 

several tissue sections showed metaplasia and granulation 

tissue. Table 1 summarizes the frequency of lesions that are 

seen in all examined tissue samples in ten microscopic field. 
 

 
 

Figure 1: A panel of histopathological sections displays 

different types of lesions that were seen in many samples, 

upper left picture shows a degenerative change in both 

pancreatic (black arrows) and acini cells (yellow arrows) H 

and E 400X (A). The upper middle picture shows sever 

congestion of pancreatic blood vessels letter H and E 400X 

(B). The upper right picture reveals interlobar edema H and 

E 100X (C). Yellow arrows show the pancreatic cells and 

acini cells coagulative necrosis (black arrows) H and E 400X 

D. Infiltrations of inflammatory cells represented by black 

arrows H and E 100X (E). Fat pancreatic necrosis (FN) with 

well detection of purulent inflammation (p) and interlobular 

fibrosis A, as shown in lower right picture (E). H and E 

100X. 

 

Immunohistochemical findings 

Our immunohistochemistry results matched our 

expectations. FOXO1 IHC expressions varied in different 

sections corresponding to specific detected lesions, as 

illustrated in figure 3 and 4. There is a negative linear 

correlation (Correlation Coefficient: - 0.96) between lesions 

frequences and FOX01 (lesions frequences move in 

opposing directions) (P<0.05). Lesion frequences reduce as 

FOXO1 rises. Granulation tissue, metaplasia, atrophy, cysts, 

fat necrosis, and coagulative necrosis had low scoring data 

(score 1) for the expression of the intranuclear transcription 

factor (FOXO1) in these pancreatic pathological findings. 

Inflammation, congestion, and edema showed a score 2 

expression of FOXO1. Fibrosis, hyperplasia, and 

degenerative changes exhibited higher levels of FOXO1 

expression, with a score of 3, compared to other pathological 

changes. Score 4 was recorded in sections with no lesions 

only. Figure 5 illustrates FOXO1 immunohistochemical 

reactions against recombinant protein corresponding to 

mouse FOXO1 polyclonal Antibody in pancreatic tissues 

sections with specific score for each picture. 

 
 

Figure 2: A panel of histopathological sections displays 

different types of lesions that were seen in many samples, 

upper left picture shows intralobular fibrosis (black arrows) 

H and E 100X (A). The upper middle picture shows 

hyperplasia of columnar epithelial cells of interlobular 

pancreatic duct (black arrows) H and E 400X (B). The upper 

right picture reveals pancreatic atrophy H and E 400X (C). 

Letter (A) shows the pancreatic cyst formations H and E 

400X (D). Metaplasia of pancreatic tissue to fibrous tissue H 

and E 400X (E). Presence of granulation tissue in focal area 

with infiltration of monomorphic inflammatory cells and 

fibroblast as shown in lower right picture H and E 400X (E). 

 

Table 1: The frequencies of lesions 

 

No Lesions Frequencies 

1 Granulation tissue 6 

2 Metaplasia 6 

3 Inflammations 3 

4 Fibrosis 3 

5 Hyperplasia 3 

6 Atrophy 3 

7 Cyst 6 

8 Degenerative changes 2 

9 Fat necrosis 7 

10 Congestions 5 

11 Coagulative necrosis 7 

12 Edema 4 

 

 
 

Figure 3: There is a negative linear correlation (Correlation 

Coefficient: - 0.96) between lesions frequences and FOXO1 

(lesions frequences move in opposing directions) (P<0.05). 

Lesion frequences reduce as FOXO1 rises. 
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Figure 4: Lesion frequences reduce as FOX01 rises. 

 

 
 

Figure 5: Our findings of immunoreactivity of (β-cells) a 

specialized endocrine cell located within the pancreatic islets 

(1) represent ≤25 % of positive cells, a weak intranuclear 

expression of FOXO1 (2) 26–50 % positive cells 

immunoreactivity, a moderate intranuclear 

immunoreactivity against FOXO1 polyclonal antibody (3) 

51–75 % positive cells reaction of FOXO1(4)76–100 % 

which represent a strong positive immunohistochemical 

reactions of FOXO1. All images magnified at 400X. 

 

Discussion 

 

Diagnosing pancreatic diseases in dogs remains difficult 

due to the inconsistent symptoms, without constantly 

aligning with histopathological findings (23). Foxo1 plays an 

essential function in the development and development of 

pancreatic diseases, exclusively in the perspective of 

pancreatic lesions (7,24). This result is consistent with our 

findings in terms of sever lesions having a great impact on 

FOX01 expression levels. Research has demonstrated that 

FOXO1 plays a role in regulating pancreatic beta-cell 

function and offers protection against beta-cell failure caused 

by oxidative stress. This regulation is essential for preserving 

pancreatic health and preventing lesions (7). This aligns with 

our data, which indicates that the frequency of multiple 

lesions increases when low levels of FOXO1 are observed. 

Abnormal regulation of FOXO1 activity has been associated 

with metabolic issues and tissue malfunction, potentially 

leading to the development of pancreatic lesions (6,22) There 

is limited data published on medical, histopathological, and 

clinicopathological in dogs with chronic pancreatitis and any 

correlations between these aspects (25). Recently, two 

studies detailed specific observations in a minor group of 

dogs with histologically definite chronic pancreatitis. 

However, these studies were conducted in the UK and 

primarily involved English Cocker Spaniels and Cavalier 

King Charles Spaniels, which the authors recommended 

might exhibit a unique form of chronic pancreatitis (25). 

Severe disorders are a major risk factor for pancreatitis in 

both humans and dogs. It's essential to determine the 

underlying cause, which may involve evaluating endocrine 

disorders, and to manage it effectively (26). These findings 

highlight the challenges we faced in this study when trying 

to predict pancreatic abnormalities based solely on clinical 

investigations. Regarding fibrosis frequently observed, it 

may be caused by prolonged necrosis and apoptosis, as well 

as inflammatory reactions (27). Additionally, duct 

obstruction associated with hyperplasia, detected using the 

H&E standard staining technique, might contribute to 

fibrosis. These findings agree with previous interesting 

studies, mentioning that pancreatic fibrosis can be triggered 

by processes such as necrosis, apoptosis, inflammation, or 

duct obstruction. The initial event that induces fibrogenesis 

typically involves injury to the interstitial mesenchymal 

cells, duct cells, and/or acinar cells (28). In this context beta 

cell availability will be affected and foxo1 expression level 

and intensities is variable, the data aligns with the hypothesis 

that Foxo1-deficient beta cells maintain normal survival 

rates yet undergo dedifferentiation (29). Atrophies 

pancreatic tissue was detected in several sections in this 

study. Within pancreatic atrophy, inflammatory reaction, if 

it occurred, was less noticeable this pathological finding 

(30,27). In pancreatic acinar atrophy, the targeted destruction 

of enzyme-creating acinar cells results in maldigestion, 

which are typical markers of exocrine pancreatic deficiency 

(31). Differentiated cells have the capability to achieve tissue 

repair and regeneration. Under particular conditions, they 

can yet transform into other cell types. This process, known 

as trans differentiation, can lead to tissue metaplasia (32). 

Collecting pancreatic tissue samples from dogs with varying 

degrees of pancreatic lesions might have different scenario 

in terms of specific pathological changes which could be 

predisposing factors of Diabetes mellitus DM. This 

statement agrees with many histological studies on 

pancreatic health, injured, pregnancy, or obese adult humans 

and dogs have not reported significant β-cell containing with 

proliferative markers (32). Pancreatic metaplasia’s studies 

incorporate the alteration of exocrine acinar cells other 
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nonspecific cell types morphologically, as acinar cells 

gradually lose zymogen granules, their apical cytoplasm 

diminishes while the lumen of the acini enlarges. These cells 

also lose their polarity and adopt cuboidal to columnar shape, 

resembling the ductal precursors of the embryonic pancreas 

during this process (33,34). 

 

Conclusion 

 

Even in the absence of significant signs of pancreatic 

abnormalities, various histopathological changes can affect 

pancreatic function in dogs and influence transcription 

factors such as FOXO1revealing a negative linear correlation 

(Correlation Coefficient 0.96) between lesions frequences 

and FOX01 (lesions frequences move in opposing 

directions) (P<0.05). Lesion frequences reduce as FOX01 

rises.  
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وآفات البنكرياس فوكسو  الارتباط بين تعبير عامل نسخ
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 الخلاصة 

 

تم اختيار الكلاب المحلية من وحدة التشريح المرضي بشكل عشوائي 

التقييم  خلال  من  البنكرياس  عينات  جميع  دراسة  وتم  انتقائية،  وبدون 

كان الهدف من هذه الدراسة  .  النسيجي المرضي وكيمياء النسجي المناعي

والنتائج النسيجية المرضية  فوكسو  نسخهو توصيف الارتباط بين عامل 

لآفات البنكرياس في عينات الكلاب. كشفت الدراسة عن وجود ارتباط  

( بين تكرار الآفات والتعبير المناعي  0.96خطي سلبي )معامل الارتباط  

ط بغلاقة عكسية مع ارتفاع التعبير ب )تكرار الآفات ترت فوكسو  لبروتين  

تقل تكرار   أنأي    تحت مستوى معنويةفوكسو   لبروتينالبروتيني المناعي  

مع   تم  فوكسوارتفاع  الآفات  في  ،  التشريح  وحدة  من  العينات  جمع 

البيطري  الطب  كلية  الموصل،  بجامعة  البيطري  التعليمي  المستشفى 

أي   أن   آفاتللتقصي عن  المتوقع  تسجيلها. من  نسيجية مرضية ممكن 

تتراوح آفات البنكرياس من التهاب خفيف )التهاب البنكرياس( إلى حالات  

إيجاد   في  التقصي  يساعد  أن  يمكن  البنكرياس.  مثل سرطان  شدة  أكثر 

والتعرف على التغيرات النسيجية المرضية في تحديد العلاقة مع   الآفات

المناعي لبروتين   . لوحظت أنواع مختلفة من الآفات في  فوكسوالتعبير 

من الكلاب المحلية ومع ذلك، لم   سبعة عشر والمأخوذةعينة البنكرياس ال

  14عيانية لتواجد الأورام حيث أظهرت    آفاتيظهر أي دليل على وجود  

( عينات  82.35عينة  ثلاث  حين  في  مجهرية.  مرضية  تغيرات   )٪

٪( لم تظهر أي تغيرات نسجية تذكر. في المجموع، تم تحديد 17.64)

تم الكشف  الأربعة عشر نوعا من الآفات المجهرية. من بين العينات  12

عن التغيرات التنكسية والاحتقان والوذمة والتخثر ونخر الدهون، وكذلك 

الالتهاب في بعض العينات. تم تسجيل آفات متعددة، بما في ذلك التليف 

الكيس،  تكوينات  تحديد  تم  ذلك،  إلى  بالإضافة  والضمور.  والتضخم 

 الآفات ن تكرار  والحؤول، والأنسجة الحبيبية. تستنتج هذه الدراسة إلى أ

تتجه في علاقة ترابطية عكسية مع التعبير البروتيني المناعي لبروتين 

 . فوكسوعامل النسخ 
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