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peripheral blood mononuclear cells of obese dogs 
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The Graduate School of Veterinary Medicine 

Seoul National University 

 

Obesity is considered a chronic low-intensity inflammation in humans due 

to the imbalance between energy intake and production, and is related to various 

complications such as metabolic syndrome. In human medicine, peripheral blood 

mononuclear cells (PBMCs) have been proposed as representative of the 

inflammatory status in obesity. The aim of this study was to evaluate the role of 

PBMCs in obesity-associated chronic inflammation in dogs by analyzing the 

expression of adipokines and inflammatory cytokines such as leptin, adiponectin, 

monocyte chemoattractant protein 1 (MCP-1), tumor necrosis factor alpha (TNF- α), 

and interleukin 17 (IL-17). Furthermore, to investigate the effect of obesity on 

hematological changes, the blood test results of non-obese dogs and obese dogs were 

compared. 

 According to the 9 scales of body condition score (BCS), dogs who visited 

Seoul National University's Veterinary Medical Teaching Hospital for blood 



 

donation were categorized as healthy dogs and obese dogs. Dogs with BCS above 7 

were considered as obese group, and dogs with BCS 4-6 were defined as non-obese 

group. A total of 25 blood samples were collected from 20 non-obese dogs and 5 

obese dogs, and mRNA extraction and real-time qPCR were carried out to quantify 

the gene expression levels of TNF-α, IL-17, leptin, MCP-1, and adioponectin. Gene 

expression level in all dogs was relative quantified compared to GAPDH, and later 

a two-sided t-test was performed to statistically evaluate the significance between 

obese and non-obese dogs. 

The results showed that the gene expression levels of TNF-α, IL-17, and 

leptin in the PBMCs of obese dogs upregulated for 7.93-fold (P < 0.001), 3.97-fold 

(P < 0.0001), and 4.80-fold (P < 0.0001) respectively, compared to that in non-obese 

dogs. These results provide evidence that changes in gene expression levels of 

inflammation-related adipokines and pro-inflammatory cytokines in PBMCs, which 

may contribute to the low-grade chronic inflammation that is present in obesity. 

Blood analysis showed an 2.1-fold increase in total triglyceride in obese 

dogs (P < 0.0001), so hyperlipidemia is considered a clinical symptom related to 

obesity in dogs, as in humans. These results are consistent with previous studies of 

hyperlipidemia in obese dogs, which contribute to the clinical significance of 

metabolic syndrome in obese dogs. 

Neutrophil-to-lymphocytosis (N/L ratio) is a benevolent indicator of 

systemic inflammation in human medicine, and the significance of this indicator in 

dogs in several inflammatory diseases such as immune-mediated bowel syndrome. 

In this study, the tendency of N/L ratio in obese dogs to increase 1.35-fold compared 

to that in normal dogs was confirmed, and obesity as inflammation was presented. 

Unlike human obesity, previous studies on that index have not been carried in dogs, 



 

so further studies are recommended to confirm N/L ratio on the inflammatory 

markers of obesity in dogs. 

This is the first study to confirm changes in the expression of inflammatory 

cytokines and adipokine in PBMC in obese dogs. Our findings not only correlate 

with the occurrence of systemic diseases related to adipokine in dogs, but also serve 

as a basis for the study of the relationship between chronic inflammation and obesity. 

The results of this study are not only related to the occurrence of systemic diseases 

in dogs, but also the basis of future research on the relationship between chronic 

inflammation and obesity. 
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1. Introduction 

 

Obesity is the state of having an increased adipose tissue mass as a result 

of an imbalance between energy intake and output. It is also considered as a form of 

chronic low-grade inflammation in humans. Furthermore, human obesity has been 

proven to be associated with type 2 diabetes mellitus, osteoarthritis, cardiovascular 

diseases, systemic hypertension, and as a risk factor for various kinds of cancer [1]. 

To identify how obesity contributes to the development of a chronic inflammatory 

state, several studies have been conducted to analyze gene expression levels of pro-

inflammatory cytokines and adipokines in relation to body mass index and body 

weight. Adipokines are a group of pro- or anti-inflammatory cytokines and secreted 

mainly by adipose tissue. For example, leptin, the most popular adipokine, has 

positive correlation with body weight and pro-inflammatory property. Otherwise, 

adiponectin is an adipokine which has anti-inflammatory effect. Many adipokines 

such as leptin, adiponectin, visfatin, resistin, omentin are studied [2]. As in humans, 

some findings suggest that canine obesity may be related to diseases like 

osteoarthritis, insulin resistance, pancreatitis, and respiratory disease [3]. However, 

limited studies have investigated the difference in gene expression between obese 

and normal dogs. 

Peripheral blood mononuclear cells (PBMCs) are mainly composed of 

lymphocytes, monocytes, and natural killer cells, which are all essential components 

of the immune system. Therefore, PBMCs are considered as conventional and 

universal blood samples that are used to analyze biomarkers at a transcriptional level.  
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They are useful in identifying changes in cytokine activity during inflammation since 

direct measurement of blood concentration level is limited due to the short half-life 

of cytokines and the presence of many inhibitors in the blood serum [4]. As 

mentioned, PBMCs are mainly composed of immune cells which regulate many 

cytokines, so they are significant and reliable to estimate cytokine expression levels. 

In addition, a more suitable amount of sample can be obtained when using PBMCs 

to confirm gene expression levels, in contrast to other test samples such as fat and 

muscles [5]. There are some studies that indicates activated PBMCs with elevation 

of many cytokine expressions in obese human, even when other tissues such as 

adipose tissue are the primary source of increased inflammatory cytokines [6-8]. 

Several studies have compared adipokine and cytokine gene expressions in 

circulating PBMCs to discuss the correlation between obesity and inflammation in 

humans. However, in veterinary medicine, most studies have evaluated the 

correlation between obesity and inflammation by comparing cytokine concentration 

in serum samples, and only one study utilized gene expression [9]. However, this 

study used whole blood samples instead of PBMCs; hence, there is need for further 

research in this area. 

In this study, we aimed to evaluate how obesity affects the expression of 

inflammation-related adipokines in circulating PBMCs. We analyzed the messenger 

RNA (mRNA) expression of not only adipokines and chemokines such as leptin, 

adiponectin, and monocyte chemoattractant protein-1 (MCP-1), but also pro-

inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α), and 

interleukin-17 (IL-17). The hematological effects of obesity were also considered 

and analyzed by comparing the results of general blood tests on obese and non-obese 
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dogs. 
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2. Materials and Methods 

 

2.1. Animals 

 

All protocols were in accordance with the approved guidelines by Institutional 

Animal Care and Use Committee of Seoul National University (protocol no. SNU-

200519-6). All animals included in this study were client-owned, young as under the 

age of 9, healthy dogs with no known systemic disease and were brought in for blood 

donation. Informed consent was obtained from the owners before each procedure. 

Using a thorough physical examination and the BCS 9 score system, dogs with BCS 

7-9 were defined as obese dogs, while dogs with BCS 4-6 were classified as the 

normal group [10]. The blood samples taken for analysis were part of their health 

screening, which is also evaluated and discussed in this study. Furthermore, 

circulating PBMC samples were taken from whole blood and used to analyze gene 

expression. 

 

2.2. Sample collection 

 

After physical examination, blood sample were obtained by venipuncture 

from jugular vein or cephalic vein. Blood samples were obtained after 12 hours of 

fasting. 

 

2.3. Complete blood count and Serum Biochemistry 



 

5 

 

Blood samples treated with EDTA (Becton, Dickinson and Company, 

Franklin Lakes, NJ) were used for complete blood count (CBC; ADVIA2120i, 

Siemens Healthineers, Erlangen, Germany) while samples taken in SST tubes 

(Becton, Dickinson and Company, Franklin Lakes, NJ) were centrifuged and used 

for the serum chemistry panel (7180 Clinical analyzer, Hitachi, Tokyo, Japan), 

including serum triglycerides (TG) and total cholesterol (T-chol) level measurements, 

and electrolytes level measurements (EasyLyte, Bedford, MA). 

 

2.4. PBMC isolation, RNA extraction, and real time quantitative PCR 

 

PBMCs were isolated from the EDTA-treated blood samples by using 

density-gradient sedimentation with Ficoll—Paque reagent (GE Healthcare, Little 

Chalfont, Bucks, UK). Total RNA was extracted from the PBMCs using easy-

BLUE reagent (iNtRON, Sungnam, Republic of Korea) after following the 

manufacturer’s instruction. With this RNA, 20 μL of cDNA was synthesized with 

CellScript cDNA Master Mix (Cell-Safe, Suwon, Republic of Korea). Each 

patient’s target gene expression was evaluated in duplicate.  

Target adipokines and cytokines included TNF-α, IL-17, MCP-1, leptin, 

adiponctin, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Adipokine 

and cytokine gene expression was quantified by quantitative polymerase chain 

reaction (RT-qPCR) using AMPIGENE qPCR Green Mix Hi-ROX with SYBR 

Green Dye (Enzo Life Sciences, Farmingdale, NY). This was evaluated in duplicate, 



 

6 

and GAPDH, being a housekeeping gene, was used as a reference. The sequences of 

primers used are listed in Table 1. 

 

2.5. Statistical analysis 

  

All data are presented as mean values and standard error of the mean (SEM). 

Statistical comparisons between the two groups were performed using an unpaired 

two-tailed Student’s t-test. P values < 0.05 were considered statistically significant. 

All statistical analyses were performed using GraphPad Prism v 6.01 (GraphPad 

Software Inc., La Jolla, CA). 
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3. Results 

 

3.1. General characteristics of patients  

 

The general characteristics of each patient are shown in Table 2. A total of 

25 dogs participated; 5 dogs were classified in the obese group (BCS above 7) and 

the other 20 were classified in the non-obese control group. All patients are large 

breed dogs, mainly Labradors and golden retrievers. Obese dogs were composed of 

1 intact female, 1 spayed female, and 3 castrated male dogs. Non-obese dogs consist 

of 1 intact female, 2 intact male, 3 spayed female, and 14 castrated male dogs. The 

mean BCS of the obese dogs was at 7.2 ± 0.2, while the non-obese dogs had a mean 

BCS of 5.3 ± 0.14; the mean body weight of the obese dogs was 36.2 ± 2.35 kg, 

while the non-obese dogs have a mean body weight of 32.04 ± 0.99 kg; and the mean 

age of the obese dogs was 5.8 ± 1.16 years, while the non-obese dogs had a mean 

age of 4.9 ± 0.36 years (Table 3). 

 

3.2. Hemato-chemical Parameters 

 

The results of the blood analysis are shown in Table 4. Among the 

hematologic tests and chemistry panels performed, only the blood TG concentration 

level was significantly different between the obese and non-obese dogs (p < 0.0001). 

 

3.3. Gene expression of pro-inflammatory cytokines and adipokines  
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In comparing the gene expression levels between the obese and non-obese 

dogs, TNF-α, IL-17, and leptin showed a statistically significant increase in obese 

dogs (p <0.001) while MCP-1 (p=0.7068) and adiponectin (p=0.3800) showed a 

tendency to increase and decrease in obese dogs, respectively. Diagrams comparing 

the expression of mRNAs are given in Figure 1. 
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4. Discussion 

 

The aim of this study was to compare the expression levels of pro-

inflammatory cytokines and adipokines in the PBMCs of obese and non-obese dogs. 

Previous studies have confirmed that the gene expression in PBMCs is related to the 

amount of visceral fat [11], and varies depending on the presence of systemic 

inflammation [7]. Since PBMCs significantly reflect the expression of obesity-

related systemic cytokines and adipokines as well as represent a more convenient 

sample extraction process in contrast to the use of adipose, liver, and muscle tissues, 

many studies on human obesity and inflammation have been conducted on PBMCs. 

In this study, PBMCs were used as a novel sample to identify in vivo cytokine gene 

expression to characterize the effects of dog obesity on adipokine expression and 

systemic inflammation. 

 As pro-inflammatory cytokines TNF-α and IL-17 significantly increased in 

the circulating PBMCs of obese dogs, it can be established that obese dogs are in a 

low-grade chronic inflammatory status. Studies done in the early 1990s in obese 

mice showed an increase in the expression of TNF-α. TNF-α is expressed and 

secreted in adipose tissue; therefore, its expression increases as the degree of obesity 

increases, thereby causing clinical symptoms such as insulin resistance [12]. 

Additionally, TNF-α also has tumor-promoting activity; hence, the correlation 

between obesity and cancer in humans, which is also a major factor discussed in 

recent studies. IL-17, a cytokine derived mainly from T cells and secreted by adipose 

tissues, plays a major role in the initiation of inflammation. It is also known to be 
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involved in glucose homeostasis and adipogenesis [13]. Studies also reported that 

IL-17 promotes inflammatory response in obese mice [14] and is associated with 

autoimmune diseases and chronic inflammation in humans with obesity [15]. 

Upon comparison of the expression of adipokines and chemokines in 

circulating PBMCs, a difference between obese and non-obese dogs was found. 

Leptin is an adipokine produced from adipocytes and is greatly affected by adipose 

tissue mass [16]. Obesity can result in an increase in blood leptin levels that can lead 

to various clinical symptoms due to its effects on glucose and lipid metabolism, 

angiogenesis, cell-mediated immunity, blood pressure homeostasis, body 

temperature regulation, and appetite regulation [17]. This study confirmed that 

mRNA expression level of leptin on circulating PBMCs is significantly increased in 

obese dogs. Adiponectin is a protein hormone secreted from mature white adipocytes, 

which acts as an anti-inflammatory, anti-diabetic, and anti-tumor adipokine involved 

in insulin sensitization, glucose and lipid metabolism, and angiogenesis inhibition 

[18]. Adiponectin expression can be reduced by TNF-α [19], and evidence suggests 

that it inhibits production of pro-inflammatory cytokines such as TNF-α and IL-6 

[20]. In humans, obesity decreases adiponectin expression, which further affects 

glucose metabolism, causes cardiovascular diseases, and contributes to the 

mechanism of tumor development associated with obesity [18]. On the other hand, 

MCP-1 is a chemokine that increases during obesity and is initiated by pro-

inflammatory cytokine signals. It acts as a chemical principal factor on monocytes 

and affects memory T cells and NK cells. It is also known to influence the 

development of autoimmune and cardiovascular diseases, Alzheimer's disease, local 

immune responses as well as tumor metastasis and growth due to its promotion of 
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tumor angiogenesis [21]. This study’s results showed that adiponectin expressions 

decrease while mRNA expression level of MCP-1 increase in the circulating PBMCs 

of obese dogs. A previous study showed that adiponectin expression in whole blood 

was decreased after weight loss in obese dogs [9], while studies comparing adipokine 

and cytokine levels in the serum of obese dogs have shown a decrease in adiponectin 

concentration [3, 22]. These results were similar to the reports of another study which 

also showed an increase in the concentration of serum MCP-1 in obese dogs [23] 

and a decrease in serum MCP-1 concentration during weight loss [24]. 

This study is the first to discuss changes in mRNA expression level of the 

pro-inflammatory cytokine and adipokine in the circulating PBMCs of obese dogs. 

Confirmation of results at the actual protein level was not performed, nevertheless, 

the significant results of this study can serve as a major foundation for studying the 

correlation between obesity and immune cells, in addition to the existing studies on 

serum cytokine and adipokine concentrations in obese dogs. A follow up study 

confirming the change in expression of more cytokines and adipokines in the 

circulating PBMCs is recommended. Since dogs and humans share a similar 

environment, this study can also serve as an important reference for mediating 

research. 

Blood tests clearly indicated an increase in the TG levels of obese dogs. 

Although no significant difference was found in the T-chol levels, some studies have 

shown that T-chol in obese dogs [3, 25, 26] could be used to evaluate the effects of 

obesity on hyperlipidemia. Therefore, hyperlipidemia can be regarded as a clinical 

symptom associated with obesity in dogs, as in humans. In humans, the risk of 

metabolic syndrome, in which type 2 diabetes mellitus, cardiovascular diseases, and 
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high blood pressure appear together, has been very well established. Obesity has also 

been presented as a problem in dogs, furthering interest in metabolic syndrome. 

Results of this study support previous evidence that confirmed the presence of 

hyperlipidemia in obese dogs, and thus, contribute to the clinical significance of 

metabolic syndrome in obese dogs. 

The neutrophil lymphocyte ratio (N/L ratio) has been used as a marker of 

systemic inflammation and as an indicator of some inflammatory diseases in dogs 

[27, 28]. In this experiment, it was able to confirm if the N/L ratio increased in obese 

dogs. Several studies conducted on human obesity have reported an increase in the 

N/L ratio [29, 30]; however, based on the author’s knowledge, no previous studies 

regarding changes in the N/L ratio have been conducted on dogs. Therefore, further 

discussion on the use of the N/L ratio as an inflammatory marker in future studies on 

dog obesity is recommended. 

Another limitation of this study is the imbalance in the number of dogs 

included in the obese group (n=5) and the control group (n=20). Analysis of small 

breeds was also limited, and advanced tests such as blood insulin concentration and 

lymphocyte differentiation were not performed. Nevertheless, the results of this 

experiment may serve as a basis for further studies with a larger population size, 

more diverse breeds, and more comprehensive laboratory blood test items. 
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5. Conclusion 

 

This is the first study to confirm changes in the mRNA expression levels of 

inflammatory cytokines and adipokines in PBMCs of obese dogs. Our findings could 

serve as a basis for further research on the association of obesity with chronic 

inflammation as well as its correlation with the incidence of systemic diseases 

associated with adipokines in dogs. 
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Table 1. Primer sequences used to detect gene expression of adipokines, 

chemokines, cytokines and housekeeping gene of dogs 

 

 

 

 

 

 

 

  

Genes Primer sequences (5’ to 3’) References 

Leptin 
Forward TTCCTGTGGCTTTGGCCCTAT 

[31] 
Reverse GCCACCACCTCTGTGGAGTA 

Adiponectin 
Forward CCGTGATGGCAGAGATGGC 

[32] 
Reverse AGCCTCGGGGACCTTCAAC 

Monocyte 

chemoattractant protein 1 

Forward GCTCACCCAGCCAGATGC 
[33] 

Reverse GCAGTTTGGGTTTGGCTTTT 

Interleukin-17 
Forward CCGATCTACCTCACCTTGGA 

[34] 
Reverse TCGCAGAACCAGGATCTCTT 

Tumor necrosis factor-

alpha 

Forward TCATCTTCTCGAACCCCAAG  
[35] 

Reverse  ACCCATCTGACGGCACTATC 

Glyceraldehyde-3-

phoaphate dehydrogenase 

Forward TATGACATCAAGAAGGTAGTAA  
[36] 

Reverse GTAGCCAAATTCATTGTCATACCAG 
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Table 2. Characteristics: including breed, age and sex, of the 25 study 

dogs, across body condition scores (BCS) 

Group Breeds Ages Sexes BCS (1 to 9) [10] 

Obese 

Labrador retriever 5 yrs MC 7 

Labrador retriever 6 yrs MC 7 

Golden retriever 2 yrs IF 7 

Labrador retriever 7 yrs FS 7 

Labrador retriever 9 yrs MC 8 

Non-

obese 

Labrador retriever 4 yrs MC 5 

Labrador retriever 3 yrs MC 6 

Poongsan Dog 5 yrs MC 6 

Labrador retriever 4 yrs MC 4 

Labrador retriever 3 yrs MC 6 

Labrador retriever 5 yrs IF 5 

Labrador retriever 5 yrs MC 6 

Golden retriever 2 yrs MC 5 

Labrador retriever 8 yrs FS 6 

Labrador retriever 7 yrs MC 5 

Golden retriever 6 yrs MC 5 

Labrador retriever 3 yrs FS 5 

Labrador retriever 3 yrs MC 5 

Great Pyrenees 6 yrs M 4 

Golden retriever 6 yrs FS 5 

Golden retriever 5 yrs MC 6 

Old English sheepdog 6 yrs IM 6 

Labrador retriever 4 yrs MC 5 

Labrador retriever 7 yrs MC 6 

English sheepdog 6 yrs MC 6 
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Table 3. Mean BCS, body weight, and age of obese and non-obese dogs 

BCS, body condition score; BW, body weight; SEM, standard error of the mean. 

Parameter Non-Obese Obese 

Mean ± SEM Median (range) Mean ± SEM Median (range) 

BCS 5.333 ± 0.1436 5 (4-6) 7.2 ± 0.2 7 (7-8) 

BW (Kg) 32.04 ± 0.9925 31.9 (24.7-38.2) 36.16 ± 2.347 35 (31.5-44.4) 

Age  4.9 ± 0.362 5 (3-8) 5.8 ± 1.158 6 (2-9) 
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Table 4. Complete blood count, serum chemistry, electrolytes of obese 

and non-obese dogs 

WBC, white blood cell; N/L ratio, neutrophil to lymphocyte ratio; PCV, packed cell 

volume; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate 

aminotrasnsferase; ALP, alkaline phosphate; GGT, gamma glutamyl peptidase; T-bil, 

total bilirubin; BUN, blood urea nitrogen; CREA, creatinine; Ca, calcium; IP, 

inorganic phosphorus; TP, total protein; Alb, albumin; T-chol, total cholesterol; TG, 

Parameter Unit Reference 

range 

Non obese group 

(Mean ± SEM; 

n=20) 

Obese group 

(Mean ± SEM, 

n=5) 

P value 

Complete blood count 

WBC /uL 5200-17000 7719 ± 325.2 7914 ± 525.4 0.7877 

N/L ratio   2.19 ± 0.1967 2.969 ± 0.4829 0.0943 

PCV % 37.1-57.0 47.26 ± 0.6217 44.68 ± 1.7 0.0977 

PLT 10000/uL 14.3-40.0 47.26 ± 0.6217 25 ± 2.901 0.4686 

Serum chemistry 

ALT U/L 5.8-83.3 45.7 ± 2.861 50.2 ± 6.733 0.5027 

AST U/L 11.7-42.5 29.75 ± 1.048 29.2 ± 4.283 0.8523 

ALP U/L 0-97.9 34.25 ± 3.39 25 ± 3.435 0.2039 

GGT U/L 0-14 3.4 ± 0.613 3.2 ± 1.158 0.8842 

T-bil mg/dL 0-0.2 0.096 ± 0.01032 0.064 ± 0.01503 0.1614 

BUN mg/dL 9.6-31.4 15.85 ± 0.8328 12.02 ± 1.373 0.0456 

CREA mg/dL 0.4-1.3 1.03 ± 0.03112 1.072 ± 0.08315 0.5768 

Ca mg/dL 9.0-11.9 10.06 ± 0.1025 10.26 ± 0.2227 0.3874 

IP mg/dL 1.3-6.3 3.895 ± 0.2188 3.22 ± 0.4176 0.1777 

TP g/dL 5.7-7.5 6.712 ± 0.09902 6.928 ± 0.22 0.3489 

Alb g/dL 2.6-4.4 3.85 ± 0.06835 3.832 ± 0.05826 0.9027 

T-Chol mg/dL 112-312 252.2 ± 14.34 191.8 ± 16.19 0.0661 

TG mg/dL 21-133 52.87 ± 3.348 111.5 ± 17.04 < 0.0001 

Glu mg/dL 74.5-120 104.5 ± 2.472 106 ± 4.29 0.7770 

Electrolytes 

Na mmol/L 145.1-152.6 146.4 ± 0.2532 146.5 ± 0.405 0.7941 

K mmol/L 3.6-5.5 4.323 ± 0.05241 4.5 ± 0.1118 0.1434 

Cl mmol/L 113.2-122.9 116.6 ± 0.3952 115.7 ± 0.9958 0.3702 
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total trycyceride; Glu, glucose; Na, sodium ; K, potassium; Cl, chloride.
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Figure 1. The mRNA expression of pro-inflammatory cytokines and adipokines 

in PBMC of obese dogs. Expressions of pro-inflammatory cytokines such as TNF-

α and IL-17 and Adipokine such as Leptin, MCP-1, adiponectin were analyzed using 

RT-qPCR. Results are shown as mean ± SEM. *** P < 0.001, **** P < 0.0001. ns, 

not significant. 
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7. 국문초록 

 

비만견의 말초혈액 단핵세포 내 아디포카인 및  

염증 사이토카인의 발현 

 

황 서 영 

 

(지도교수: 윤화영 DVM, PhD) 

 

서울대학교 대학원 

수의학과 임상수의학 (수의내과학) 전공 

 

 

비만은 에너지 섭취와 생산량 사이의 불균형으로 인해 지방 조직 

질량이 증가하는 상태로 사람에서는 만성 저강도 염증의 일종으로 

여겨지며, 2형 당뇨 등 다양한 합병증과 관련이 있는 것으로 밝혀졌다. 

비만이 만성 염증상태에 어떻게 기여하는지 파악하기 위해 체지방지수에 

관련하여 염증성 사이토카인과 아디포카인의 유전자 발현 수준을 

분석하는 여러 연구가 진행되었으며, 말초혈액 단핵세포(PBMC)는 사람 

비만에서 염증 상태를 반영하는 지표인 것으로 확인되었다. 개에서 또한 
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염증으로서의 비만에 관련한 연구가 선행된 바 있으나 PBMC 상에서의 

사이토카인 및 아디포카인의 발현 정도는 확인된 바 없다.  

이 연구에서는 개에서 아디포카인과 염증성 사이토카인으로 leptin, 

adiponectin, monocyte chemoattractant protein 1 (MCP-1), tumor 

necrosis factor alpha (TNF-α) 및 interleukin 17 (IL-17)의 발현을 

분석하여 비만과 관련된 만성 염증에서 PBMC의 역할을 평가하고자 

하였다. 추가적으로, 비만이 혈액학적 변화에 미치는 영향을 검토하기 

위해 정상견과 비만견의 혈액 검사 결과를 비교하였다. 

서울대학교 동물병원에 내원한, 기저 질환이 없는 건강한 대상견을 

신체 충실 지수(body condition score, BCS)에 근거하여 정상견과 

비만견으로 분류하였다. BCS 9단계중 7 이상인 경우 비만견에, 4-6에 

해당하는 경우 비 비만견에 해당하였다. 비 비만견 20마리, 비만견 

5마리로 총 25마리의 혈액 샘플을 채취하여 PBMC를 분리하였으며, 

아디포카인과 염증성 사이토카인으로 TNF-α, IL-17, leptin, MCP-1, 

adioponectin의 유전자 발현 수준을 정량화 하기 위하여 mRNA 추출 

및 실시간 qPCR (RT-qPCR)을 실시하였다. 모든 개체에서의 유전자 

발현 정도는 GAPDH를 기준으로 상대 정량 되었으며, 이후 

통계학적으로 비만견과 비 비만견 사이의 유의성을 평가하기 위해 양측 

t 검정을 실시하였다. 

비만인 개의 PBMC에서 TNF-α, IL-17, leptin의 유전자 발현 

수준이 비만이 아닌 개에 비하여 유의적으로 증가한 것을 확인하였다. 
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TNF-α의 경우 7.93배 증가하였으며(P < 0.001), IL-17은 3.97배 

증가하였고(P < 0.0001), leptin은 4.80배 증가하였다(P < 0.0001). 

이러한 결과는 염증과 관련된 아디포카인과 염증성 사이토카인의 유전자 

발현 수준 변화가 PBMC에서 발생함을 의미하여, 만성 저강도 

염증으로서의 비만에 영향을 주고 있을 것으로 판단된다. 

혈액검사 상에서는 비만견의 total triglyceride (TG)가 정상견에 

비해 2.1배 증가하였다 (P < 0.0001). 따라서 고지혈증은 사람처럼 

개의 비만과 관련된 임상증상으로 여겨질 수 있다. 이러한 연구 결과는 

비만견에서 고지혈증을 확인한 이전의 연구들에 부합하며, 따라서 

비만견에서 대사증후군이 가지는 임상적 의의에 기여한다. 

호중구 대 림프구비(neutrophil to lymphocyte ratio, N/L ratio)는 

인의에서 확인된 전신성 염증의 지표로, 개에서는 면역 매개성 장 

증후군 등의 몇몇 염증성 질환에서 해당 지표의 유의성에 관해 논의된 

바 있다. 본 연구에서 비만견의 N/L ratio가 2.97로 정상견의 N/L 

ratio인 2.19에 비해 1.35배 증가하는 경향성을 확인함으로써 

염증으로의 비만에 대해 제시하였다. 인의 비만과 달리 개에서 해당 

지표에 관한 이전의 연구는 진행된 바 없으며, 따라서 개의 비만에 관한 

염증 마커로의 N/L ratio를 확인하는 향후 연구를 권장한다. 

본 연구는 비만견의 PBMC에서 염증성 사이토카인과 

아디포카인의 발현 수치의 변화를 확인한 첫 연구이다. 이러한 결과는 

개의 아디포카인과 관련된 전신 질환 발생뿐만 아니라 만성 염증과 
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비만의 연관성에 대한 향후 연구의 기초가 될 것으로 생각된다. 

주요어 : 아디포카인; 전염증성 사이토카인; 개; 비만; 말초 혈액 단핵 
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