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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a disorder where persons who don't drink
alcohol have an increase in fat of liver (accumulation of adipose tissue in the liver cells). Fat
accumulation accounts for more than 5% of total liver weight. NAFLD if untreated, a symptom
of the hepatic syndrome, can proceed to a more severe form. NAFLD can develop from
steatosis to non-alcoholic steatohepatitis (NASH) [1]. In patients who do not use a significant
quantity of alcohol, NASH (of NAFLD is Steatosis with Fibrosis) is characterized by
morphological traits that cannot be distinguished from alcoholic liver disease. Steatohepatitis,
generally, is defined as an increase in fat levels that leads to inflammation [2]. The main
causes of NAFLD are obesity, dyslipidemia, type II diabetes and insulin resistance [3,4].
Numerous additional conditions, including jejuna bypass surgery, medications, poor nutrition,
excessive bacterial growth, specific enzymes deficiency, such as a-1-antitrypsin, and exposure
to harmful chemicals are also linked to NAFLD [5]. Figure 1 below demonstrate the
morphological differences between the healthy and NAFLD-affected livers.
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Fig. 1 demonstrate the morphological differences between the healthy and affected livers [6].

It is still unclear what causes NAFLD/NASH and how common it is. It's crucial to
comprehend the etiology of NAFLD/NASH to develop effective treatments. Surprisingly,
autopsy records show that NAFLD is at least six times more common in obese people than in
people who are average weight or underweight [7]. Overweight or obese individuals who also
have insulin resistance or type 2 diabetes, some degree of cardiovascular disease, and high
blood pressure are typical kinds of NAFLD patients [8]. The body mass index (BMI) and
NAFLD are directly correlated. The risk of NAFD is significantly increased with increasing the
BMI values [9]. As the prevalence of obesity grows, a growing number of people are
developing NAFLD, including NASH [10]. Obesity leads to an increase in adipose tissue. It is
generally known that adipose tissue serves as both a source of free fatty acids for the liver and
a reservoir for the triglycerides that the liver cells (hepatocytes) produce and release into the
blood. Along with producing adipose tissue itself, adipose tissue also produces certain
hormones that control metabolism in other tissues. Neurotransmitters can also be obtained
from adipose tissue. Adipocytes from adipose tissues also create immune-mediating cytokines
[11]. According to two hypotheses, liver steatosis is the first phase, and the mechanism that
accelerates the fibrosis, necrosis, and inflammation associated with NASH is the second step
[4,5,12-15]. Small, secreted proteins known as cytokines (signaling molecules) play an
important role in controlling inflammation. they are produced in response to pathogen
invasion to boost immune system cells. Cytokines are divided into pro-inflammatory (also
known as T helper 1) and anti-inflammatory (also known as T helper 2) cytokines depending
on the source of their synthesis and the kind of immune response [16]. Interleukins (IL) (like
IL-1, IL-6), tumor necrosis factor-alpha (TNF-a), and interferon (IFN) are the primary pro-
inflammatory Thl cytokines, whereas IL-4 and IL-10 are the key anti-inflammatory Th2
cytokines. Normally, Th2 cytokines block the production of Th1 cytokines and vice versa. [17].
Anti-inflammatory and pro-inflammatory cytokines are often in equilibrium [18]. Th1l pro-
inflammatory cytokines are elevated during pathogen infection. Pro-inflammatory cytokine
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release that is out of control can cause very serious inflammation. The persistence of infection
is caused by a shift in the balance of the Th1/Th2 cytokine response or an uneven pro-
inflammatory cytokine pattern [19]. The condition known as cytokine release syndrome or
cytokine storm results from an immunological response that is not properly controlled. An
aggressive pro-inflammatory response and a deficient anti-inflammatory response
characterize this uniqueness [20]. Consequently, by evaluating the findings of prior research,
reviews, and studies, we analyzed the relationship between pro-inflammatory cytokines
generated by adipose tissue and the pathophysiology and development of NAFLD in this
review.

Pathophysiology of NAFLD

Pathophysiology of NAFLD is still not completely understood. According to the
mechanical theory of NAFLD pathogenesis and progression, lipid buildup causes hepatic
steatosis, which in turn causes several injuries such as adipocyte secretion, inflammation,
lipotoxicity, and disruption of glucose and lipid metabolism. These injuries may eventually
result in non-alcoholic steatohepatitis (NASH) and cirrhosis [21-23]. An important part of
how inflammatory processes are coordinated throughout the body is played by cytokines and
adipocytokines, intermediaries generated by adipocytes. Additionally, some of these
intermediates can control a variety of processes, such as inflammatory, immunological, and
metabolic ones as insulin resistance (IR) [24-26].

Prevalence of NAFLD

Fatty Liver Diseases mortality globally roughly doubled between 1990 and 2015,
according to data from the Global Burden of Disease. Each year, 170,000 people die in
Western Europe due to liver cirrhosis [27]. Figure 2 shows the stages of disease progression.
In the first stage, it is the accumulation of simple fats, as it spreads to 25-30% of the world’s
population. After that, the disease progresses to non-alcoholic steatohepatitis (NASH) and
fibrosis with a prevalence rate of up to 30%. It further progresses to the stage of cirrhosis of
the liver, which is about 14 %, which leads to many patients suffering from hepatocytes
carcinoma (HCC) by 0.5% [28].

Healthy Liver Steatosis NASH Cirrhosis HCC
NAFL
Y %3 Ve ",' ‘)
. | ‘__,/’/ — > ‘_y — —
P &
- (NS
Fat Steatosis + Fibrogenesis Tumor
accumulation Inflammation Development
Obesity 25-30% i ” -
Metablolic wmm- | General | w70 g | (FUMCE, | wmmm | OUITT
disorders population

Fig. 2 Disease progression in fatty liver disease [29].
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Symptoms and diagnosis

NAFLD usually causes no signs and symptoms. When it does, they may include fatigue and
pain or discomfort in the upper right abdomen. Possible signs and symptoms of NASH and
advanced scarring (cirrhosis) include Abdominal swelling (ascites), Enlarged blood vessels
just beneath the skin's surface, Enlarged spleen, Red palms, and Yellowing of the skin and eyes
(jaundice). The main reason for the development of NAFLD it is not diagnosed in the early
stages because of the absence of symptoms in patients. It is often diagnosed after blood tests
and medical tests or during surgery when the doctor notices that the liver is fatty. After that,
the type of fatty liver is diagnosed if the patient does not take alcohol or drugs or does not
have a bacterial infection, then this type is non-alcoholic fatty liver disease [30]. Tests of liver
enzymes in the blood such as alanin amino transferase (ALT) and aspartate amino transferase
(AST) are used as indicators of cirrhosis of the liver and the evidence of the development of
the disease and its arrival in the late stages, in which there is no return from fatty liver
disease, and analyses and imaging techniques such as (MRI, CT scans, ultrasound) are seen as
a sign of fatty liver [31]. A recent method is the fatty liver index (FLI), which combines
imaging techniques and liver histology, which consists of measuring body mass index, waist
circumference, liver enzymes and triglyceride content in the liver, but not all patients with
obesity develop fatty liver disease. To prevent the development of this disease by giving drug-
free treatents, as well as exercise and healthy food [32].

Treatment for NAFLD

The features of non-alcoholic fatty liver disease (NAFLD) are fat buildup and, in a sizable
subset of individuals, liver inflammation [33]. Therefore, weight loss is recommended to treat
NAFLD and NASH. Weight loss can reduce fat, inflammation, and fibrosis in the liver [32]. The
laparoscopic sleeve gastrectomy cures NAFLD and modulates inflammation, according to
Cabré, et al. (2019) [34]. Perito, et al. (2017) discovered a correlation between NAFLD and
liver histology [35].

Cytokines and NAFLED

Pro-inflammatory cytokines were shown to be associated with the onset and progression
of nonalcoholic fatty liver disease by Bessone, et al. in 2019 [36]. TNF-a is used as a predictor
for the development of NAFLD by Seo, et al. (2013) [37]. Netea, et al. (2017), Kubes and Mehal
(2012) discovered that the capacity of inflammation influences the long-term effects of liver
disease, including the development of liver fibrosis, cirrhosis, and cancer [38,39].

Several previous studies have been showing that the show inflammatory cytokines
especially IL-1, IL-6 and TNF-a have a vital role in many stages of liver diseases. These
essential cytokines influence all types of liver cells and control the release of several other
intermediates important in chronic liver disease [24,40,41]. The pro-inflammatory cytokines
IL-1 (and IL-1) and TNF-a play a crucial role in various phases of liver illnesses, mediating key
elements of those diseases and the degree of fibrosis, according to a review study by
Niederreiter and Tilg [42]. All kinds of liver cells are impacted by these important cytokines,
which also control the production of various other mediators important in chronic liver
disorders. Advanced NAFLD patients have continuously high levels of pro-inflammatory
cytokines both locally and systemically, which affects many clinical aspects of these diseases
[36]. To patients with NAFLD, Zhu and Deng (2008) used the measurement of serum TNF- a
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and TGF-1 [43]. Obese individuals have been shown to have an increase in pro-inflammatory
cytokines in their adipose tissue, and these cytokines are linked to inflammatory disorders,
according to Coppack (2001) and Chen, et al. (2017) [44,45]. According to Poniachik and
colleagues' (2006) study, TNF-a and IL-1 play a critical role in the pathogenesis of several
features of obese NAFLD [46]. Another study [47] discovered a connection between IL-1, TNF-
a, and NAFLD in obese people. According to Kern, et al. (2018) study, there is a connection
between TNF-a and IL-6, obesity, and inflammation, as liver cancer [48]. Inflammatory
processes in the body are organized by cytokines and adipocytokines, and the pro-
inflammatory cytokines TNF-a and IL-6 are vitally significant in the pathophysiology of
several aspects of human NAFLD, according to the study results of Tilg (2010) [49]. According
to the findings of the Kumar Das and Balakrishnan (2011) study [50], NAFLD patients had
significantly higher body mass indices (BMI) than the control group (most patients had
hyperlipidemia and were overweight), and their levels of the pro-inflammatory cytokines
TNF-a, TGF-1, and IL-6 were significantly higher than those of healthy individuals. The levels
of the pro-inflammatory cytokines TNF-a and IL-6 were greater in obese patients than in
patients of normal weight, as well as in NASH patients as compared to patients with steatosis.
In conclusion, NAFLD patients had considerably higher levels of IL-6, TNF-a, and TGF-1
compared to healthy individuals. Additionally, the severity of NAFLD was substantially
correlated with the levels of IL-6, TNF-a, and TGF-1 [50]. Additionally, several earlier
researches revealed presence a connection between pro-inflammatory cytokines, obesity, and
NAFLD [51-54]. In 2013, Holterman et al. discovered a link between NAFLD and individuals
who were extremely obese [55]. Additionally, Riquelme et al. (2009) demonstrated a link
between NAFLD and obesity [56]. In morbidly obese individuals, Garca-Galiano, et al. (2007)
used IL-6 and TGF-1 as independent predictive indicators for hepatic steatosis and non-
alcoholic steatohepatitis [57]. Duan, et al. (2022) conducted a meta-analysis of 90 papers that
were relevant and reported on the association between inflammatory cytokines and NAFLD.
Following database research, the meta-analysis revealed substantial links between NAFLD
and IL-1, IL-6, TNF-a, and intercellular adhesion molecule-1 (ICAM-1). They proposed that
pro-inflammatory mediators may act as biomarkers for NAFLD, be used to detect the disease
early, and interfere with its progression [58].

Discussion

Non-alcoholic fatty liver disease (NAFLD), which affects 25% of the general population
worldwide and is the primary cause of impaired liver function, has become the most well-
known chronic liver disease [59]. 80% of NAFLD patients are obese population [60]. NAFLD
and obesity are frequently associated. In obese individuals, fat buildup, particularly in the
abdominal area, impacts lipid and glucose metabolism. when an overweight liver develops
insulin resistance. Adipocytes and the release of many mediators from immune cells are two
factors that contribute to the development of NAFLD and chronic inflammation when there is
insulin resistance [51]. The relevance of the pro-inflammatory cytokines in the metabolic
inflammation seen in NAFLD and morbid obesity is being progressively recognized. Generally
speaking, inflammation of adipose tissue is related to morbid obesity. Adipose tissue
inflammation is characterized by an increase in the release of many pro-inflammatory
cytokines, including TNF-a, IL-1, and IL-6. The production of these pro-inflammatory
cytokines in adipose tissue is shown to be 100-1000 times greater in individuals with severe
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obesity and fatty liver disease than it is in the liver. As a result, in cases of extreme obesity,
adipose tissue might be thought of as the body's cytokine factory [62].

Most earlier investigations have shown that individuals with NAFLD tend to have
increased BMI levels. NAFLD has therefore frequently been linked to obesity and dyslipidemia
[63], and this was the first description up to this review. Weight gain appears to reinforce the
link between metabolic risk variables and NAFLD [64]. Another study had shown that NAFLD
may not be a severe disease among young over-weight males [65].

Ultrasound-based NAFLD diagnosis in adults is linked to hypertriglyceridemia, obesity,
abnormal liver functions, and results from a few additional tests. Obesity was the only one of
these characteristics that were independently associated with FLD as detected by
ultrasonography [66].

Most investigations found that NAFLD patients had considerably higher levels of the pro-
inflammatory cytokines IL-1, IL-6, and TNF-a than normal participants. Additionally, as the
disease's severity rose, the number of NAFLD patients increased. Numerous research on fatty
liver disease has shown that the condition phases blood TNF-a levels [67,68]. TNF-a promotes
the production of fatty acids in hepatic cells, which raises blood triglyceride levels [69].
Increased hepatic fatty acid synthesis causes the liver to produce more VLDL cholesterol [70].
TNF-a may therefore cause hepatocyte growth as well as hepatocyte cell apoptosis [71], and
plays a significant role in the development of liver fibrosis in NAFLD [72].

Regulation of immune responses and acute phase reactions by IL-6 is crucial for
inflammation and host defense against tissue damage [73]. Interleukin-6, but not TNF-a,
increases lipogenesis [74]. TNF-a and IL-6 both, connected to insulin resistance and obesity
[75-78].

As a result, NAFLD may be to blame for altering the ratio of pro-inflammatory to anti-
inflammatory cytokines. Pro-inflammatory cytokines affect fibro-genic processes and
incredible-pericellular matrix expression [79]. A crucial component of liver apoptosis and
fibro genesis is transforming growth factor (TGF-1) [80], and collagen production [18] was
dramatically raised in this study's NAFLD patients following chronic liver damage.

Ethical Clearance

This study is a review of several earlier investigations into the relationship between
infected NAFLD patients' pro-inflammatory cytokines. Additionally, numerous earlier review
publications were cited in the research.

Conclusion

Hyperlipidemia and being overweight are linked to NAFLD. The pro-inflammatory aspect
of NAFLD seems to be influenced by the interplay of several different variables. Inflammation
and insulin resistance are caused by pro-inflammatory cytokines, which also play a significant
role in the relationship between metabolic and hepatic problems.
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We show that levels of pro-inflammatory cytokines are strongly correlated with NAFLD in

obese individuals. As a result, the pathophysiology and development of NAFLD are
significantly influenced by the pro-inflammatory cytokines of adipose tissues. Additional

research is required to corroborate these findings.

References

1.

10.

11.

12.

13.

14.

Bugianesi, E., McCullough, A. ]., & Marchesini, G. (2005). Insulin resistance: a metabolic
pathway to chronic liver disease. Hepatology, 42(5), 987-1000.

Ludwig, J., Viggiano, T. R., McGill, D. B., & Ott, B. ]. (1980). Nonalcoholic steatohepatitis:
Mayo Clinic experiences with a hitherto unnamed disease. Mayo Clinic Processing, 55, 434-
438.

Das, S. K., Balakrishnan, V., Mukherjee, S., & Vasudevan, D. M. (2008). Evaluation of blood
oxidative stress related parameters in alcoholic liver disease and non-alcoholic fatty liver
disease. Scand Journal Clinic Lab Investigation, 68(4), 323-334.

Stols-Gongalves, D., Tristdo, L. S., Henneman, P., & Nieuwdorp M. (2019). Epigenetic
Markers and Microbiota/Metabolite-Induced Epigenetic Modifications in the Pathogenesis
of Obesity, Metabolic Syndrome, Type 2 Diabetes, and Non-alcoholic Fatty Liver Disease.
Current Diabetes Reports, 19(6), 31.

Das, S. K., Mukherijee, S., & Vasudevan, D. M. (2006). Non-alcoholic fatty liver diseases: an
under recognized cause with emerging importance. Current Science Association, 90, 659-
665.

Puengel, T., Liu, H., Guillot, A.,, Heymann, F., Tacke, F., & Peiseler, M. (2022). Nuclear
Receptors Linking Metabolism, Inflammation, and Fibrosis in Nonalcoholic Fatty Liver
Disease. International Journal of Molecular Sciences, 23(5), 2668.

Fan, |. G, Zhuy, J., Li, X. ], Chen, L., Li, L,, Dai, F., Li, F., & Chen, S. Y. (2005). Prevalence of and
risk factors for fatty liver in a general population of Shanghai, China. Journal of Hepatology,
43,508-514.

Targher, G., & Arcaro, G. (2007). Non-alcoholic fatty liver disease and increased risk of
cardiovascular disease. Atherosclerosis, 191(2), 235-240.

Li, L., Liu, D. W,, Yan, H. Y, Wang, Z. Y., Zhao, S. H., & Wang, B. (2016). Obesity is an
independent risk factor for nonalcoholic fatty liver disease: evidence from a meta-analysis
of 21 cohort studies. Obesity reviews, 17(6), 510-519.

Starley, B. Q., Calcagno, C. ]., & Harrison, S. A. (2010). Nonalcoholic fatty liver disease and
hepatocellular carcinoma: a weighty connection. Hepatology, 51(5), 1820-1832.

Diehl, A. M,, Li, Z. P,, Lin, H. Z,, & Yang, S. Q. (2005). Cytokines and the pathogenesis of non-
alcoholic steatohepatitis. Gut, 54(2):303-306.

Browning, J. D., & Horton, J. D. (2004). Molecular mediators of hepatic steatosis and liver
injury. Journal of Clinic Investigation, 114, 147-152.

Day, C. P., & James, O. F. (1998). Steatohepatitis—a tale of two hits. Gastroenterology, 114,
842-845.

McClain, C. J.,, Mokshagundam, S. P., Barve S. S. Song, Z.,, Hill, D. B., Chen, T., & Deaciuc, I.
(2004). Mechanisms of non-alcoholic steatohepatitis. Alcohol, 34, 67-79.

77



15.Ma, K. L., Ruan, X. Z, Powis, S. H., Chen, Y., Moorhead, J. F., & Varghese, Z. (2008).
Inflammatory stress exacerbates lipid accumulation in hepatic cells and fatty livers of
apolipoprotein E knockout mice. Hepatology, 48(3), 770-781.

16. Turner, M. D. (2014). Cytokines and chemokines: At the crossroads of cell signalling and
inflammatory disease. Biochimica et Biophysica Acta, 1843, 2563-2582.

17.Crews, F. T., Bechara, R., Brown, L. A,, Guidot, D. M., MandreKkar, P., Oak, S., Qin, L., Szabo, G.,
Wheeler, M., & Zou, ]. (2006). Cytokines and alcohol. Alcohol Clinic Experimental
Research, 30, 720-730.

18. Cameron, R. G, & Neuman, M. G. (1999). Novel morphologic findings in alcoholic liver
disease. Clinical Biochemistry, 32(7), 579-584.

19.1sa, A. (2006). Cytokine responses in acute and persistent human parvovirus B19 infection.
Clinical and Experimental Immunology, 147, 419-425.

20. Tisoncik, ]. R, Korth, M. ]., Simmons, C. P., Farrar, J., Martin, T. R. & Katze, M. G . (2012). Into
the Eye of the Cytokine Storm. Microbiology Molecular Biology Review, 76:16-32.

21.Pierantonelli, I, & Svegliati-Baroni G. (2019). Nonalcoholic Fatty Liver Disease: Basic
Pathogenetic Mechanisms in the Progression From NAFLD to
NASH. Transplantation, 103(1), 1-13.

22.Friedman, S. L., Neuschwander-Tetri, B. A., Rinella, M., & Sanyal, A. J. (2018). Mechanisms
of NAFLD Development and Therapeutic Strategies. National Medecine, 24(7), 908-22.

23.Peng, C., Stewart, A. G, Woodman, O. L, Ritchie, R. H.,, & Qin, C. X. (2020). Non-Alcoholic
Steatohepatitis: A Review of Its Mechanism, Models and Medical Treatments. Frontiers in
Pharmacology, 11:603926.

24.Tilg, H. (2001). Cytokines and liver diseases. Canadian Journal of Gastroenterology and
Hepatology, 15: 661-668.

25. Marchesini, G., Brizi, M., Morselli-Labate, A.M., Bianchi, G., Bugianesi, E., McCullough, A. ],
Forlani, G., & Melchionda, N. (1999). Association of nonalcoholic fatty liver disease with
insulin resistance. American Journal of Medicine, 107(5), 450-455.

26.Shoelson, S. E,, Lee, ]., & Goldfine, A. B. (2006). Inflammation and insulin resistance. Journal
of Clinical Investigations, 116(7), 1793-1801.

27.Blachier, M., Leleu, H., Peck-Radosavljevic. M.. Valla, D.-C., & Roudot-Thoraval. F. (2013)
The burden of liver disease in Europe: a review of available epidemiological data. Journal
of hepatology, 58(3), 593-608.

28.Drew, L. (2017). Fatty liver disease: turning the tide. Nature, 550(7675):S101).

29.Engelmann C., & Tacke F. (2022). The Potential Role of Cellular Senescence in Non-
Alcoholic Fatty Liver Disease. International Journal of Molecular Sciences, 23(2), 652.

30. Abd El-Kader, S. M., El-Den Ashmawy, E. M. (2015). Non-alcoholic fatty liver disease: The
diagnosis and management. World Journal of Hepatology, 7(6):846-58.

31. Eisenstein, M. (2017). Diagnostics: Missing the point. Nature, 551, 7681.

32. Araujo, A. R, Rosso, N., Bedogni, G., & Tiribelli, C. (2018). Bellentani Global epidemiology of
non-alcoholic fatty liver disease/non-alcoholic steatohepatitis: What we need in the
future. Liver international, 38 (1), 47-51.

33.Tilg, H. & Diehl A.M. (2000). Cytokines in alcoholic and nonalcoholic steatohepatitis. New
England Journal of Medicine, 343, 1467-1476.

34. Cabré, N., Luciano-Mateo, F., Fernandez-Arroyo, S., Baiges-Gaya, G., Herndndez-Aguilera, A.,
& Fibla, M. (2019). Laparoscopic Sleeve Gastrectomy Reverses non-Alcoholic Fatty Liver

78



Disease Modulating Oxidative Stress and Inflammation. Metabolism: Clinical Experimental,
99, 81-9.

35. Perito, E. R, Ajmera, V., Bass, N. M., Rosenthal, P., Lavine, |. E., & Schwimmer, J. B. (2017).
Association Between Cytokines and Liver Histology in Children With Nonalcoholic Fatty
Liver Disease. Hepatology Communications, 1(7), 609-22.

36.Bessone, F., Razori, M. V., & Roma, M. G. (2019). Molecular Pathways of Nonalcoholic Fatty
Liver Disease Development and Progression. Cell Molecular Life Science, 76(1), 99-128.

37.Se0, Y. Y, Cho, Y. K, Bae, ].C,, Seo, M. H.,, Park, S. E., & Rhee, E. J. (2013). Tumor Necrosis
Factor-Alpha as a Predictor for the Development of Nonalcoholic Fatty Liver Disease: A 4-
Year Follow-Up Study. Endocrinology Metabolism, 28(1), 41-5.

38. Netea, M. G., Balkwill, F., & Chonchol, M. (2017). A guiding map for inflammation. Nature
Immunology, 18, 826-831.

39.Kubes, P., & Mehal, W.Z. (2012). Sterile inflammation in the liver. Gastroenterology, 143,
1158-1172.

40.Yin, M., Wheeler, M. D., & Kono, H. (1999). Essential role of tumor necrosis factor alpha in
alcohol-induced liver injury in mice. Gastroenterology, 117, 942-952.

41.Sims, J. E.,, & Smith, D.E. (2010). The IL-1 family: regulators of immunity. Nature Review
Immunology, 10(2), 89-102.

42.Niederreiter, L., & Tilg, H. (2018). Review Article; Cytokines and fatty liver diseases. Liver
Research, 2(1) , 14-20.

43.7Zhuy, Q. X, & Deng, C. S. (2008). Detection and Significance of Serum TNF-«, Tgf-f1 and hs-
CRP in Patients With non-Alcoholic Fatty Liver Disease. World Chinese Journal of
Digestology, 16(34), 3910-2.

44. Coppack, S. W. (2001). Pro-inflammatory cytokines and adipose tissue. The Proceedings of
the Nutrition Society, 60 (3), 349-56.

45. Chen, L., Deng, H,, Cui, H,, Fang, ], Zuo, Z, Deng, ], Li, Y, Wang, X,, & Zhao, L. (2018).
Inflammatory responses and inflammation-associated diseases in organs. Oncotarget, 9(6),
7204-7218.

46. Poniachik, ., Csendes, A., Diaz, J.C., Rojas, ]., Burdiles, P., Maluenda, F., Smok, G., Rodrigo,
R, & Videla, L. A. (2006). Increased production of IL-lalpha and TNF-alpha in
lipopolysaccharide-stimulated blood from obese patients with non-alcoholic fatty liver
disease. Cytokine, 33, 252-257.

47.Nov, 0., Shapiro, H., Ovadia, H., Tarnovscki, T. Dvir, I, Shemesh, E., & et. al. (2013).
Interleukin-1f3 regulates fat-liver crosstalk in obesity by auto-paracrine modulation of
adipose tissue inflammation and expandability. PLoS One, 8(1), 53626.

48.Kern, L., Mittenbiihler, M. ]., Vesting, A. J., & Wunderlich, F. T. (2018). Obesity-Induced
TNFa and IL-6 Signaling: The Missing Link between Obesity and Inflammation-Driven
Liver and Colorectal Cancers. Cancers, 11 (1), 24.

49.Tilg, H. (2010). Review: The role of cytokines in non-alcoholic fatty liver disease. Digestive
Diseases, 28(1), 179-85.

50.Das, S. K., & Balakrishnan V.(2011). Role of Cytokines in the Pathogenesis of Non-Alcoholic
Fatty Liver Disease. Indian Journal of Clinical Biochemistry, 26(2), 202-209.

51. Auguet, T., Bertran, L. Binetti, ], Aguilar, C., Martinez, S., Sabench, F., & et al. (2020).
Relationship Between IL-8 Circulating Levels and TLR2 Hepatic Expression in Women
With Morbid Obesity and Nonalcoholic Steatohepatitis. International Journal of Molecular

Sciences, 21(11):4189.
79



52.Henao-Mejia, J., Elinav, E., Jin, C., Hao, L., Mehal, W. Z., Strowig, T., & et al. (2012).
Inflammasome-Mediated Dysbiosis Regulates Progression of NAFLD and Obesity. Nature
482(7384), 179-85.

53.Du Plessis, J., Van Pelt, ]., Korf, H., Mathieu, C., Van Der, S. B., Lannoo, M., & et al. (2015).
Association of Adipose Tissue Inflammation With Histologic Severity of Nonalcoholic Fatty
Liver Disease. Gastroenterology, 149(3):635-648.

54. Al Rifai, M,, Silverman, M. G., Nasir, K., Budoff, M. ], Blankstein, R., Szklo, M., & et al. (2015).
The Association of Nonalcoholic Fatty Liver Disease, Obesity, and Metabolic Syndrome,
With Systemic Inflammation and Subclinical Atherosclerosis: The Multi-Ethnic Study of
Atherosclerosis (Mesa). Atherosclerosis 239(2), 629-633.

55. Holterman, A. X., Guzman, G., Fantuzzi, G., Wang, H., Aigner, K., Browne, A., & et al. (2013).
Nonalcoholic Fatty Liver Disease in Severely Obese Adolescent and Adult Patients. Obesity
(Silver Spring) 21(3):591-7.

56.Riquelme, A., Arrese, M., Soza, A., Morales, A., Baudrand, R., Perez-Ayuso, R. M., & et al.
(2009). Non-Alcoholic Fatty Liver Disease and its Association With Obesity, Insulin
Resistance and Increased Serum Levels of C-reactive Protein in Hispanics. Liver
International, 29(1), 82-8.

57. Garcia-Galiano, D., Sdnchez-Garrido, M. A., Espejo, 1., Montero, J. L., Costan, G., Marchal, T., &
et al. (2007). IL-6 and IGF-1 are Independent Prognostic Factors of Liver Steatosis and
non-Alcoholic Steatohepatitis in Morbidly Obese Patients. Obesity Surgery, 17(4), 493-503.

58.Duan, Y, Pan, X, Luo, ], Xiao, X, Li, ], Bestman P. L., & Luo. M. (2022). Association of
Inflammatory Cytokines With Non-Alcoholic Fatty Liver Disease (Meta-Analysis). Frontiers
in Immunology, 13, 880298.

59.Powell, E. E, Wong, V. W, & Rinella, M. (2021). Non-Alcoholic Fatty Liver
Disease. Lancet, 397(10290), 2212-2224.

60. Satapathy, S. K., & Sanyal, A. ]. (2015). Epidemiology and Natural History of Nonalcoholic
Fatty Liver Disease. Seminars in Liver Disease, 35(3), 221-35.

61.Liu, Q. Bengmark, S., & Qu, S. (2010). The role of hepatic fat accumulation in pathogenesis
of non-alcoholic fatty liver disease (NAFLD). Lipids in Health and Disease, 9, 42.

62.Moschen, A. R., Molnar, C,, Geiger, S, Graziadei, 1., Ebenbichler, C. F., Weiss, H., Kaser, S,
Kaser, A., & Tilg H. (2010). Anti-inflammatory effects of excessive weight loss: potent
suppression of adipose interleukin 6 and tumour necrosis factor alpha expression.
Gut, 59(9), 1259-1264.

63. Falck-Ytter, Y., Younossi, Z. M., Marchesini, G., & McCullough, A. ]J. (2001). Clinical features
and natural history of nonalcoholic steatosis syndromes. Seminars in Liver Disease,
21(1):17-26.

64. Lee, K, Sung, ]. A, Kim, J. S., & Park, T. ]J. (2009). The roles of obesity and gender on the
relationship between metabolic risk factors and non-alcoholic fatty liver disease in
Koreans. Diabetes/Metabolism Research and Reviews. 25(2):150-155.

65. Madan, K, Batra, Y., Gupta, S. D., Chander, B., Rajan, K. D., Tewatia, M. S., Panda, S. K. &
Acharya, S. K. (2006). Non-alcoholic fatty liver disease may not be a severe disease at
presentation among Asian Indians. World Journal of Gastroenterolology, 12, 3400-3405.

66.Lee, S, Jin, K. Y, Yong, J. T,, Hoi K. H.,, Woo O. S, Park Y., & Soo K. S. (2006). Obesity is the
only independent factor associated with ultrasound-diagnosed non-alcoholic fatty liver
disease: a cross-sectional case-control study. Scandinavian Journal of Gastroenterology,

41(5), 566-572.
80



67.Kuglemas, M., Hill, D., Vivian, B., Marsano, L., & McClain, C. (2003). Cytokines and NASH: a
pilot study of the effects of lifestyle modification and vitamin E. Hepatology, 38, 413-419.

68. Wigg, A. ., Roberts-Thomson, 1. C., Dymock, R. B., McCarthy, P. ]., Grose, R. H., & Cummins,
A. G. (2001). The role of small intestinal bacterial overgrowth, intestinal permeability,
endotoxaemia, and tumor necrosis factor alpha in the pathogenesis of non-alcoholic
steatohepatitis. Gut, 48:206-211.

69. Feingold, K. R,, Soued, M,, Serio, M. K,, Adj, S., Moser, A. H., & Grunfeld, C. (1990). The effect
of diet on tumor necrosis factor stimulation of hepatic lipogenesis. Metabolism, 39(6),
623-632.

70. Grunfeld, C., & Feingold, K. R. (1992). Tumor necrosis factor, interleukin, and interferon
induced changes in lipid metabolism as part of host defense. Proceedings of the Society for
Experimental Biology and Medicine, 200, 224-227.

71. Wullaert, A., Loo, G., Heyninck, K., & Beyaert, R. (2007). Hepatic tumor necrosis factor
signaling and nuclear factor-kappaB: effects on liver homeostasis and beyond. Endocrine
Reviews, 28(4), 365-386.

72.Tomita, K., Tamiya, G., Ando, S., Ohsumi, K., Chiyo, T., Mizutani A. & et al. (2006). Tumor
necrosis factor alpha signalling through activation of Kupffer cells plays an essential role
in liver fibrosis of non-alcoholic steatohepatitis in mice. Gut, 55(3):415-424.

73.Sehgal, P. B, Greininger, G., & Tosato, G. (1989). Regulation of the acute phase and immune
responses: interleukin 6. Annals of the New York Academy of Sciences, 557, 1-583.

74.Brass, E. P., & Vetter, W. H. (1994). Interleukin-6, but not tumor necrosis factor-alpha,
increases lipogenesis in rat hepatocyte primary cultures. Biochemical Journal, 301 (1),
193-197.

75.Kim, H. ], Higashimori, T., Park, S. Y., Choi, H., Dong, ]., Kim, Y. ]., & et al. (2004). Differential
effects of interleukin-6 and -10 on skeletal muscle and liver insulin action in vivo. Diabetes,
53(4), 1060-1067.

76. Hotamisligil, G. S. (2003). Inflammatory pathways and insulin action. International journal
of obesity and related metabolic disorders, 27(3), 53-55.

77.Senn, |. ]., Klover, P. ]., & Nowak, L. A, (2002). Mooney RA. IL-6 induces insulin resistance in
hepatocytes. Diabetes, 51, 3391-3399.

78.Bastard, ]. P., Maachi, M., Lagathu, C., Kim, M. ],, Caron, M., Vidal, H., Capeau, J., & Feve, B.
(2006). Recent advances in the relationship between obesity, inflammation, and insulin
resistance. European Cytokine Network, 17(1), 4-12.

79.Fan, J. G, Zhu, ], Li, X. ], Chen, L., Li, L., Dai, F., Li, F., & Chen, S. Y. (2005). Prevalence of and
risk factors for fatty liver in a general population of Shanghai, China. Journal of
Hepatology, 43,508-514.

80. Tarantino, G., Conca, P., Riccio, A., Tarantino, M., Di-Minno, M. N., Chianese, D., & et al.
(2008). Enhanced serum concentrations of transforming growth factor-betal in simple
fatty liver: is it really benign?. Journal of Translational Medicine, 6, 72.

81



Samarra J. Pure Appl. Sci., 2023; 5 (2): 71-82

Khalid S. et al.

IRRGI Samarra Journal of Pure and Applied Science SJPAS

Academic Scientific Journals

www.sjpas.com

p ISSN: 2663-7405
e ISSN: 2789-6838

Al gall Luiaall Ayl cliSgiboy i Jsadll p Al A<l (e ki s gdd

(dr o Al gl

Al ¢ s Aadla ca shall S o liasSl) auid

FISEY]

suanl) Cila glaa

oalaiY) 4d Sl ol hual s (NAFLD) (JsaSl e aall 2l (g
o 2]l NAFLD by 2aSW a0 (8 83 e JnSl g pda ¥ 0l
e g5 A (lesm 2l n) allihy o)) Sy dallae (550 e 5 135 i)
B b lege |0 ali S sl (NASH) (oSl e ) 2l gl
) LI 5y sall U o) sy Qg sy AlgilN) (al 5aY g ) 53l
LAY @lld Ly oo AY) LA g1 (e aaadl s e liall Sleadl LA Lgallas
ssall S il (Al il Ll s pell AEd) oda 8 Al
NAFLD (2,4l (BMI) pueall A1 5l g NAFLD sy <llgild
saill Jale 5 ¢(TNF-o) Wl s 535 dale U™ gall il siadl o i
a0 8 a3 (IL -1and -6) 6-5 1-S o 55Y) 5 (TGF-1) 1- Jsaal)
S gilall odgd il giwall <S5 NAFLD (JoaSl e Jaall a8l i e

slana¥l (alasYU A lie L el NAFLD (oo e o

2023/03/15 :pdau) g8
2023/04/25 :Js—al &

;R,n&id\ Clalsl)

o o Dbilg iU 53y pal) LS sl
ERI P PEX T K1 R
Luiaf w}// ¢ Ll ¢ UJ}j/

Al gall il glra

Ch-meam@yahoo.com :d=Y!

82


mailto:Ch-meam@yahoo.com

