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ABSTRACT 

ASSOCIATION OF SERUM CYTOKINES WITH LIVER FIBROSIS AS MEASURED 
BY COMPUTERIZED MORPHOMETRY ACROSS DISEASES OF NAFLD 
SPECTRUM 

Sasha Stoddard, M.S. 

George Mason University, 2017 

Thesis Director: Dr. Ancha Baranova 

 

Global prevalence of nonalcoholic fatty liver disease (NAFLD) is currently at 25%, 

and is expected to increase as a major public health concern due to the current worldwide 

obesity epidemic. The spectrum of NAFLD includes nonalcoholic steatohepatitis (NASH) 

and steatohepatitis-related hepatocellular carcinoma (SH-HCC). Not all patients with 

NAFLD progress to NASH. Molecular mechanisms behind the development and 

progression of this disease are poorly understood. The diagnosis and grading of 

NAFLD/NASH is dependent on the “gold standard” of invasive liver biopsy. This study 

attempts to correlate levels of serum biomarkers with quantified fibrotic changes in liver 

tissue biopsies of NAFLD patients. Liver biopsies from obese non-NAFLD, NAFLD, and 

NASH patients were analyzed via computerized morphometry to quantify the extent of 

steatosis and fibrosis. Results of immunoassaying of serum samples collected from 

histologically assessed patients indicate a negative correlation of the levels of IL-7 
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(p<0.05), IL-10 (p<0.01), G-CSF (p<0.05), and GM-CSF (p<0.05) with the extent of 

collagen deposits in liver biopsies. Nevertheless, when the levels of these cytokines were 

compared across the diseases of NAFLD spectrum, no significant differences in these 

levels were detected. We conclude that the levels of serum cytokines reflect amounts of the 

fibrosis in liver parenchyma assessed by computerized morphometry with better precision 

that standard histology-based categorization of NAFLD patients into diagnostic subgroups. 

Serum cytokine levels have a potential to be developed into sensitive diagnostic and/or 

prognostic biomarkers for non-invasive assessment and long-term monitoring of NAFLD. 
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INTRODUCTION 

NAFLD 
Rising obesity rates and an increase in the incidence of metabolic syndrome (MS) 

are strongly associated with an increase in non-alcoholic fatty liver disease (NAFLD). Non-

Alcoholic Steatohepatitis (NASH) is on the spectrum of NAFLD, where NAFLD is 

characterized by changes in the liver due to increase in volume of visceral adipose tissue 

compartment and the development of insulin resistance, leading to fat accumulation in 

hepatocytes. This steatosis, along with further inflammatory reactions lead to NASH, 

including the diagnostically characteristic ballooning of hepatocytes histologically, also 

associated with MS (Brunt & Tiniakos, 2010). Fibrosis may or may not be associated with 

NASH, and of the 5-10% of NAFLD patients who develop NASH, up to 27% may progress 

to hepatocellular carcinoma (HCC) after cirrhosis occurs (Rosmorduc & Fartoux, 2012).  

NAFLD currently affects 30% of adults (Takahashi & Fukusato, 2014) and up to 

10% of the pediatric population, with an estimated prevalence of 24-77% of overweight or 

obese children and adolescents (Takahashi & Fukusato, 2014). While NAFLD has a high 

prevalence, many patients who do not progress to NASH may remain asymptomatic and 

have a life expectancy similar to those without NAFLD. Overall mortality in 

NAFLD/NASH has been linked to advancing of the fibrosis and not necessarily the 

diagnosis of NASH (Angulo, et al., 2015). 
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Complications of disease across the NAFLD spectrum may be compounded by 

comorbidities such as cardiovascular disease and/or type 2 diabetes, while the patients with 

simple steatosis of NAFLD spectrum often remains stable and asymptomatic.  

Hepatocellular Carcinoma (HCC) comprises 90% of liver cancers (Liver, Research, 

& Cancer, 2012). The growing rate of HCC presents a significant public health concern, 

with the incidence and mortality in the US forecast to increase from 21,000 and 18,400 

cases, respectively, as of 2008, to 78,000 and 27,000 cases, respectively, by 2020. (Liver, 

Research, & Cancer, 2012). Etiology of the development of HCC stems from various 

chronic conditions resulting in cirrhosis of the liver. Major risk factors include hepatitis B 

virus (HBV), hepatitis C virus (HCV), and alcohol abuse. A significant non-viral and non-

alcohol related risk factor in North America, comprising approximately 10% of HCC cases, 

is non-alcoholic steatohepatitis (NASH) (Sanyal, Yoon, & Lencioni, 2010). Some cases 

(<1%) of non-cirrhotic HCC may also occur in NAFLD patients who have not been 

diagnosed with NASH (Buzzetti, Pinzani, & Tsochatzis, 2016) 

Etiology of NAFLD 
Theories on pathogenesis of NAFLD are still evolving as more research on this 

disease comes to light, but a current multiple-hit theory explaining NAFLD disease onset 

and progression prevails. A previous two-hit model supported by animal models, proposed 

a first hit of diet, obesity, and insulin resistance which sensitizes the liver o further changes 

in is architecture with lipid accumulation, followed by a second hit which activates 

inflammatory and pro-fibrotic changes. This two-hit model was regarded as overly 

simplistic to accurately depict the driving forces behind NAFLD (Peverill, Powell, & 
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Skoien, 2014). The interaction of adipocytokine signaling, insulin resistance, lipotoxicity, 

and oxidative stress with a number cell populations residing within the liver lead to setting 

a stage for inflammatory cascades, collagen deposition, and hepatocyte death are still in 

the process of being disentangled in order to elucidate NAFLD and its advancement to 

NASH, fibrosis and cirrhosis. 

 A contemporary multiple-hit theory of NAFLD begins with signaling from visceral 

adipose tissue (VAT). Hypoxic stress and the changes in local immune cell population due 

to obesity influence the expression of adipocytokines within Visceral Adipose Tissue 

(VAT). In turn, alteration of adipokine, cytokine, and chemokine expression target the liver 

by increasing hepatic insulin resistance along with free fatty acid accumulation which leads 

to depositing lipids in the liver. Further inflammatory insults contribute to the 

mitochondrial dysfunction and the oxidative stress and result in gradual increase in 

activation of hepatic stellate cells (HSCs), fibrosis, and, eventually, in death of hepatocytes 

(Buzzetti, Pinzani, & Tsochatzis, 2016). Adipokine signaling plays a role not only in the 

initial stage of increasing liver insulin resistance, but also during NASH by activating 

Kupffer cells and stellate cell differentiation to myofibroblasts (Giby & Ajith, 2014) 

Among proposed mechanisms of NAFLD escalation are oxidative stress and 

impaired lipid metabolism. The association between reactive oxygen species (ROS) and 

fibrosis is, in short, an increase in type I collagen mRNA expression due to the production 

of ROS by hypoxic steatotic hepatocytes. Importantly, this pathophysiological sequence 

could be blocked by antioxidants (Okazaki, et al., 2014). A large role in the proliferation 

of cells to transition to HCC, especially in a state of systemic insulin resistance, is played 
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by inflammatory cytokines and mitogens, such as transforming growth factor β (TGF-β) 

(Okazaki, et al., 2014). Hepatic stellate cells (HSC) have been implicated in the formation 

of extracellular matrix (ECM) and fibrosis when activated after liver insult. Recent research 

has demonstrated that HSCS are affected by angiotensin II (AngII), which also induces 

increase in production of TGF-β. ACE inhibitors block AngII, along with vitamin K2, were 

reduce the rate of TGF-β production and HCC in mouse models (Santhekadur, et al., 2014) 

Epigenetic factors also come into play with NAFLD/NASH, and may be of 

particular importance. Increased maternal obesity, certain types of nutritional intake and 

lack of physical activity are known to contribute to NAFLD. Accordingly, the changes in 

DNA methylation, histone modification, and microRNA patterns have been found to affect 

the degree of insulin sensitivity and lipid/glucose metabolism. In particular, nutritionally 

induced epigenetic modifications have led to proposing one-carbon metabolism as a 

therapeutic target to delay progression of NASH (Lee, Friso, & Choi, 2014). Profiling the 

methylation in mitochondrial DNA showed some promise as a diagnostic biomarker for 

liver diseases (Thomas, et al., 2013) (Iacobazzi, Castegna, Infantino, & Andria, 2013). 

Clinical Screening, Diagnosis, and Treatment of NAFLD 
The progression of NAFLD is currently poorly understood. Not all patients with 

NAFLD progress to NASH, and non-invasive screening methods or assessment of 

advanced stages are lacking in sensitivity and specificity.  Several methods of clinical 

screening have been utilized for at-risk patients who have metabolic disease, obesity, type 

2 diabetes, or dyslipidemia such as ultrasonic abdominal imaging or liver function 

chemistries. Importantly, widely used measurements of activities of aminotransferase 
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enzymes AST and ALT are known for their low sensitivity (Chalasani, et al., 2012). While 

AST and AST:ALT ratio have been associated with the presence of NAFLD in some 

studies of type 2 diabetic patients (Sanyal, et al., 2015), these levels may still fall within 

normal range in many NAFLD and NASH patients (Chalasani, et al., 2012). Therefore, 

both the definitive diagnosis and the grading of NAFLD/NASH are still dependent on the 

“gold standard” of liver biopsy, a costly invasive procedure not suitable for screening of 

large populations (Brunt & Tiniakos, 2010). Biopsy poses a morbidity and mortality risk 

during the procedure, especially in patients with comorbidities that increase anesthetic and 

recovery risks. On a biopsy, histological hallmarks of NASH include ballooned 

hepatocytes with Mallory-Denk bodies (MBDs), inflammation, steatosis with large lipid 

droplets, with or without fibrosis (Takahashi & Fukusato, 2014) (Chalasani, et al., 2012).  

Routine ultrasound is not specific enough to distinguish NASH from NAFLD. 

Much promoted use of FibroScan (transient elastography) reliably measures liver fibrosis, 

but is less effective in patients with higher BMIs commonly associated with NAFLD and 

NASH (Musso, Gambino, Cassader, & Pagano, 2011). Several other non-invasive methods 

have been developed to determine the presence of advanced fibrosis. For example, the 

NAFLD Fibrosis Score is calculated based on BMI, age, hyperglycemia, platelet count, 

albumin levels, and AST/ALT ratio (Angulo, et al., 2007). Recent meta-analysis showed 

that Fibrosis Score predicts the presence of advanced fibrosis with an Area Under the 

Receiving Operator Curve (AUROC) score of 0.85 (Musso, Gambino, Cassader, & 

Pagano, 2011). Another example is Enhanced Liver Fibrosis (ILF) panel which includes 

circulating levels of hyaluronic acid, TIMP-1, and PIIINP. ILF predicts the presence of 
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advanced fibrosis with an AUROC of 0.9 (Rosenberg, et al., 2004), although in this 

particular study sample size was relatively small, as only 61 NAFLD patients were 

included. While these non-invasive tests showed a promise in several studies, their cut-off 

values have not been standardized to determine NASH. Therefore, these tests have little 

prognostic value (Chalasani, et al., 2012). 

A few drug therapies have been found efficient in certain NAFLD patients with 

comorbidities, such as insulin sensitizers for those with type 2 diabetes. Empirical use of 

nutraceuticals such as vitamin E or S-adenosyl methionine (SAMe) have also been used, 

but studies have not seen notable improvements in patients with NAFLD/NASH (Dajani 

& AbuHammour, 2016). Currently, no drug interventions are considered as standard 

treatment for NAFLD. The most consistent improvement in disease severity has been 

established in groups achieving weight loss and increasing their physical activity through 

lifestyle changes. Importantly, less than 50% of patients are successful on this route 

(Musso, Gambino, Cassader, & Pagano, 2011). Weight loss of at least 7% has been shown 

to be effective in improving steatosis, inflammation, and NAFLD Activity Score (NAS). 

Weight loss of at least 10% is necessary to improve necro-inflammation. Importantly, 

fibrotic damage to the liver is permanent, and is not improving despite the weight loss 

(Promrat, et al., 2010). 

Several mouse models have been used to investigate the progression of 

NAFLD/NASH to HCC, such as one recently developed specifically for NASH associated 

HCC and closely matching the staging of this disease in humans (Takakura, et al., 2014). 

However, due to the complicated regulatory interactions between inflammatory mediators 
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and various cell populations which contribute to NASH-associated liver fibrosis, 

assumptions made while studying mouse models may not apply to the natural disease 

course in humans. 

As the prevalence of NASH is expected to increase along with the rate of obesity 

in both adults and children (Takahashi & Fukusato, 2014), understanding of this process at 

the molecular level is critical. The current histological “gold standard” of a liver biopsy for 

this increasingly common disease needs to be supplemented with an in-depth 

understanding of the molecular triggers that promote fibrosis which is associated with 

severe disease states. Further understanding may also lead to possible eventual therapeutic 

targets. In turn, novel treatments would positively impact the health and productivity of a 

large segment of the population.  

Comparing the results of biochemical assays with quantified tissue descriptions 

made while studying their biopsies lead to a better understanding of the changes occurring 

along the progression of NAFLD. In this disease, soluble biomarkers of the formation of 

fibrotic scars may represent a better target than the molecules produced within liver 

parenchyma, where the percentage of live hepatocytes may be reduced upon inundation if 

the tissue with deposited collagen. 

Computerized Morphometry 
Mophometric analysis of biopsy samples have been demonstrated to provide a more 

accurate and reproducible assessment of both liver steatosis (Rawlins, El-Zammar, 

Zinkievich, Newman, & Levine, 2010) and fibrosis (Hui, 2004). In “traditionally scored” 

liver biopsy, there is poor to moderate agreement between individual assessment of 
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specimen slides (Fukusato, et al., 2005). Both intra- and inter-observer biases as well as 

the systemic bias inherent in visual estimation make assessment of fine changes of disease 

state across NAFLD and NASH difficult. The use of morphometry avoids the bias of visual 

observation, while allowing precise quantifying of the key histological markers associated 

with NAFLD, including steatosis and fibrosis, thus permitting efficient evaluation of the 

effects of anti-fibrotic therapy, and for the discovery of soluble biomarkers. 

Computer assisted morphometric analysis provides a significantly more accurate 

representation of steatosis using a small sample than classical visual observation. In 

traditionally scored biopsies, microvescular steatosis, an important pathological hallmark 

assessed in liver biopsies of NAFLD patients, has been shown to be overestimated and 

overdiagnosed almost 4-fold over biochemical analysis of fat content, especially in cases 

with relatively low amounts of deposited fat (Li, et al., 2011). In fact, when the results 

morphometric analysis of 26 liver samples with steatosis were compared to biochemical 

assessments and to the results of traditionally scored biopsies, biochemical assays gave 

values between 2.2-15%, visual evaluations varied widely within a range of 0.8-82.5%, 

while morphometry was in better accordance with biochemistry in a range of 0.3-19.6% 

(Li, et al., 2011). 

Detecting a specific percentage of steatosis affects patient care. When the results of 

the scoring of H&E stained slides visually evaluated for steatosis were compared to 

morphometric analysis, inaccuracy of manually scored slides was notable in 40% of 

samples analyzed, with at least a 5% margin (several were inaccurate by >20%) (Fiorini, 

et al., 2004). The study described above was performed on donor livers ready for being 
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transplanted. Adoption of morphometric analysis could lower the amount of potential 

healthy livers discarded or avoiding the transplant of livers at a higher risk of developing 

primary nonfunction. 

The use of morphometry to quantify fibrosis by collagen staining using Picrosirius 

Red is an accurate tool to discriminate between the stages highlighted by Ishak modified 

staging, a semi-quantitative method of liver fibrosis visualization (Hui, et al., 2004). 

However, morphometry has extra advantage of detecting small mid-range changes across 

several Ishak stages (Standish, Cholongitas, Dhillon, Burroughs, & Dhillon, 2006). The 

fully-quantitative nature of morphometry has been employed in several biomarker 

discovery studies to explore an extent of liver disease in HCV patients based on the degree 

of fibrosis and steatosis (Sturm, Marlu, Arvers, Zarski, & Leroy, 2013) (Boursier, et al., 

2014). The ability to correlate biomarkers with fine rather than crude changes in degree of 

steatosis and fibrosis in NAFLD prove a hope for the development of non-invasive tools 

for diagnosing and studying this little-understood but growing disease.  
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METHODS 

This study was conducted in collaboration with the Inova Translational Medicine 

Institute (Falls Church, VA). Samples were selected under an institutional review board 

(IRB) based on a search of the tissue availability in the tissue bank with available paired 

serum samples, and all samples were held in compliance with the Heath Insurance 

Portability and Accountability Act of 1996 (HIPAA) regulations. Samples were reviewed 

per the established histological grading system by a single hepatopathologist and were 

stratified according to severity. 

Liver biopsies and serum samples were obtained from obese patients who 

underwent bariatric surgery. Three cohorts based on histopathologic diagnosis of liver 

biopsies were developed, matched by BMI, age, and sex, as seen in Table 1. The three 

cohorts were non-NAFLD (n=23) with patients with mild abnormal changes in liver 

parenchyma or minimal-to-milk steatosis, NAFLD (n=28) with steatosis and inflammation, 

and NASH (n=20) with severe steatosis including fibrosis and/or cirrhosis.  
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Table 1 Cohort composition and matching of BMI, age, and sex. *BMI data not available for one NASH subject. 

  

A: Non-
NALFD 
(n=23) 

B: NAFLD 
(n=28) 

C: NASH 
(n=20*) 

BMI        
>30<=40 2 5 5 
41-50 13 15 10 
51-60 6 6 3 
>60 2 2 1 
Average 
BMI 49 45 46 
SD BMI 7.7 4.8 7.1 

Age       
21-30 8 6 2 
31-40 5 6 3 
41-50 5 9 9 
51-60 3 5 6 
61+ 2 2 0 
Average 
Age 38 39 45 
SD Age 12.5 9.8 10.2 

Sex       
Male 5 6 4 
Female 18 22 16 
Ratio M:F 0.28 0.27 0.25 

 

Several serum chemistry values were available, listed on Table 2. Profiles for liver 

function and lipids as well as glucose values were provided on subjects. 
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Table 2 Reported clinical values. 

Liver function Lipid profile Metabolism 

Aspartate 
aminotransferase (AST) Total Cholesterol Glucose 

Alanine aminotransferase 
(ALT) 

Low-density 
lipoprotein (LDL)   

Total Bilirubin 
High-density 
lipoprotein (HDL)   

Albumin Triglycerides   
Platelets     

 

Computerized Morphometry 
Stored formalin fixed paraffin embedded (FFPE) tissue blocks which were the 

source of slides for original histopathological diagnosis were again cut then subsequently 

stained with Sirius Red. The stained slides were digitized, then artifacts manually excluded. 

Computer analysis of the slides calculated total percent of the liver tissue stained for 

collagen as a proxy for fibrosis as well as percent fat. 

Collagen was quantified by staining sections immunohistochemically using 

picroSirius red. The entire stained sections were digitized using the Aperio Scanscope XT 

scanner at 20X magnification. The image analysis process included a manual editing step 

to determine the total stained area of the section, and also to eliminate image artifacts. 

A positive pixel count algorithm was used to quantify the levels of deposition of 

collagen fibers in these annotated regions. Accuracy of classification was confirmed by 

visual inspection, and results are expressed as a fraction of the pixels positive for 

PicroSirius Red. 

Quantification of steatosis was also accomplished with image analysis of optically 

clear fat globules on the scanned slides. Manual annotation was performed to remove 
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artifacts such as areas devoid of tissue or sinusoids. Total percent fat was determined, with 

<5% as the lowest possible value. 

Immunoassays 
Immunoassays on cytokine targets of serum samples stored at -80 C were 

performed using a 17-plex magnetic bead immunoassay (Bio-Rad) and ELISA. 

ELISA 
Serum samples were analyzed with FABP4/A-FABP Quantikine ELISA kits, 

according to manufacturer’s instructions (R & D Systems, Minneapolis, MN). A 

concentration curve was initially run to ensure that the majority of samples fell well within 

the standard curve calculated with a 4-parameter logistic curve, with an assay range from 

62.5 – 4000 pg/ml. Subsequent samples were diluted 50-fold in triplicate, with interplate 

controls used between plates. Plates were read at 450 nm with a 540 nm subtraction. 

Human Chemerin/RARRES2 ELISA kits (RayBiotech, Norcross, GA) was also 

used to measure the concentration of Chemerin in serum samples, with an assay range from 

0.5 – 50 ng/ml. A concentration curve with a subset of samples was run on half a plate, 

with a 40-fold dilution determined to be the optimal dilution for subsequent plates. Samples 

were run in triplicate according to manufacturer’s instructions and read at 450 nm. 

Multiplexed assaying of serum cytokines  
A Bio-Plex Pro human cytokine 17-plex assay (Bio-Rad Laboratories, Inc., 

Hercules, CA) for the analytes of IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8 IL-10, IL-12, 

IL-13, IL-17, G-CSF, GM-CSF, IFN-γ, MCP-1, MIP-1β, and TNF-α was performed on 

serum samples at a 4-fold dilution. 



14 
 

After machine calibration and validation, serum was run on a Bio-Plex 200 

magnetic bead-based immunoassay platform (Bio-Rad Laboratories, Inc., Hercules, CA) 

per manufacturer’s instructions. Capture antibodies for specific analytes are covalently 

bound to the beads, which then react with that cytokine of interest. After a series of washes 

to remove unbound protein, a biotinylated antibody is added creating a sandwich complex. 

Streptavidin-phycoerythrin conjugate is added and binds to the biotinylated antibody. The 

Bio-Plex 200 system uses a red laser to illuminate the fluorescent dye in the beads allowing 

for bead classification of a specific analyte. At the same time, a green laser excites the 

phycoerythrin generating a reporter signal which is detected by a photomultiplier tube to 

determine concentration. The software presents the median fluorescence intensity and 

concentration for sample. The machine settings for bead regions, bead map, gate settings, 

and PMT settings for the specific assay used are pre-programmed into the software as were 

verified manually before running the assay.  

Data Analysis 
All statistical analysis was performed using R version 3.3.2. Serum protein levels 

as well as clinical values of liver function tests (AST, ALT, platelets) were correlated with 

degree of fibrosis and steatosis determined by computerized morphometry using a 

Spearman’s procedure. A regression analysis was also carried out to determine the 

relationships between significantly correlated analytes. Regression optimization was 

performed by checking residual plots and Cook’s distance to determine influential outliers. 

Outliers outside of the Cook’s distance cutoff were removed and regression recalculated. 
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Non-parametric Wilcoxon rank sum tests were also carried out to determine 

significance of morphometry, analytes, and clinical values between histopathological 

categories of mild abnormal, NAFLD, and NASH. 
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RESULTS 

Computerized Morphometry Analysis of Liver Biopsies 
 

Digital scans of liver biopsy slides after annotation for artifacts were analyzed for 

percent of the tissue occupied by collagen deposits. Examples of slide sections from each 

NAFLD cohort can be seen in Figure 1. 

 
Figure 1. Slide sections of liver biopsies collected from patients with various forms of NAFLD. A: Mild abnormal, 
less than 5% steatosis, minimal fibrosis, normal hepatocytes predominate. B: NAFLD, moderate steatosis and 
fibrosis, reduced amount of hepatocytes. C: NASH, severe steatosis and fibrosis, few functional hepatocytes 
remain. Open arrow = excluded areas such as sinusoids. Double arrow = collagen stained with Sirius Red 
indicating degree of fibrosis. Closed arrow = lipid droplets. 

 

Using Wilcoxon rank sum testing, significant differences in collagen deposition were detected when NAFLD and 
NASH cohorts (p=0.00559) were compared. Similarly, when patients with mild abnormal changes in liver 
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parenchyma were compared to patients with NASH, the extents of collagen deposits were different (p=0.00824) (

 
 

Figure 2). 
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Figure 2. The differences in extent of collagen depots seen in patients with non-NASH NAFLD, with NASH and 
with mild abnormal changes in liver parenchyma (p<0.01). 

 

Analysis of Clinical Data 
Correlation of AST levels and percent of the liver tissue stained for collagen was positive and significant 
(p=0.0025). This relationship was confirmed in regression analysis (Figure 3). AST values reached borderline 
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significance in differentiating cohorts of patients with mild abnormal changes in liver parenchyma and with 
NASH (p=0.053) ( 

 
 

Figure 4).  
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Figure 3. Regression analysis of AST and percent of the liver tissue stained for collagen (p=0.002, R2=0.1441). 
 

 
 
Figure 4. Borderline differences in AST levels seen in patients with NASH and with mild abnormal changes in 
liver parenchyma (p<0.051) 
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When comparing cohorts, no other clinical parameters with significant 

differentiating power were noted. When clinical parameters were compared to each other, 

there was significant positive correlation between percent of the liver tissue stained for 

collagen and ALT (p=0.04082) as well as negative correlation between percent of the liver 

tissue stained for collagen and count for platelets (p=0.02149). 

Serum Cytokines 
Significant correlation between percent of the liver tissue stained for collagen and 

the protein levels in serum were noted with G-CSF, GM-CSF, IL-7, and IL-10 (Table 3). 

 

Table 3 A list of profiled serum cytokines. * = p<0.05, ** = p<0.01 denotes significance 
in group comparisons. 

G-CSF* IL-2 IL-7* IL-13 TNF-α 
GM-CSF* IL-4 IL-8 IL-17 FABP4 

INF-γ IL-5 IL-10** MCP-1 Chemerin/ 
IL-1β IL-6 IL-12 MIP-1β RARRES2 

 

Serum levels of G-CSF were significantly negatively correlated with percent of the liver tissue stained for collagen. 
Optimized regression analysis confirmed this correlation with p<0.011, R2=0.09391 (Figure 5). When serum G-
CSF levels were compared in histopathologically defined cohorts of NAFLD patients, no significant findings were 
seen ( 

Figure 6). 
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Figure 5. Regression analysis of G-CSF levels and percent of the liver tissue stained for collagen. p=0.011, 
R2=0.09391. 

 
 
Figure 6. No significant differences in G-CSF levels were seen in patients with non-NASH NAFLD, NASH and 
with mild abnormal changes in liver parenchyma. 
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Negative correlation was found between serum levels of GM-CSF and percent of 

the liver tissue stained for collagen. Optimized regression analysis confirmed this 

correlation with p=0.0.956, R2=0.06357 (Figure 7). When serum GM-CSF levels were 

compared in histopathologically defined cohorts of NAFLD patients, no significant 

findings were seen (Figure 8).  

 

 
Figure 7. Regression analysis of GM-CSF levels and percent of the liver tissue stained for collagen. p=0.0.956, 
R2=0.06357. 
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Figure 8. No significant differences in GM-CSF levels were seen in patients with non-NASH NAFLD, NASH and 
with mild abnormal changes in liver parenchyma. 

 

Serum levels of IL7 were significantly and negatively correlated with percent of 

the liver tissue stained for collagen. Optimized regression analysis confirmed this 

correlation with p=0.01238, R2=0.09242 (Figure 9). When serum IL7 levels were 

compared in histopathologically defined cohorts of NAFLD patients, no significant 

findings were seen (Figure 10). 
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Figure 9. Regression analysis of IL7 levels and percent of the liver tissue stained for collagen. p=0.01238 , 
R2=0.09242. 

 

Figure 10. No significant differences in IL-7 levels were seen in patients with non-NASH NAFLD, NASH and 
with mild abnormal changes in liver parenchyma. 
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Serum levels of IL-10 were significantly and negatively correlated with percent of 

the liver tissue stained for collagen. Optimized regression analysis confirmed this 

correlation with p=0.009066, R2=0.1064 (Figure 11). When serum IL10 levels were 

compared in histopathologically defined cohorts of NAFLD patients, no significant 

findings were seen (Figure 12). 

 
 
Figure 11. Regression analysis of IL10 levels and percent of the liver tissue stained for collagen. p=0.009,  
R2=0.1064. 
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Figure 12. No significant differences in IL-10 levels were seen in patients with non-NASH NAFLD, NASH and 
with mild abnormal changes in liver parenchyma. 
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DISCUSSION 

Analysis of the Fibrosis and Steatosis in Liver Biopsies by Computerized 
Morphometry 

 

Traditionally scored liver biopsy remains the gold standard for staging hepatic 

fibrosis. This technique has been riddled with the sampling error and is known for inter-

observer variation. Moreover, the semiquantitative nature of manual assessment of the 

fibrosis limits the ability of pathologist to detect relatively small but potentially meaningful 

changes in liver histology in response to the therapy. Therefore, computerized image 

morphometry has been introduced recently as a technique of choice. 

In this study, percent of the liver tissue stained for collagen, which was detected by 

accounting for colored pixels on Sirius Red stained slides by computer, was reported 

continuously in a range from 0.15% to 11.78% of outlined tissue on the biopsies. In 

addition, low amounts of percent fat under 5% were reported as <5%, with a range from 

<5% to 42.9% of outline tissue on all biopsies. While this lack of continuous data below 

5% may introduce some error to the analysis, its impacts are likely minimal as non-obese 

healthy individuals may also have a small percentage of fat in the liver. In particular, one 

study used MR imaging to show that hepatic fat content in healthy individuals is at 3.91% 

in women and 4.69% in men (Ulbrich, et al., 2015). In absence of fibrosis, steatosis of the 

liver typically remains asymptomatic and non-progressive. Therefore, percent of the 

hepatic tissue occupied by fat is not expected to have a strong correlation with 
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inflammatory or fibrotic serum markers. Accordingly, no correlation was found between 

percent of the hepatic tissue occupied by fat and serum analytes profiled in this study. 

Serum Analytes and their Correlations with Morphometric Assessments  
 

Neither the levels of several anti-inflammatory cytokines nor enzymatic activity- 

based liver function tests are capable of differentiating patient cohorts characterized by 

particular pathological diagnosis established by liver biopsy. On the other hand, same 

parameters were shown to correlate with percent of the liver tissue stained for collagen 

determined by computerized morphometry. While percent fat does not show a significant 

correlation with cytokines or clinical values, percent of the liver tissue stained for collagen 

is a reliable proxy for fibrosis. This morphometric measure opens a promising avenue into 

assessment of the fine changes in disease state in patients with NAFLD of varying severity. 

The list of the cytokines identified as significantly negatively correlated with 

percent of the liver tissue stained for collagen in patients with the disease of the NAFLD 

spectrum can be found in Table 4. All four of these cytokines are known to be expressed 

in many tissues, including visceral adipose, and were previously linked to NAFLD in either 

animal or human studies. 
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Table 4 The cytokines significantly associated with percent of the liver tissue stained for collagen in patients with 
the disease of the NAFLD spectrum and their functions 

 
Cytokine Function Reference 
G-CSF Modulates monocytes in anti-inflammatory 

manner – attenuates TNF-α, IL-1b, IL-12, IL-18. 
Also serves as a myokine and upregulates UCP-1. 

(Lee, et al., 2014) 
(Nam, et al., 2017) 
(Ordelheide, et al., 

2016) 
GM-CSF Locally associated with 

inflammation/autoimmune disease. Has been 
found to have anti-flammatory/regulatory 
function. 

Bhattacharya, 2015 
(Kim, et al., 2008) 

IL-7 Modulates adipose mass and function, also 
hypothalamic regulation. Pro- or anti-
inflammatory. 

(Makki, Froguel, & 
Wolowczuk, 2013) 

IL-10 Decrease inflammation and activation of HSCs. (Esposito, et al., 2003) 
(Braunersreuther, 
Viviani, Mach, & 

Montecucco, 2012) 
 

G-CSF has been linked to inflammatory processes in adipose tissue, as it blocks 

proinflammatory cytokines such as TNF-α and increase anti-inflammatory cytokine levels 

in rats (Knapp, et al., 2004) (Lee, et al., 2014). This cytokine also plays a role in insulin 

sensitivity. It is linked to JAK/STAT and MAPK pathways associated with appetite 

(Knapp, et al., 2004). G-CSF has been shown to increase UCP-1 expression in brown 

adipose tissue of rats (Lee, et al., 2014). Another animal model study of NAFLD found 

that the treatment with G-CSF reduces both steatosis and liver inflammation, and also 

increased AKT expression in hepatocytes (Nam, et al., 2017). In addition to its adipokine 

function, G-CSF has also been identified as a myokine (Ordelheide, et al., 2016). These 

suggest possible molecular links between physical activity levels and the progress of the 

diseases of NAFLD spectrum. 
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GM-CSF has been seen to have both pro-inflammatory effects as well as regulatory 

functions. It is known for its association with autoimmune diseases. However, study on 

adipose tissue inflammation in mice with knockout of GM-CSF encoding gene highlighted 

possible dual role of GM-CSF through CNS activation of STAT5 and attenuation of 

proinflammatory adipokine expression in animals on a high fat diet (Kim, et al., 2008). 

GM-CSF tends to be expressed locally, with little peripheral release (Bhattacharya, et al., 

2015). Therefore, it is possible that negative correlation of GM-CSF levels with percent of 

the liver tissue stained for collagen may be due to local release of GM-CSF from 

hepatocytes, and its subsequent dilution in serum. However, the secretion from local tissue 

depots is rarely detectable outside the source, the change in GM-CSF levels in this study 

are significant, and warrant future investigation. 

Like GM-CSF, IL-7 demonstrates a dual role in inflammation, as it possesses both 

pro- and anti-inflammatory activities. In a mice study with induced obesity, IL-7 

overexpression had less of adipose mass and adipose-induced inflammation, yet also 

exhibited greater degree of glucose intolerance and insulin resistance (Makki, Froguel, & 

Wolowczuk, 2013). Further investigations into the links between patient glucose and IL-7 

levels may lead to better understanding of the relationship between IL-7 and the diseases 

of NAFLD spectrum uncovered in this study. 

IL-10 is an anti-inflammatory Th2 cytokine which regulates inflammation in 

several tissues. Few studies have been done to investigate the role of IL-10 in NAFLD 

progression. However, this cytokine has been implicated in activation of stellate cells 

(Braunersreuther, Viviani, Mach, & Montecucco, 2012), which can promote collagen 



32 
 

deposition and subsequent fibrosis. The relationship between the obesity and the IL-10 

levels were studied in two previously completed investigations. In particular, (Esposito, et 

al., 2003) found a negative correlation between IL-10 levels and symptoms of metabolic 

syndrome in obese women. A more recent study also demonstrated an inverse relationship 

between IL-10 and hepatic steatosis/NAFLD severity as evaluated by ultrasound in an 

obese Hispanic population (Paredes-Turrubiarte, et al., 2016). 

Limitations of Present Study  
This study has been performed using serum samples stored in -80C freezers for a 

time period between 2 to 15 years. Importantly, freeze-thaw cycles were not recorded, 

therefore, the selective degradation of at least some analytes remains a possibility. In 

particular, of the 17 analytes presented in the multiplex bead-based assay, IL1-b, IL-2, and 

IL-5 cytokines were characterized by a large amount of out of range values. 

Storage history of the samples may explain lack of the findings in the chemerin 

assay. When several repeats of the same serum samples were run on the same plate, some 

coefficients of variation were above the manufacturer’s allowed specifications for the 

analyte. Because of that, several data points had to be discarded before analysis. Chemerin 

is a newly identified adipokine influencing the progression of NAFLD. In several studies 

the levels of this adipokine were associated with the degree of fibrosis and overall 

progression of NASH. Three of four studies reported elevation of chemerin serum levels 

when NAFLD patients were compared with healthy controls, however the fourth study 

failed to show significance of the findings after adjusting for confounding factors (Bekaert, 

Verhelst, Geerts, Lapauw, & Calders, 2016). In our study, we were not able to arrive at 
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statistically significant conclusions regarding chemerin levels in patients with the diseases 

of NAFLD spectrum. In case of current study, lack of significance may be due to small 

sample size available for analysis after the assay quality control. 

Notes on Data Analysis 
A Pearson’s correlation analysis was performed for serum analytes, a number of 

clinical variables and both percent of the liver tissue stained for collagen and percent fat in 

the liver tissue. Levels of AST and counts of platelets were significantly correlated with 

percent of the liver tissue stained for collagen. No cytokine levels were found significantly 

correlated with any of two parameters scored by morphometry. As Spearman’s correlation 

analysis is more robust for small sample sizes, analysis was repeated. Using Spearman’s 

procedure, significant findings were noted; in particular, percent of the liver tissue stained 

for collagen was correlated with levels of ALT, IL-7, IL-10, G-CSF, and GM-CSF in the 

serum. 

Initial regressions tended to show clusters of data points with one or two outliers, 

resulting in skewing of regression lines. After plotting residuals and calculating Cook’s 

distance, data points that fell outside of main distribution were identified as ones affecting 

the outcome of the regressions. When comparing the analytes that had significant 

Spearman’s correlations, most of the outliers were found in the same small group of 

patients. These samples had a 10-18-fold increase in readout for particular analyte over the 

highest value otherwise observed, and were discarded as possibly riddled with hidden study 

design errors. Further analysis of why these values were so elevated would be warranted, 

such as looking into medications the patient was on at the time or co-morbidities. After 
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removal of the outliers as determined by Cook’s distance, significant findings were 

detected and reported in this study. 

A multivariate analysis of all of the data may yield further findings, and is 

warranted as well. Additionally, although samples were matched across age, BMI, and sex, 

an assessment of race and ethnicity for many samples was not complete. In case of NAFLD, 

ethnic distribution of patients may affect outcomes of the study. For example, biochemical 

and imaging studies found a higher incidence of NAFLD with Hispanics (odds ratio 1.72) 

and lower association with African-Americans (odds ratio 0.52) (Pan & Fallon, 2014) 

Further study needs to be done to determine to what degree this is due to genetic variants, 

environment, or lifestyle among ethnic populations.  

On the other hand, the prevalence of NAFLD in males which is roughly twice as 

much than that in females is well-established (Pan & Fallon, 2014). Most likely, gender 

differences of NAFLD are due to hormonal differences, which result in higher prevalence 

of central adiposity in males. In this study, there were about 5 times as many females as 

males in each cohort, which may be an artifact of the type of patient who consented to 

research when undergoing bariatric surgery. Profiling of larger cohorts of patients taking 

race into consideration and with more males may result in better understanding of 

correlations uncovered in this study. 

Conclusion 
A few available non-invasive screening tools available for determining if a NAFLD 

patient already developed advanced fibrosis uniformly suffer from low predictive value 

when it comes to evaluate possibilities of progression or how responsive a patient would 
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be to treatment (Chalasani, et al., 2012). Additionally, traditionally used liver enzyme 

measurements are known to lose confidence once fibrotic scars replace liver parenchyma 

secreting these enzymes. Therefore, it may be more effective to target serum analytes that 

are produced elsewhere, affect liver fibrosis, yet are not affected by hepatocyte death.  

Some adipokines, which are released from adipocytes and the immune cell 

population within adipose tissue, have a strong link to not only the initiation of NAFLD, 

but also the progression of liver fibrosis. Comparing the changes in serum levels of these 

extra-hepatic cytokines with small changes in percent of the liver tissue stained for collagen 

and assessed by computerized morphometry rather than traditional histopathological 

grouping may help to build novel predictive models which will aid in patient stratification. 

In addition, the data generated by this study may potentially identify molecular 

signatures of the “healthy obese”. Determining the difference between individuals who do 

and do not progress to severe disease may lead to identifying novel preventive or 

therapeutic treatments. 
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