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Abstract

Obesity and liver steatosis are usually described as
related diseases. Obesity is regarded as exclusive con-
sequence of an imbalance between food intake and
physical exercise, modulated by endocrine and genetic
factors. Non-alcoholic fatty liver disease (NAFLD), is a
condition whose natural history is related to, but not
completely explained by over-nutrition, obesity and in-
sulin resistance. There is evidence that environmental
infections, and notably adipogenic adenoviruses (ADV)
infections in humans, are associated not only with obe-
sity, which is sufficiently established, but also with al-
lied conditions, such as fatty liver. In order to elucidate
the role, if any, of previous ADV36 infection in humans,
we investigated association of ADV36-ADV37 seroposi-
tivity with obesity and fatty liver in humans. Moreover,
the possibility that lifestyle-nutritional intervention in
patients with NAFLD and different ADV36 seroposi-
tive status, achieves different clinical outcomes on
ultrasound bright liver imaging, insulin resistance and
obesity was challenged. ADV36 seropositive patients
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have a more consistent decrease in insulin resistance,
fatty liver severity and body weight in comparison with
ADV36 seronegative patients, indicating a greater re-
sponsiveness to nutritional intervention. These effects
were not dependent on a greater pre-interventional
body weight and older age. These results imply that
no obvious disadvantage - and, seemingly, that some
benefit - is linked to ADV36 seropositivity, at least in
NAFLD. ADV36 previous infection can boost weight loss
and recovery of insulin sensitivity under interventional
treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There is evidence that environmental infec-
tions, and notably adipogenic adenoviruses ADV36
/ADV37 infections in humans, are associated with obe-
sity, being causative contributing factors of obesity in
humans and animals. Lifestyle-nutritional intervention,
in patients with different ADV36 seropositive status,
achieves different clinical outcomes, /.e., a greater ef-
fect, on bright liver, insulin resistance and obesity is
observed in comparison with ADV36 seronegative pa-
tients. These effects are not dependent on a greater
pre-interventional body weight and older age. Adipo-
genic adenovirus infections in humans are associated
with obesity, but also with allied conditions, such as
fatty liver, and can have different effects on the liver in
humans and animals.
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OVERVIEW

Obesity and liver steatosis are generally associated"”.
Nonetheless, some possible limitations of this so very
definite statement have recently been reported and, even
without clear-cut information, it is evident that lean indi-
viduals can actually have non-alcoholic fatty liver disease
(NAFLD) with a different clinical profile in comparison
with overweight-obese individuals with NAFLD". The
basis and background of our approach to obesity and
obesity-related conditions, notably NAFLD, have been
developed over more than 25 years, taking into account
that fatty liver, even in absence of alcohol abuse, is prob-
ably a condition detrimental for the liver, o, at least, as-
sociated with some liver “injury”™®. NAFLD is currently
recognized as subsequent to unhealthy lifestyle, more-
over, adherence to Mediterranean Diet, which is a proxy
of healthy nutritional profiles, is significantly decreasing
even among healthy subjects” and a parallel increase of
NAFLD is conceivably ensuing. Adherence to Mediter-
ranean Diet Score has decreased significantly over the
past 15 recent years, suggesting a rapid loss of adherence
to healthy nutritional habits even in the Mediterranean
area. Several intervention strategies, especially in child-
hood and adolescence, are currently being applied or are
envisaged"”, in an attempt to counteract more robust or
subtle marketing strategies that tend to induce unfavor-
able nutritional habits; these last are sometimes definitely
detrimental for the nutritional health of populations and
increase the risk of cancer and cardiovascular and liver
disease even in childhood. Nonetheless, national and in-
ternational intervention planned and actuated were not
sufficiently effective for the promotion of healthier life-
styles and did not succeed against unhealthy habits and
foods. Genetic-hereditary factors are extensively studied
in obesity”"" but also epigenetic mechanisms could be
operating”'?. Environment can conceivably interfere
in the etiopathogenesis of obesity and related condi-
tions' "' the epidemiologic impact is not univocal, and,
among other factors including climate, food availability
and quality, pollution, urban mobility, physical exercise
facilities, the role of bacterial and viral infections, also as
individual microbiome must be considered. It can favor
or reduce by different, opposite or concurrent mecha-
nisms, body fat content, adipogenesis and fatty storage in
several organs, notably the liver'”. In summary, the target
of intervention in clinical research and practice is the
decrease of excessive and lasting over-nutrition and the
abandonment of sedentary life, both pursued facilitating
psychological dispositions and eatly life behaviors, along
with parental-social conditioning'" .

Behavioral counseling focused on physical exercise
and self-efficacy enhances dietary adherence and weight
loss in obesity™*"!. Increased adherence to a healthier diet
profile and to greater physical exercise activity concurs
and improves liver appearance and function in NAFLD
patients™*” as in other conditions®*", Also hepatitis C
virus (HCV) is associated with liver steatosis, but its per-
sistence after virus eradication observed in several cases
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is considered, even conjecturally, the confirmation that
different mechanisms are operating, Fat increase in liver
by diets, sedentary life, genetics and environmental fac-
tors do not exclude that other viruses or the microbiome

do not have a priori effects!”.

OBESITY

The investigations on the relationship between obesity
and adenovirus are quite recent”’. Adenoviruses are me-
dium sized, non-enveloped, icosahedral shaped double
stranded linear DNA viruses. They are commonly used as
vectors in gene delivery systems. ADV36 is one of 56 se-
rotypes in 7 subgroups of human adenoviruses'”. Tt was
observed that after ADV306 inoculation in either chickens
or mice, body fat increased, visceral fat increased dispro-
portionally to body fat, and serum lipids were paradoxi-
cally lower despite the obesity”", ADV36 infection
accelerates the differentiation of preadipocytes to adipo-
cytes in 3T3-L1 cells and human preadipocytes”™. More-
over, ADV36 DNA was isolated from human adipose
tissues of severe obese subjectsm]. We began investigat-
ing in 2002, through pioneering studies in animals and
humans” ™, whether non-diabetic patients with previous
ADV306 infection showed greater degrees of overweight-
obesity, of insulin resistance, assessed by homeostasis
model assessment (HOMA), and/or of other related
factors™. We considered carefully the need for exclud-

ing diabetes from an observational study, since address-
ing possible associations more than histology and virus
identification in fat and liver cells, the need for exclud-
ing powerful confounding factors, as also B and C virus
hepatitis, was necessary. Despite this relevant shortage of
the population to be studied, we confirmed that a great
prevalence of ADV36 seropositivity, 43%, in adults™ is
present also in our population, in Italy. There are some
gender-related differences: ADV36 seropositivity for neu-
tralizing antibodies has a prevalence of 59% in women,
and of 33% in men. This prevalence is compatable to the
prevalence of seropositivity for ADV36 - around 50% in
adults - neutralizing antibodies reported in the extensive
international survey recently publishedm. The core of
our study showed that prevalence in obese subjects is sig-
nificantly higher, 64.7%, in comparison with non-obese
subjects, in which prevalence was 32.6%"". The main
possible bias of our contribution is that the population
studied is not randomly chosen, but represents, within
the exclusion criteria (severe acute and chronic disease,
cancet, alcohol and diabetes), the current referrals to
our diagnostic and therapeutic unit, Ze., includes patients
seeking liver ultrasound (US) and nutritional assessment
and advice for actual or perceived overweight-obesity.
Fluctuation of body weight, from normal to overweight
level, is a distinctive feature of most normal subjects:
this could explain the relatively higher prevalence in our
population group of ADV36 neutralizing antibodies se-
ropositivity in comparison with other studies in younger
population and even in children or adolescents, and to
the fact that we are actually studying most subjects with
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Prevalence of adenovirus 36-37 neutralizing serum antibodies
in 6 age group decades (1290 consecutive subjects)
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Figure 1 ADV36 seropositivity prevalence increases with ageing (20-29, 30-39, 40-49, 50-59, 60-69 and = 70 years) considering consecutive adult age de-

cades in our population.
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Figure 2 Odds ratios show an increased hazard of obesity associated
with ADV36 seropositivity (OR = 6.879; 95%Cl: 3.316-14.274), essential
hypertension (OR = 2.977; 95%Cl: 1.625-5.451) and insulin resistance (OR
=3.792; 95%Cl: 2.052-7.006).

an history of overweight-obesity. ADV36 seropositivity
prevalence increases with ageing (20-29, 30-39, 40-49,
50-59, 60-69 and = 70 years) considering consecutive
adult age decades in our population (Figure 1).

ADV306 seropositive subjects also have an increased
prevalence of essential hypertension (ze., slightly “high-
normal” diastolic blood pressure) and of greater in-
sulin resistance (IR), in comparison with the control
group of ADV seronegative subjects. In Figure 2 the
odds ratios show an increased hazard of obesity associ-
ated with ADV36 seropositivity (OR = 6.879; 95%CI:
3.316-14.274), essential hypertension (OR = 2.977;
95%CI: 1.625-5.451) and IR (OR = 3.792; 95%CI:
2.052-7.000).

We suggested that ADV36 seropositive status could
be also a hallmark of a clinical-metabolic profile possibly
preceding obesity and diabetes in non-obese patientsl36J
By means of a multiple linear regression (MLR) model,
aimed at reaching a synthetic representation of our re-
sults, we challenged the predictability of body mass index
(BMI), used as a measurement of the grade of obesity,
and the predictability of HOMA, used as a measurement
of insulin resistance. HOMA variance, in our model, is
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explained significantly only by BMI and triglycerides, and
not by ADV36 seropositivity (Table 1).

As a consequence, previous infection with ADV36
does not plausibly account for IR and the degrees of
HOMA. Differently, ADV36 seropositivity is significantly
present in the model to BMI and accounts reasonably
and significantly for the BMI variance; in this model, a
significant concurrent contribution of HOMA is also
present in the mechanisms contributing to obesity.

The conclusion was that a direct pathophysiological
mechanism on establishment and/or maintaining obesity
could be operating, and could be related to an eatlier
ADV36 infection; ADV36 seropositivity does not ac-
count for different degrees of HOMA, and thereafter,
any likely evidence of effects of ADV36 mediated by
insulin resistance is missing. All models are weighted by
age since ADV306 seropositivity prevalence increases with
ageing,

LIVER

Obesity and liver steatosis are frequently described as
related diseases, even with several exceptions, as indicated
above". Non-alcoholic fatty liver disease, is a condition
whose natural history is related to, but is not completely
explained by, over-nutrition, obesity and insulin resis-
tance. Aminotransferase levels may fluctuate and, among
subjects with fatty liver at US, those with normal and
abnormal alanine aminotransferase (ALT) levels show a
similar or identical pattern[’%]. This finding provides in-
direct evidence that ALT does not differentiate various
conditions or stages of the disease in NAFLD, and, obvi-
ously, is not associated with the actual fat content of liver
cells. US bright liver pattern and its detrived score (BLS) is
one of the most comprehensive non-invasive diagnostic
tools for bright/fatty liver assessment, with a satisfac-
tory clinical consistencyl381, confirmed also in our clinical
experiencelzz]. After on-site validation of the Mathiesen’s
score (Bright Liver Score, 7., BLS)*™, we used and use in
our studies this non-invasive tool as a reliable substitute
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Table 1 Multiple linear regressions to body mass index and homeostasis model assessment

r r r* change F Sig B P-value
BMI 0.667 0.445 0.445 17.842 < 0.0001
Waist/hip ratio -0.013 0.841
FM, % 0.105 0.084
Total cholesterol, mg/dL 0.148 0.039
HDL cholesterol, mg/dL -0.088 0.259
Triglycerides, mg/dL -0.103 0.184
HOMA 0.564 <0.0001
ADV36 seropositivity 0.182 0.004
HOMA 0.671 0.451 0.451 18.285 < 0.0001
Waist/hip ratio -0.055 0.389
BMI, kg/m” 0.558 <0.0001
EM, % -0.032 0.598
Total cholesterol, mg/dL 0.004 0.956
HDL cholesterol, mg/dL -0.102 0.188
Triglycerides, mg/dL 0.213 0.006
ADV36 seropositivity 0.005 0.938

Weighted least squares regression - weighted by age. Bold font indicates significant correlations. BMI: Body mass index; FM: Fat mass; HDL: High-density

lipoprotein; LDL: Low-density lipoprotein; ADV: Adenoviruses; HOMA: Homeostasis model assessment.

Figure 3 Convex ultrasound transducer with a central hole for allowing
co-axial biopsy and four different specimens of liver fine needle aspirate
biopsy in fatty liver performed with 20 G needle.

for the diagnosis and staging of fatty/bright liver: US
NAFLD diagnosis has also a good intra-observer reliabil-
ity. This score provides comprehensive information, and
liver biopsy, by which sampling differences and/or etrors
can result in substantial misdiagnosis and staging inac-
curacies in liver diffuse abnormalities, such as steatosis" ",
is performed only for the definition of nodules or for in-
vestigating diffuse but scarcely defined lesions. Moreover,
non-invasive US imaging allows a more complete visu-
alization of the liver which, by liver biopsy, is reached in
very limited and - hopefully - accurately chosen areas”;
this method perhaps does not provide a sufficiently
comprehensive description of the liver as a whole. In
our experience, by US-guided fine needle aspirate biopsy
(FNAB, 20 Gauge), using echo-transducers with a cen-
tral hole which allows the coaxial passage of the needle
and the concurrent vision of the needle and the area to
be reached, it is possible to get specimens of adequate
length (2.5-5.0 cm) with a number of portal spaces suffi-
cient to allow a reliable assessment of steatosis and fibro-
sis™. The method is safer than other biopsy procedures,
is repeatable and is currently done when double speci-
mens are to be taken (intranodular biopsy plus nearby
liver)™" if needed for diagnostic purposes. This is the
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case when non-invasive imaging is doubtful and there
is the need of a differential diagnosis of hepatocellular
carcinoma, cholangiocarcinoma, metastasis, lymphoma,
or of other diffuse non-neoplastic disease. With this indi-
cation, the parallel biopsy of the seemingly non-tumoral
liver tissue is carried out to obtain information on the as-
sociated liver disease, if there is any. In Figure 3 a convex
US transducer with a central hole for allowing co-axial
biopsy is shown, along with four different specimens of
liver FNAB in fatty liver performed with 20 G needle.
The pathology of NAFLD, its impact on hepatic
fibrosis, animal models and biomarkers, molecular mecha-
nisms of lipotoxicity, diagnostic strategies, and associated
conditions are among the most significant fields of clini-
cal and translational research. Since healthier lifestyles, re-
garding correct hypercaloric-unbalanced diets, diminishing
sedentary lifestyle, and alcohol abuse withdrawal, are the
most effective therapeutic interventional strategies in liver
steatosis as they atre in obesity management, and because
no special information can be obtained by liver biopsy
in subjects with the lone imaging evidence of fatty liver,
without any visible associated liver lesion, liver biopsy is
not only not recommended for the diagnosis, but could be
even misleading due to the limitations desctibed above.

ADENOVIRUS ADV36

Obesity and fatty liver, notably NAFLD, can co-exist and
can undergo exacerbation or remission independent of
each other; concurrent straight, discrete and significant
mutual linear relationships between insulin resistance,
obesity and severity of fatty liver involvement are con-
firmed by previous studies™. Both obesity and NAFLD
are easily quantifiable and can be assessed non-invasively.
In fact, they could be considered two facets of an allied
condition. The acknowledgement that a third factor, be-
yond food intake and adiposity, could be contributing to
obesity and NAFLD prompted the investigation of the
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Figure 4 Odds ratio: Higher hazard of non-alcoholic fatty liver disease is
associated with insulin resistance and obesity, and a lower non-alcoholic
fatty liver disease risk is associated with ADV36 seropositivity. NAFLD:
Nonalcoholic fatty liver disease.

Table 2 Multiple Linear regression to non-alcoholic fatty

liver disease-ADV37 seropositivity

NAFLD
r r F Sig B P-value
0.632 04 18789 <0.0001

ADV37 seropositivity 0.222° 0.001
HDL cholesterol, mg/dL 0.097  0.190
Triglycerides, mg/dL 0.133  0.073
HOMA -0.052  0.572
BMI, kg/m” -0.557 <0.0001

Bold font indicates significant correlations. BLS: Bright liver score; HDL:
High-density lipoprotein; BMI: Body mass index; NAFLD: Nonalcoholic
fatty liver disease; HOMA: Homeostasis model assessment.

adipogenic adenoviruses ADV36 seropositivity relation-
ship with fatty liver. In these investigations, the number
of confounding variants was limited; Ze., subjects with
different dietary profiles, diabetes, cancer and hepatitis C
virus-related liver disease were excluded. In this study
we investigated prevalence of ADV306 seropositivity in
NAFLD patients and observed a lower prevalence of
ADV36 seropositivity (32.3%) in NAFLD patients in
comparison with non-NAFLD subjects (46.5%), despite
no difference of BMI, as averages, being observed in the
two groups: 28.15 £ 5.97 »527.11 * 5.36.

By odds ratio, Figure 4, a higher risk of non-alcoholic
fatty liver disease is associated with insulin resistance
and obesity, and a lower NAFLD risk is associated with
ADV36 seropositivity[4”.

Considering all the NAFLD patients, the same grade
of BLS, age, insulin resistance, cholesterol and triglycer-
ides was observed, but a significant difference of BMI,
greater in ADV36 positive subjects (30.58 £ 5.81 os
26.99 £ 5.76) was present. This suggested the possibil-
ity of an anti-steatogenic effect of ADV36 implying a
better metabolic profile in ADV36 non-diabetic infected
subjects, compared to the uninfected subjects which
show the same degree of obesity. Whereas, recent cross-
sectional and longitudinal studies showed that ADV36
seropositivity is associated with better glycaemic control
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Figure 5 Odds ratio. Increased risk of obesity (top) is associated with greater
insulin resistance, C-reactive protein, and ADV37 seropositivity (Ad377),
whereas higher high-density lipoprotein cholesterol is associated with lower
prevalence of obesity. A more consistent association of ADV37", greater insulin
resistance, C-reactive protein (CRP), and obesity was observed with non-
alcoholic fatty liver disease (NAFLD) (bottom), whereas higher high-density li-
poprotein (HDL) cholesterol was associated with a lower prevalence of NAFLD.
No sex difference was found. This behavior is different, if not opposite, of that of
ADV36.

. 42.45
in humans™™*,

ADENOVIRUS ADV37

Along the same line of research we investigated also
whether non-diabetic patients with previous ADV37
infection, under uniform, appropriate, and reasonably
healthy dietary profile prescriptions, show different prev-
alence of overweight-obesity, insulin resistance, assessed
by HOMA, and/or fatty liver™). ADV37 seropositivity is
not associated with a significant increase of prevalence
and severity of obesity in comparison with ADV37 se-
ronegative subjects but have a significantly greater preva-
lence of NAFLD, which is concurrently explained in a
MLR model by ADC37 seropositivity and greater body
weight (Table 2).

There is a greater relative hazard of fatty liver for
ADV37 seropositive patients, as expressed by the odds
ratio. In Figure 5 odds ratios show that an increased risk
of obesity (top) is associated with greater insulin resis-
tance, C-reactive protein (CRP), and ADV37 seropositiv-
ity (ADV37"), whereas higher high-density lipoprotein
(HDL) cholesterol is associated with lower prevalence of
obesity. A more consistent association of ADV37", great-
er insulin resistance, CRP, and obesity was observed with
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A Differences of changes between
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Figure 6 After a comprehensive nutritional and lifestyle intervention, the improvement is more relevant in ADV36 seropositive than in ADV36 seronegative
non-alcoholic fatty liver disease patients: a greater decrease of insulin resistance (homeostasis model assessment) and of overweight (body mass index)
was achieved in ADV seropositive non-alcoholic fatty liver disease patients (A) and the odds of bright liver persistence is associated with lack of insulin
resistance (homeostasis model assessment) and body weight (body mass index) decrease, while a relevant association with improvement, i.e., bright liver
disappearance, is observed in ADV36 seropositive non-alcoholic fatty liver disease patients (B). BMI: Body mass index; HOMA: Homeostasis model assess-

ment; NAFLD: Non-alcoholic fatty liver disease.

NAFLD (bottom), whereas higher HDL cholesterol was
associated with a lower prevalence of NAFLD. No sex
difference was found. CRP indicates C-reactive protein;
HDL, high-density lipoprotein; NAFLD, nonalcoholic
fatty liver disease. This behavior is different, if not the
opposite of, that of ADV36.

SOME REMARKS

These two adipogenetic adenoviruses, ADV36 and
ADV37, appear to be associated with different lipidogen-
ic effects at least in two different organs, notably liver and
fat cells. The need for additional longitudinal/prospective
studies is obvious. Moreover, there are no data available
regardingearly infection and subsequent seroconversion
- no data are available for subjects shifting from a condi-
tion of seropositivity to seronegativity. Last but not least,
no clear-cut information is currently available on the
compound ADV36/ADV37 seropositivity. We observed
that ADV36" and ADV37" compound seropositivity,
independently by difference of nutritional profile, has no
additive effect on obesity and insulin resistance!"”

NEED FOR AN INTERVENTION STUDY

Since correlation does not imply causation (cum hoc
ergo propter hoc logical fallacy), and considering the
ethical barriers against the proof of NAFLD induced by
ADV36 inoculation in humans, we set out to discovet,
within our current lifestyle- nutritional interventions pro-
gram, to seck to determine whether participants, NAFLD
patients, achieve different clinical outcomes, and whether
changes are blunted or enhanced according to ADV36
seropositivity status™. This intervention study, within a
homogeneous and established lifestyle-nutritional inter-
vention program was carried out limiting possible con-
founding factors. Previous HCV infection is a recognized
risk factor for development of liver steatosis and insulin
resistance, particularly in patients with visceral obesity;
also, in type-2 diabetic patients, NAFLD may develop and
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progress independent of the diabetes progression itself;
both conditions were preliminarily excluded from the re-
sult of our study, in the attempt to minimize the number
of confounding factors. The program of interventional
health psychology is currently aimed, in our institution, at
life-style modifications: the goal is a gradual weight loss
of approximately 5% of the initial body weight within 6
mo in obese overweight subjects. However, the key goal
of the diet is to achieve an adequate nutritional status,
with close reference to daily physical activity and to the
degree of weight abnormality. Weight modifications
through the prescribed diets are foreseen, but without the
aim of reaching rapid effects both on weight and on liver
steatosis. Diet was provided with daily recommendations
derived also from the specific software used (Dietosys-
temTM, Milan, Italy). ADV36 seropositive patients have
a more consistent decrease in insulin resistance, fatty liver
severity and body weight in comparison with ADV36 se-
ronegative patients, indicating a greater responsiveness to
nutritional intervention. These effects wetre not associated
with a greater pre-interventional body weight and older
age, which could be explaining factors. ADV36 seroposi-
tive status is associated significantly and independently
with the reduction of bright liver and obesity. These
results imply no obvious disadvantage and, seemingly,
some benefit is linked to ADV36 seropositivity, at least in
NAFLD. All patients, in both groups, had a satisfactory
adherence to the prescription, including abstinence for
alcoholics. After our interventional approach, ADV36
seropositive patients have a more consistent decrease of
insulin resistance and body weight, indicating a greater
responsiveness to the nutritional intervention. Figure
6A shows how, after a comprehensive nutritional and
lifestyle intervention, the improvement is more relevant
in ADV36 seropositive than in ADV36 seronegative
NAFLD patients: a greater decrease of insulin resistance
(HOMA) and of overweight (BMI) was achieved in ADV
seropositive NAFLD patients.

This was not due to greater obesity of ADV36 sero-
positive NAFLD patients, since the subsequent multiple
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Table 3 Muiltiple linear regression, body mass index balanced,

to non-alcoholic fatty liver disease disappearance - effects of
changes

All patients (7 = 62)

r r F Sig B P-value
0.635 0.403 2.701 0.029
ADV36 seropositivity 0408  0.013
Waist/hip ratio 0.018  0.907
AWeight, kg 0413  0.057
AFM, % 0433  0.012
AHOMA 0.189  0.284
AALT, U/L 0.279  0.095
ALongitudinal right -0.154  0.386

liver (mm)

Weighted least squares regression - weighted by BMI. Bold font indicates
significant correlations. BMI: Body mass index; FM: Fat mass; ALT:
Alanineaminotransferase; HOMA: Homeostasis model assessment.

liner regression model, BMI adjusted for eliminating the
difference of BMI as a potential confounding factor,
confirms the relevance of ADV36 seropositivity, not de-
pendent on a greater pre-interventional body weight. The
model indicates that both fat mass decrease and ADV36
seropositive status account significantly and independent-
ly for the disappearance of bright liver (Table 3).

Figure 6B shows how, after a comprehensive nutri-
tional and lifestyle intervention, the Odds of bright liver
persistence is associated with lack of insulin resistance
(HOMA) and body weight (BMI) decrease, while a rel-
evant association with improvement, ze., bright liver dis-
appearance, is observed in ADV36 seropositive NAFLD
patients.

Differently from our original hypothesis, bright liver
disappearance seems to be not blunted by ADV36 posi-
tive serological status and is associated with a greater fat
mass loss.

CURRENT HYPOTHESIS AND ENVISAGED

MECHANISMS

ADV36 can modify the machinery of human cells by
several mechanisms, and particularly the most direct one,
i, the persistence of the virus in any tissue or organ,
including fat cells and/or hepatocytes. ADV36 induces
the synthesis of specific protein, E4orf] . this can be
also a consequence of an epigenetic effect, ze., the result

of functionally relevant changes to the genome that do
not involve a change in the nucleotide sequence nor any
integrationw)]. Preadipocytes of the ADV36 DNA posi-
tive subjects showed about 8-fold greater ability to dif-
ferentiate into fat cells, compared to that of the ADV36
DNA negative subjects. These findings are in agreement
with the ability of ADV36 to induce adipogenic differ-
entiation and lipid accumulation in adipocyte progeni-
tors. Can it suggest a persistent replication of ADV36 in
seropositive persons? In animal models, ADV36 appears
to alleviate hyperglycemia by increasing glucose uptake
by adipose tissue and skeletal muscle and by reducing he-
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patic glucose output, along with a robust upregulation of
adiponectin and an attenuation of hepatic steatosis™ 7.
A working model to explain the antidiabetic effect of
ADV36 was developed[54]. Overall in adipose tissue, skel-
etal muscle, and liver of mice, ADV36 downregulates
insulin signaling yet upregulates the Ras-PI3K pathway,
which upregulates Glutl and Glut4 in skeletal muscle and
adipose tissue and downregulates Glut2 in liver. Further-
more, ADV36 increases adiponectin, which may activate
AMPK. Collectively, this leads to greater glucose uptake
by adipose tissue and skeletal muscle and reduces hepatic
glucose release, which may contribute to ADV36-induced
improvement in systemic glycemic control (Figure 7).

ADV36 infection stimulated an inflammatory state
by increasing the level of monocyte chemoattractant
protein-1 (MCP-1) through the activation of nuclear
factor kB, which in turn induces the infiltration of mac-
rophages into adipocytes. Knockout [MCP-1(-/-)] mice
are protected from ADV36-induced inflammation and
obesity so that virus-induced inflammation could be the
cellular mechanism underlying ADV36-induced obesity
and MCP-1 may be a therapeutic target in preventing
virus-induced obesity[ss]. Increase in glycemic control
and adipogenesis can be uncoupled. The E4orfl gene
of ADV36 has been shown to be responsible for its ad-
ipogenic effect. E4orfl protein of ADV36 was recently
identified as the protein likely to mediate ADV36 induced
improvements in glucose disposal™. ADV36 E4orfl
may reduce glucose output in basal and gluconeogenic
conditions, reduce de-novo lipogenesis, increase complete
fatty acid oxidation and promote lipid transport. These
mechanisms, collectively, may contribute to lower hepatic
lipid accumulation and to a better glycemic control. Sev-
eral alterations in hepatic lipid metabolism can result in
insulin resistance and hepatic steatosis such as impaired
suppression of glucose output under gluconeogenic
conditions, impaired fatty acid oxidation, decreased lipid
export, and increased de-novo lipogenesis. In vitro studies
showed that E4orfl protein is necessary and sufficient
for ADV36 to increase cellular glucose uptake from adi-
pocytes and myoblasts and to reduce glucose output from
hepatocytes: E4orfl also reduced DNL, and up-regulated
ApoB secretion, which is indicative of lipid export. This
action of Edorfl may be sufficient to attenuate hepatic
triglyceride accumulation, as observed in ADV36 infected
C57BL/6] mice on high fat diet™*".

LIMITATIONS AND FUTURE
PERSPECTIVES

We are aware that present evidence in not supported
by evidence based on Koch’s postulates and/or by the
demonstration of the presence of ADV36 or of any of
its component in the liver. Our observational investiga-

tion was merged within the current chosen approach for
the management of fatty liver disease, in non-diabetics,
without alcohol abuse and without viral hepatitis disease.
In this subset the only clinical clue for fatty liver could
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Figure 8 Compound ADV36/ADV37 seropositivity is associated with a risk
profile more similar to ADV37 seropositivity, whose effect is not blunted
by ADV36 seropositivity. NAFLD: Non-alcoholic fatty liver disease.

be overweight-obesity. A bias was that patients were not
randomly selected from a definite population, but were
all subjects coming to our outpatient clinic for US assess-
ment and nutritional evaluation and counseling, with or
without presenting currently overweight or obesity. Most
of the normal weight subjects, however, were overweight
ot obese in the preceding years. According to our knowl-
edge and practice, we rely on lifestyle assessment and
management of obesity and fatty liver, with a common
approach. Despite this, we challenged the possibility that
a factor, such as this infection with widespread human
viruses with obesogenic effects in animals is, could have
similar effect in humans. We tried to explain how these
effects, if any, could be inter-related with the obesity-
assoclated liver disease which, in its more “pure” form, is
currently defined NAFLD.
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*9Modified from Krishnapuram et af*”.

The envisaged molecular mechanisms are the results
of the studies of different investigators with different
methodological approaches. E4orfl is not a sectetory
protein, and therefore does not have a cell surface re-
ceptor for cell entry. Moreover, a long term delivery of
Edorf]l may be required to influence metabolism 7 vivo.
Thetefore, a suitable delivery system such as a retrovi-
rus ot nano-particles that express E4orfl is required to
test the effects of Edorfl iz vivo. Nonetheless, E4orfl
may provide novel signaling targets to prevent NAFLD
and insulin resistance even in the presence of a high fat
diet[43,57,58].

More information of the effects of ADV36/37 on
cultured human cells, Ze., adipocytes, hepatocytes and
others are still needed, as too are additional longitudinal
epidemiological studies. Prospective studies on seroposi-
tive subjects shifting from conditions of seropositivity
to seronegativity could provide useful information. As-
sessment of combined ADV36/ADV37 setropositivity
on liver and, notably, on liver fibrosis and steatosis, are
a field of current investigation; we preliminary reported
that compound ADV36/ADV37 seropositivity is associ-
ated with a risk profile more similar to ADV37 seroposi-
tivity (Figure 8), whose effect is not blunted by ADV36
Seropositivity.

In this subset, a search for groups with ecarly first
infections and subsequent modality of seroconversion
could provide useful information. The study of identical
twins and the assessment of different susceptibility, if
any, of patients with combined ADV36/ADV37 sero-
positivity would also be useful.

The availability of affordable predictive application
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tools will foster both epidemiological and preventive
strategies and prospective intervention actions'"”. The
possibility of using a ADV36 vaccine in humans and
the use of substances with inhibitory action on ADV36
replication and/or on its adipogenic effects are currently
being investigated, despite its questionable usefulness ac-
cording to our current knowledge.

Nonetheless, despite overweight-obesity being con-
sidered invariably ominous for health, under several
conditions, also in this case of ADV306 associated obesity
being overweight appears “protective” (obesity paradox),
not only against renal and heart failure™, but also against
NAFLD"". This issue is debated, but the core of the
problem is that we still lack a good definition of the
healthy overweight petrson, if any, and of his/her rela-
tionship with a healthy dietary profile and with appropri-
ate physical exercise. Within this comprehensive frame,
obesity is regarded as exclusive consequence of an imbal-
ance between food intake and physical exercise, modulat-
ed by endocrine and genetic causes, and influenced by be-
havioral mechanisms which are conditioned by economic,
societal and psychological factors. Economists and,
obviously, epidemiologists mention the environment: but
they skip the evidence that environmental infections, and
notably adipogenic adenoviruses infections in humans,
are associated with obesity, and allied conditions, such as
fatty liver, and that these can be the factors influencing
obesity and consequent disease in humans and animals™’
since obesity itself is a factor influencing the outcome
in virus disease”®. Our contribution is hopefully a step
towards enhancing a more comprehensive approach to
NAFLD knowledge, assessment and treatment.
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