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Abstract

patients with diabetes mellitus type 2 (DM2).

Objective: To investigate the link between Human Herpesvirus 8 (HHV8) infection and plasma oxidative stress in

Results: Blood samples collected from DM2 and control subjects were screened for the presence of antibodies
against HHV8 and for biomarkers of oxidative stress. We determined the products of radical damage on the plasma
lipid fraction, such as malondialdehyde (MDA), fatty acid hydroperoxides (HP) and 7-ketocholesterol (7-keto), the
oxidation products of unsaturated fatty acids (UFA) and cholesterol, respectively. The level of plasma antioxidant
a-tocopherol (a-toc) was also assessed. Relevant differences were observed in the redox status in DM2 and either
HHV8-positive or -negative control subjects. The level of a-toc significantly decreased in both DM2 and HHV8-positive
subjects. Levels of MDA, HP and 7-keto were much higher in HHV8-positive and DM2 subjects, indicating that plasma
oxidative stress is a common feature in both DM2 and HHV8-infection. In addition, 7-keto was further increased in
HHV8-positive DM2 patients. We hypothesized that the HHV8-infection may contribute to the production of ROS, and
hence to the oxidative stress closely related to the pathogenesis and development of DM2.
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Introduction

The Human Herpesvirus 8 (HHVS8), known as the
causative agent of Kaposi’s sarcoma (KS), establishes a
persistent latent-infection for the host’s lifespan with
occasional reactivation of the acute infection [1]. The
HHV8 latency-associated nuclear antigen (LANA) is
known to be able to immortalize primary endothelial
cells and enhance cell survival in critical conditions [2].
Several studies have demonstrated that HHV8 infection
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induces intense and long-lasting alterations in the physi-
ology of infected cells [3-5]. HHV8 has also been asso-
ciated to widely diffused chronic diseases [6—12], such
as cardiovascular disease and diabetes mellitus type 2
(DM2). HHV8 induces a permanent inflammatory condi-
tion with impairment of B-lymphocyte activity and alter-
ation in the function of NK-cells [13, 14], as also found
in DM2 patients. HHV8 has recently been reported as
inducing reactive oxygen species (ROS) production both
during the very early phase of infection—efficiently facili-
tating viral entry into the micro-vascular cells via macro-
pinocytosis—and during the establishment of latency in
endothelial cells leading to junction dysregulation and
increased vascular permeability [13, 15]. Moreover, ROS
induced by HHVS play a causal role in KS malignancies
by promoting proliferation and angiogenesis that have
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been shown to be efficiently reduced by the antioxidant
N-acetylcysteine in animal models [16]. It is notewor-
thy that ROS play a pivotal role in the metabolic modi-
fications induced by DM2 [16-20] and that the agents
which increase redox activity or generate ROS result in
the stimulation of the basal insulin secretion [13, 21, 22],
hence revealing their involvement in the initiation and
progression of DM2 [23]. Increased free radicals produc-
tion in DM2 has also been shown to alter and induce sev-
eral risk factors for cardiovascular diseases such as lipid
peroxidation, endothelial dysfunction, inflammation and
platelet activation [24]. Lipid peroxidation, which affects
low-density lipoprotein (LDL), is considered to play an
important role in the atherosclerosis of DM2 patients
[25]. Oxidation of lipoproteins induces various changes
in their lipid composition, with a substantial loss of free
and esterified cholesterol, fatty acids and co-occurrence
of their oxidation products [26]. Products of lipid peroxi-
dation like malondialdehyde (MDA) [27, 28] and oxyster-
ols such as 7-ketocholesterol (7-keto) have been detected
in DM2 patients [29, 30]. In this study we focused on the
role of HHV8-infection in the alteration of the plasma
redox status of a DM2 cohort and compared to that of
control subjects. As biomarkers of oxidative stress, we
determined the more stable products of radical damage
on the plasma lipid fraction, such as MDA, and more sen-
sible and precise markers of the lipid peroxidation pro-
cess, such as fatty acid hydroperoxides (HP) and 7-keto,
oxidation products of unsaturated fatty acids (UFA) and
cholesterol, respectively. The level of plasma lipophilic
antioxidant a-tocopherol (a-toc) was also detected, since
its level is generally correlated to that of peroxides and
aldehydes in the plasma of DM2 patients [31].

Main text

Materials and methods

Serological analysis

DM2 patients and a control group of non-DM2 volun-
teers (ascertained by the OGTT test), matched for age
(44-70 years) and sex, were recruited at the Diabetes and
Metabolic Diseases Service (San Giovanni City Hospital,
Cagliari). DM2 diagnosis was performed according to
World Health Organization (WHO) criteria for the clas-
sification of diabetes [32], based on a fasting glucose level
above 7 mmol/L verified on at least two occasions (i.e. on
the basis of the clinical documentation and the OGTT
test). Subjects with tumours or infectious diseases,
aged over-70 or pregnant were excluded from the study.
Experimental protocols involving human subjects and
sample collection were performed following the guide-
lines approved by the Local Ethical Committee and were
subordinate to the acquisition of informed consent from
all participants which was then anonymized before use
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[10, 32, 33]. About 10 mL samples of venous blood were
drawn after 12 h fasting, centrifuged to separate plasma
and then stored in different tubes at — 80 °C until sero-
logical analysis. The samples from DM2 patients (N. 31;
15 HHV8-positive and 16 HHV8-negative) and control
subjects (N. 23; 9 HHV8-positive and 14 HHV8-negative)
were screened for the presence of anti-HHVS8 antibodies
using a validated immunofluorescence kit assay (Scimedx
Corp., Denville, NJ, USA), following the manufacturer’s
instructions. Only plasma with an antibody titre higher
or equal to 1:64 was considered positive. In addition, the
presence of latent HHV8-DNA was detected in both dia-
betics and controls by a PCR method as described else-
where [3, 33].

Characterization of the oxidative status

In order to evaluate the plasma oxidative status, we
measured the level of a-toc, MDA, 7-keto and HP, cho-
lesterol and UFA oxidation products, in HHV8-positive
and -negative samples from controls and DM2 subjects.
Total lipids were extracted from the plasma samples (150
pL) through a CHCl;/MeOH (2/1 v/v) solution and sepa-
rated by mild saponification [34]. Cholesterol, UFA and
their oxidation products were identified and quantified
by an HPLC system (Agilent Technologies, Santa Clara,
CA) equipped with a diode-array detector (HPLC-DAD).
Cholesterol, detected at 203 nm, and 7-keto, detected at
245 nm, were measured using a Varian column (Middel-
burg, The Netherlands), Inertsil 5 ODS-3, 150 x 3 mm,
with MeOH as the mobile phase, at a flow rate of 0.4 mL/
min. UFA, detected at 200, and HP, detected at 234 nm,
were measured using a Varian column, Inertsil 5 ODS-
2, 150 x 4.6 mm, with a mobile phase of CH;CN/H,O
(70/30, v/v) containing 0.12% CH;COOH, at a flow rate
of 1.5 mL/min. a-tocopherol was determined by HPLC-
electrochemical detection (DECADE II, Antec) set at an
oxidizing potential of 0.6 V, using a C-18 Hewlett Packard
ODS Hypersil column, 5 pm particle size, 100 x 2.1 mm,
with a mobile phase of MeOH/CH;COONa 0.05 M pH
5.5 (95/5 v/v) at a flow rate of 0.3 mL/min [34]. The MDA
level was directly measured in the plasma samples by the
TBARS test with HPLC-DAD quantification. Briefly,
100 uL of TCA 10% were added to 30 pL of plasma
diluted in 370 pL of a water/MeOH solution (40/60 v/v),
then samples were mixed and left at room temperature.
After 20 min, 200 pL of TBA (0.6%) were added; samples
were incubated at 90 °C for 45 min and then centrifuged
at 5000xg for 15 min at 4 °C. Aliquots of the superna-
tant were used for HPLC-DAD analysis, using a Varian
column, Inertsil 5 ODS-2, 150 x 4.6 mm, and a mixture
of KH,PO, 50 mM pH 7/MeOH (65/35, v/v) was used
as mobile phase at a flow rate of 1 mL/min. The adduct
MDA-TBA was revealed at 532 nm [35, 36].
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Statistics

Statistical analysis was performed with GraphPad Prism
7 software (La Jolla, CA, USA). All data were expressed
as the mean+SEM of experiments in triplicate and
analysed by the t-student test or one-way Analysis of
Variance (ANOVA) and Bonferroni as post hoc test for
multiple comparisons when required. Differences were
considered significant when p <0.05.

Results

A significant increase in HP was found in DM2 subjects
as compared to non-diabetic controls (Fig. 1a, p<0.001),
whilst no significant differences were observed between
HHV8-positive and -negative DM2 patients (Fig. 1a).
MDA was remarkably higher in DM2 versus either
HHV8-positive and HHV8-negative controls (Fig. 1b,
p<0.001); in addition, MDA significantly increased in
HHV8-positive controls versus HHV8-negative ones
(p<0.01). No difference was found between DM2 and

Page 3 of 6

DM2 HHV8-positive subjects. The o-toc showed an
overall decrease in all DM2 samples (p <0.01) and HHV8-
positive non-DM2 samples also revealed a remarkable
decrease compared to HHV8-negative control samples
(Fig. 1c, p<0.01). 7-keto appeared significantly enhanced
in all the HHV8-infected subjects (Fig. 1d, p<0.01) irre-
spective of the presence of DM2. However, there was also
a general increase in 7-keto in DM2 subjects as compared
to non-diabetic controls (p<0.01). Strikingly, in HHV8-
positive samples from DM2 subjects we found a signifi-
cant further increase in 7-keto (p<0.001) compared to
HHV8-negative DM2 samples. No significant differences
were observed for cholesterol and UFA in all the experi-
mental groups (Fig. 2).

Discussion

It is widely accepted that ROS play a pivotal role in
DM2 both in the early stages, when insulin resistance
is being set up and, later on, when complications occur.
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Fig. 1 Plasmatic concentrations of fatty acid hydroperoxides, malondialdehyde, a-tocopherol and 7-ketocholesterol in control and DM2 subjects. a
Fatty acid hydroperoxides (HP), b Malondialdehyde (MDA), ¢ a-tocopherol and d 7-ketocholesterol were extracted from plasma samples, separated,
identified and quantified by HPLC as reported in “Materials and methods”section. HP shows a significantly higher concentration in DM2 subjects

as compared to non-diabetic controls (p <0.001). MDA was much higher in DM2 patients versus controls (p <0.001) and significantly even higher
in DM2 subjects positive for HHV8 compared to HHV8-negative DM2 (p <0.01). Whereas a-tocopherol shows a decrease in both DM2 and HHV8
(either positive or negative) subjects (p <0.01), 7-ketocholesterol was significantly higher in all the HHV8-positive samples (p <0.01); there was

a general increase in 7-ketocholesterol in DM2 subjects versus non-DM2 controls. A further significant increase in 7-ketocholesterol (p <0.001)

was detected in DM2 HHV8-positive samples. The data are expressed as the mean concentration values + SEM and significance is indicated with

(*) when p<0.05, (**) when p<0.01 or (***) when p<0.001, as calculated by ANOVA and Bonferroni as post hoc tests. CTR non-diabetic control
subjects, DM2 diabetic subjects, HHV8 infected subjects (patterned bars)
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Fig. 2 Lipid concentrations in control and DM2 subjects. a Unsaturated fatty acids (UFA) and b cholesterol were extracted from plasma samples,
separated, identified and quantified by HPLC as reported in “Materials and methods" section. No differences in UFA or cholesterol were found
between DM2 and controls, either HHV8-positive or -negative. The data are expressed as the mean concentration values 4+ SEM and significance
was calculated by ANOVA and Bonferroni post hoc tests. CTR non-diabetic control subjects, DM2 diabetic subjects, HHV8 infected subjects
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ROS cause insulin resistance in the peripheral tissues by
affecting various points in insulin receptor signal trans-
duction [37]. As a matter of fact, the production of an
unusual amount of ROS can generate systemic oxidative
stress, which can directly damage tissues or stimulate the
production of inflammatory cytokines with subsequent
cell damage and even apoptosis in pancreatic p-cells [38,
39]. Furthermore, some authors have underlined the
possibility that any factor able to induce either acute or
chronic hyperglycaemia may trigger ROS production,
which causes systemic inflammation, ER stress and dia-
betic complications [21, 40, 41]. Unfortunately, the strat-
egies to directly control hyperglycaemia, through diet
and/or specific pharmacological therapies, are not always
sufficient to avoid the occurrence of complications in dia-
betic patients, thus the control of risk factors is still the
best approach to reduce the incidence and complications
of DM2. In this scenario, the large amount of evidence of
high rate of classic KS, HHV8 genome and sero-positivity
in DM2 patients described in the last decades [7, 10, 42,
43], and also the recent findings about the possible role/
cooperation of ROS, induced by HHVS, in endothelial
dysregulation [13, 15], all support the idea that, in order
to persist in the host, HHV8 implements strategies which
can lead to chronic pathological implications [11].

In this work we observed and corroborated significant
differences in the plasma oxidative status between con-
trol and DM2 subjects, who were either positive or nega-
tive for HHV8: the MDA level significantly increased in
samples from diabetic subjects, as shown in previous
studies [27, 28], and a significant concentration of HP and
7-keto was also detected, highlighting an extended lipid
peroxidation process, triggered by ROS. Although there
are few studies related to oxysterols in DM2 [30], all of
them underline a significant increase in these products,

which are considered important biomarkers of oxidative
stress and mainly originate in the systemic circulation
during LDL oxidation [44, 45]. As expected, the level of
the antioxidant a-toc was lower in DM2 subjects com-
pared to controls, further indicating a condition of oxi-
dative stress. Simultaneous detection of lipid oxidation
products and a-toc is relevant for studying the oxidative
stress/antioxidant balance at the plasma level.
Interestingly, these biomarkers showed the same
trend when measured in the plasma of HHVS8-positive
individuals, indicating a similar condition of oxidative
stress. The level of HP, 7-keto and MDA were signifi-
cantly higher in DM2 with respect to the controls. Strik-
ingly, both the MDA and 7-keto levels showed a further
increase in HHV8-positive DM2 subjects compared
to the HHV8-negative ones, supporting the idea that
the HHV8-infection itself may contribute to oxidative
stress—confirmed by the lower a-toc found in infected
controls as compared to uninfected ones—and hence to
tissue damage [13, 15-17]. In fact, plasma lipid oxida-
tion products contribute to the endothelial cell dysfunc-
tion that characterizes the onset of atherosclerotic plaque
[46]. In particular, oxysterol 7-keto has been shown to
exhibit both pro-inflammatory and cytotoxic proper-
ties that lead to atherosclerosis. 7-keto induces a clear
inflammatory phenotype in human endothelial cells [47]
and foam cell formations [48]; it enhances the expres-
sion of the vascular endothelial growth factor (VEGF)
[49], decreases NO-induced vascular relaxation [50, 51]
and induces apoptosis in smooth muscle cells [52]. It
therefore sounds reasonable to speculate that the pres-
ence of 7-keto in HHVS8-positive patients, as in those
with DM2, may be indicative of a pro-atherogenic and
pro-inflammatory environment, which will likely lead to
the development of atherosclerosis and cardiovascular
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complications. Our results corroborate the assumption
that DM2 is associated to plasma oxidative stress [20]
and support a similar condition in HHV8-positive sub-
jects wherein the HHV8-infection, by inducing abnormal
ROS production, most probably contributes to causing
and/or maintaining a condition of oxidative stress.

Limitations
The findings reported here should be considered within
the context of the study’s limitations.

+ Although reliable methods were used, the work does
have several levels of limitation, the greatest of which
is the low number of patients and hence the sample
size tested. This fact was also due to the difficulty in
finding HHV8-positive controls.

+ Moreover, this limit is further impacted by the fact
that the samples came from a single city hospital,
which results in a variability weakness.

+ These are preliminary data focused on plasma oxida-
tive status. In a larger sample size, other plasma anti-
oxidant defences than a-toc should also be evaluated,
which could help in providing a complete picture of
plasma redox status.

Abbreviations

HHV8: Human Herpesvirus 8; KS: Kaposi's sarcoma; LANA: Latency-associated
nuclear antigen; ROS: Reactive oxygen species; DM2: Diabetes mellitus type 2;
a-Toc: a-Tocopherol; UFA: Unsaturated fatty acids; HP: Fatty acid hydroperox-
ides; 7-Keto: 7-Ketocholesterol; MDA: Malondialdehyde.

Acknowledgements
The authors thank Ms. Sally Davies for helping in manuscript preparation and
correction.

Authors’ contributions

Study design: FA, MD, Al and RP. Drafting of study protocol: FA, Al, MD and RP.
Sample collection and laboratory analysis: Al, GS, LM and FA. Statistical analysis
and interpretation of results: FA, Al, MD and RP. Drafting of the initial manu-
script: FA, MD and RP. Revision of the manuscript: FA, MD and RP. All authors
read and approved the final manuscript.

Funding

This study was funded by the Department of Biomedical Sciences, University
of Cagliari (FIR project 2016-17). The Department gave complete independ-
ence to the Research Unit for the design, collection, analysis, interpretation
of data and in writing the manuscript. The Department just required that the
study results were presented and described to the Council of Department,
and that the funding source was mentioned in the publications related to
the research project. Moreover, this work was supported by the Open Access
Publishing Fund of the University of Cagliari, with the funding of the Regione
Autonoma della Sardegna - L. R. n. 7/2007.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Page 5 of 6

Ethics approval and consent to participate

This study was carried out in keeping with the guidelines approved by

the Local Ethical Committee of the University-Hospital Society at the San
Giovanni City Hospital (AOU-EC) of Cagliari (ref. number EC47-2016). The
research implied no more than minimal risk of harm to subjects and involved
no procedures for which written consent is normally required outside of the
research context, therefore blood samples were collected after receiving
verbal informed consent from all the subjects, and anonymized before use. All
samples were collected between 2008 and 2016 at the blood donor service,
Cagliari's San Giovanni City Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 June 2019 Accepted: 3 February 2020
Published online: 13 February 2020

References

1. Ganem D. KSHV and the pathogenesis of Kaposi sarcoma: listening to
human biology and medicine. J Clin Investig. 2010;120(4):939-49.

2. Wen KW, Damania B. Kaposi sarcoma-associated herpesvirus (KSHV):
molecular biology and oncogenesis. Cancer Lett. 2010;289(2):140-50.

3. Angius F, Uda S, Piras E, Spolitu S, Ingianni A, Batetta B, et al. Neutral lipid
alterations in human herpesvirus 8-infected HUVEC cells and their pos-
sible involvement in neo-angiogenesis. BMC Microbiol. 2015;15:74.

4. Chandran B. Early events in Kaposi's sarcoma-associated herpesvirus
infection of target cells. J Virol. 2010,84(5):2188-99.

5. DelgadoT, Sanchez EL, Camarda R, Lagunoff M. Global metabolic profil-
ing of infection by an oncogenic virus: KSHY induces and requires lipo-
genesis for survival of latent infection. PLoS Pathog. 2012;8(8):e1002866.

6. Caselli E, Rizzo R, Ingianni A, Contini P, Pompei R, Di Luca D. High
prevalence of HHV8 infection and specific killer cell immunoglobulin-like
receptors allotypes in Sardinian patients with type 2 diabetes mellitus. J
Med Virol. 2014,86(10):1745-51.

7. Ingianni A, Carta F, Reina A, Manai M, Desogus A, Pompei R. Prevalence of
herpesvirus 8 infection in type 2 diabetes mellitus patients. Am J Infect
Dis. 2007;3(3):123-7.

8. Ingianni A, Madeddu MA, Carta F, Reina A, Lai C, Pompei R. Epidemiology
of human herpesvirus type 8 infection in cardiopathic patients. Online J
Biol Sci. 2009,9(2):36-9.

9. Ingianni A, Piras E, Laconi S, Angius F, Batetta B, Pompei R. Latent herpes-
virus 8 infection improves both insulin and glucose uptake in primary
endothelial cells. New Microbiol. 2013;36(3):257-65.

10. Piras E, Madeddu MA, Palmieri G, Angius F, Contini P, Pompei R, et al. High
prevalence of human herpesvirus 8 infection in diabetes type 2 patients
and detection of a new virus subtype. Adv Exp Med Biol. 2017,973:41-51.

11. Pompei R. The role of human herpesvirus 8 in diabetes mellitus
type 2: state of the art and a medical hypothesis. Adv Exp Med Biol.
2016;901:37-45.

12. Sobngwi E, Choukem SP, Agbalika F, Blondeau B, Fetita LS, Lebbe C, et al.
Ketosis-prone type 2 diabetes mellitus and human herpesvirus 8 infec-
tion in sub-saharan africans. JAMA. 2008;299(23):2770-6.

13. BotteroV, Chakraborty S, Chandran B. Reactive oxygen species are
induced by Kaposi's sarcoma-associated herpesvirus early during
primary infection of endothelial cells to promote virus entry. J Virol.
2013,;87(3):1733-49.

14. Gregory SM, Wang L, West JA, Dittmer DP, Damania B. Latent Kaposi's
sarcoma-associated herpesvirus infection of monocytes downregulates
expression of adaptive immune response costimulatory receptors and
proinflammatory cytokines. J Virol. 2012;86(7):3916-23.

15. Guilluy C, Zhang Z, Bhende PM, Sharek L, Wang L, Burridge K; et al. Latent
KSHV infection increases the vascular permeability of human endothelial
cells. Blood. 2011;118(19):5344-54.

16. Ma Q, Cavallin LE, Leung HJ, Chiozzini C, Goldschmidt-Clermont PJ, Mesri
EA. A role for virally induced reactive oxygen species in Kaposi's sarcoma
herpesvirus tumorigenesis. Antioxid Redox Signal. 2013;18(1):80-90.



Incani et al. BMC Res Notes (2020) 13:75

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

Li X, Feng J, Sun R. Oxidative stress induces reactivation of Kaposi's sar-
coma-associated herpesvirus and death of primary effusion lymphoma
cells. JVirol. 2011;85(2):715-24.

Ye F, Gao SJ. A novel role of hydrogen peroxide in Kaposi sarcoma-associ-
ated herpesvirus reactivation. Cell Cycle. 2011;10(19):3237-8.

Winter WE, Signorino MR. Diabetes mellitus: pathophysiology, etiologies,
complications, management, and laboratory evaluation—special topics
in diagnostic testing. Clin Chem. 2003;49(2):347.

Robson R, Kundur AR, Singh |. Oxidative stress biomarkers in type 2 diabe-
tes mellitus for assessment of cardiovascular disease risk. Diabetes Metab
Syndr. 2018;12(3):455-62.

Corkey BE. Banting lecture 2011: hyperinsulinemia: cause or conse-
quence? Diabetes. 2012,61(1):4-13.

Rehman K, Akash MSH. Mechanism of generation of oxidative stress and
pathophysiology of type 2 diabetes mellitus: how are they interlinked? J
Cell Biochem. 2017;118(11):3577-85.

Figueroa-Romero C, Sadidi M, Feldman EL. Mechanisms of disease: the
oxidative stress theory of diabetic neuropathy. Rev Endocr Metab Disord.
2008;9(4):301-14.

Hopps E, Noto D, Caimi G, Averna MR. A novel component of the
metabolic syndrome: the oxidative stress. Nutr Metab Cardiovasc Dis.
2010;20(1):72-7.

Steinberg D, Parthasarathy S, Carew TE, Khoo JC, Witztum JL. Beyond
cholesterol. Modifications of low-density lipoprotein that increase its
atherogenicity. N Engl J Med. 1989;320(14):915-24.

Watanabe Y, Yamaguchi T, Ishihara N, Nakamura S, Tanaka S, Oka R, et al.
7-Ketocholesterol induces ROS-mediated mRNA expression of 12-lipoxy-
genase, cyclooxygenase-2 and pro-inflammatory cytokines in human
mesangial cells: potential role in diabetic nephropathy. Prostaglandins
Other Lipid Mediat. 2018;134:16-23.

Slatter DA, Bolton CH, Bailey AJ. The importance of lipid-derived malondi-
aldehyde in diabetes mellitus. Diabetologia. 2000;43(5):550-7.

Bandeira Sde M, Guedes Gda S, da Fonseca LJ, Pires AS, Gelain DP, Moreira
JC, et al. Characterization of blood oxidative stress in type 2 diabetes mel-
litus patients: increase in lipid peroxidation and SOD activity. Oxid Med
Cell Longev. 2012;2012:819310.

Endo K, Oyama T, Saiki A, Ban N, Ohira M, Koide N, et al. Determination

of serum 7-ketocholesterol concentrations and their relationships with
coronary multiple risks in diabetes mellitus. Diabetes Res Clin Pract.
2008;80(1):63-8.

Samadi A, Gurlek A, Sendur SN, Karahan S, Akbiyik F, Lay I. Oxysterol spe-
cies: reliable markers of oxidative stress in diabetes mellitus. J Endocrinol
Investig. 2019;42(1):7-17.

Maritim AC, Sanders RA, Watkins JB 3rd. Diabetes, oxidative stress, and
antioxidants: a review. J Biochem Mol Toxicol. 2003;17(1):24-38.

WHO. Definition and diagnosis of diabetes mellitus and intermediate
hyperglycemia: report of a WHO/IDF consultation. 2006.

Angius F, Piras E, Spolitu S, Marras L, Armas SF, Ingianni A, et al. Anti-
human herpesvirus 8 antibodies affect both insulin and glucose

uptake by virus-infected human endothelial cells. J Infect Dev Ctries.
2018;12(6):485-91.

Serreli G, Incani A, Atzeri A, Angioni A, Campus M, Cauli E, et al. Anti-
oxidant effect of natural table olives phenolic extract against oxida-

tive stress and membrane damage in enterocyte-like cells. J Food Sci.
2017,82(2):380-5.

Templar J, Kon SP, Milligan TP, Newman DJ, Raftery MJ. Increased plasma
malondialdehyde levels in glomerular disease as determined by a fully
validated HPLC method. Nephrol Dial Transplant. 1999;14(4):.946-51.
Incani A, Serra G, Atzeri A, Melis MP, Serreli G, Bandino G, et al. Extra

virgin olive oil phenolic extracts counteract the pro-oxidant effect of

Page 6 of 6

dietary oxidized lipids in human intestinal cells. Food Chem Toxicol.
2016;90:171-80.

37. Hurrle S, Hsu WH. The etiology of oxidative stress in insulin resistance.
Biomed J. 2017;40(5):257-62.

38. Berchtold LA, Prause M, Storling J, Mandrup-Poulsen T. Cytokines and
pancreatic beta-cell apoptosis. Adv Clin Chem. 2016;75:99-158.

39. Kohnert KD, Freyse EJ, Salzsieder E. Glycaemic variability and pancreatic
beta-cell dysfunction. Curr Diabetes Rev. 2012;8(5):345-54.

40. Balaban RS, Nemoto S, Finkel T. Mitochondria, oxidants, and aging. Cell.
2005;120(4):483-95.

41. Nogueira-Machado JA, Chaves MM. From hyperglycemia to AGE-RAGE
interaction on the cell surface: a dangerous metabolic route for diabetic
patients. Expert Opin Ther Targets. 2008;12(7):871-82.

42. Caselli E, Fiorentini S, Amici C, Di Luca D, Caruso A, Santoro MG. Human
herpesvirus 8 acute infection of endothelial cells induces monocyte
chemoattractant protein 1-dependent capillary-like structure formation:
role of the IKK/NF-kappaB pathway. Blood. 2007;109(7):2718-26.

43. Chang PJ, Yang YH, Chen PC, Chen LW, Wang SS, Shih YJ, et al. Diabetes
and risk of Kaposi's sarcoma: effects of high glucose on reactivation
and infection of Kaposi's sarcoma-associated herpesvirus. Oncotarget.
2017;8(46):80595-611.

44. luliano L. Pathways of cholesterol oxidation via non-enzymatic mecha-
nisms. Chem Phys Lipids. 2011;164(6):457-68.

45. Vaya J, Szuchman A, Tavori H, Aluf Y. Oxysterols formation as a reflection
of biochemical pathways: summary of in vitro and in vivo studies. Chem
Phys Lipids. 2011;164(6):438-42.

46. Poli G, Sottero B, Gargiulo S, Leonarduzzi G. Cholesterol oxidation prod-
ucts in the vascular remodeling due to atherosclerosis. Mol Aspects Med.
2009;30(3):180-9.

47. Lemaire S, Lizard G, Monier S, Miguet C, Gueldry S, Volot F, et al. Different
patterns of IL-1beta secretion, adhesion molecule expression and apop-
tosis induction in human endothelial cells treated with 7alpha-, 7beta-
hydroxycholesterol, or 7-ketocholesterol. FEBS Lett. 1998;440(3):434-9.

48. Hayden JM, Brachova L, Higgins K, Obermiller L, Sevanian A, Khandrika
S, et al. Induction of monocyte differentiation and foam cell formation
in vitro by 7-ketocholesterol. J Lipid Res. 2002;43(1):26-35.

49. Dulak J, Jozkowicz A, Dichtl W, Alber H, Schwarzacher SP, Pachinger O,
et al. Vascular endothelial growth factor synthesis in vascular smooth
muscle cells is enhanced by 7-ketocholesterol and lysophosphatidylcho-
line independently of their effect on nitric oxide generation. Atheroscle-
rosis. 2001;159(2):325-32.

50. DeckertV, Duverneuil L, Poupon S, Monier S, Le Guern N, Lizard G, et al.
The impairment of endothelium-dependent arterial relaxation by 7-keto-
cholesterol is associated with an early activation of protein kinase C. Br J
Pharmacol. 2002;137(5):655-62.

51. Sung SC, Kim K, Lee KA, Choi KH, Kim SM, Son YH, et al. 7-Ketocholesterol
upregulates interleukin-6 via mechanisms that are distinct from those of
tumor necrosis factor-alpha, in vascular smooth muscle cells. J Vasc Res.
2009;46(1):36-44.

52. Nishio E, Watanabe Y. Oxysterols induced apoptosis in cultured smooth
muscle cells through CPP32 protease activation and bcl-2 protein down-
regulation. Biochem Biophys Res Commun. 1996;226(3):928-34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Human Herpesvirus 8 infection may contribute to oxidative stress in diabetes type 2 patients
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Serological analysis
	Characterization of the oxidative status

	Statistics
	Results
	Discussion

	Limitations
	Acknowledgements
	References




