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Abstract In this retrospective case-control study, we com-
pared the number of circulating lymphocyte subsets among
31 healthy controls, 18 naïve and 40 antiretroviral-treated
HIV patients, 28 untreated and 18 treated relapsing-remitting
multiple sclerosis (MS) patients. Lymphocyte subsets were no
different between untreated MS patients and controls.
Untreated and treated MS had a lower CD8+ count and a
higher CD4+ number compared to untreated and treated
HIV patients except similar CD4+ number between treated
MS and HIV patients. CD4/CD8 ratio was lower in female
HIV non-responders and in relapsing MS women compared,
respectively, to female HIV responders and remitting MS
women, and there were no differences in men.
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Introduction

Human immunodeficiency virus (HIV) infection has been re-
ported to decrease the risk of developing multiple sclerosis
(MS) (Gold et al. 2015). HIV-related immunodepression and
highly active antiretroviral treatment (HAART) have been ad-
vocated as possible determinants to explain this negative as-
sociation. Furthermore, these diseases show opposite gender
prevalence since HIV infection is more frequent in men while
MS mainly affects women.

HIV infection is characterized by progressive CD4+ T lym-
phocyte loss leading to the development of opportunistic in-
fections, cancers and death in untreated patients. CD8+ cells
contribute to establishing viral control due to their remarkable
survival and expansion capacity (Chakrabarti and Simon
2010; Poropatich and Sullivan 2011). MS is considered a
CD4+ Th1/Th17-mediated inflammatory disease, but an im-
portant role of both CD8+ T (Frisullo et al. 2011) and CD19+
B cells (Cross and Waubant 2011) has been demonstrated.
Finally, innate immunity and in particular natural killer (NK)
cells are involved in the pathogenesis of both MS and HIV
infection (Schleinitz et al. 2010; Altfeld et al. 2011).

This is a retrospective case-control study comparing the
number of circulating CD4+, CD8+, CD19+ and NK lympho-
cytes among patient groups with a different immunocompetent
status—naive HIV, treated HIV, treated MS and untreated
MS—and healthy controls. We also compared lymphocyte
subpopulations between males and females within every group
and evaluated the correlations of each lymphocyte subset num-
ber with participant’s demographic and clinical features. Since
a decrease in CD4+ count is a main feature of untreated HIV,
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we hypothesized that a low CD4+ cell number may be deter-
minant in the reported decreasing HIVeffect on MS risk.

Materials and methods

Participants

We retrospectively included 58 consecutive HIV and 46
relapsing-remitting MS patients (Polman et al. 2011) that we
followed at our clinic and 31 healthy controls (workers) with
similar demographic features selected from our laboratory da-
tabase. We excluded subjects affected by cancer, other infec-
tious, inflammatory or immune system pathologies, and those
treated with corticosteroids or immunosuppressive drugs dur-
ing the prior 3 months. All patients and controls freely gave
their informed consent. The study was approved by the IFO
Ethics Committee.

Analysis of peripheral blood mononuclear cells

The analysis of immune cell subsets in peripheral blood was
performed by flow cytometry using a six-colour (CD45/CD3/
CD4/CD8; CD45/CD3/CD19/CD16-56) single platform im-
mune staining kit (TBNK reagent and Trucount tubes,
FACSCalibur; BD Biosciences, San Jose, CA, USA).

HIV viral load

Viral load was estimated with real-time polymerase chain re-
action (PCR) testing that uses the COBAS® AmpliPrep
Instrument to automate sample processing and the
COBAS® TaqMan® Analyzer to automate amplification
and detection (Roche Diagnostics GmbH, Manheim,
Germany). The assay can quantitate HIV-1 RNA over a range
of 20–10,000,000 copies/mL, and the result was described as
the number of copies of HIV RNA per millilitre (ml). If the
viral load was below the lower detectable limit of
20 copies/ml, the HIV patient was considered a Bvirologic
responder^; if the viral load was over the 20 copies/ml, the
patient was considered a Bvirologic non-responder .̂

Statistical analysis

Descriptive variables were defined as means ± standard devi-
ation (SD). Statistical analysis was performed by Student’s t
test or one-way analysis of variance (ANOVA). If the
ANOVA showed a statistical difference between subgroups,
a post hoc analysis using Bonferroni correction for multiple
comparisons was performed. Correlations were estimated by
Pearson’s coefficient (p < 0.05). Level of significance was set
at p ≤ 0.05 (SPSS version 20.0, SPSS Inc., Chicago, IL, USA).

Results

Demographic, clinical characteristics and immunological data
of whole groups of healthy controls, MS and HIV patients are
summarized in Table 1. Women were prevalent in MS group
and men in HIV group according to a typical female/male
ratio in these two diseases.

Comparisons of circulating CD4+, CD8+, CD19+ and NK
cells numbers among participant’s groups

As expected, both CD4+ cell count and CD4/CD8 ratio were
lower while CD8+ cell number was higher in HIV patients
compared toMS patients and controls. NK cells were lower in
MS patients compared to controls (Table 1).

Eighteen HIV patients were naïve-untreated, and 40 were
HAART-treated including 24 virologic responders and 16
non-responders. Twenty-eight MS patients (15 remitting and
13 relapsing) were untreated, and 18 patients (8 remitting and
10 relapsing) were treated with immunomodulatory drugs
such as interferon-β and glatiramer acetate. The majority of
remitting and relapsing MS patients were moderately disabled
as measured by Expanded Disability Status Scale [median
(range) 2.0 (1.0–5.5) and 3.0 (1.5–6.5), respectively].

Untreated HIV patients had a higher CD8+ cell number
and both a lower CD4+ cell number and CD4/CD8 ratio
(p < 0.0001) compared to controls (Table 2 and Fig. 1).
HAART-treated HIV patients had a higher CD8+ cell num-
ber and a lower CD4/CD8 ratio (p < 0.0001) compared ei-
ther to controls, treated and untreated MS groups and a
higher CD4+ number with respect to untreated HIV patients
and a higher NK cell number compared to treated MS
patients.

Untreated MS patients had no significant difference in the
number of all lymphocytes subsets compared to controls
(Table 2 and Fig. 1). They had a higher number of CD4+
and CD19+ cells, a higher CD4/CD8 ratio (p < 0.0001) and
a lower number of CD8+ cells as compared to untreated HIV
patients. Treated MS patients showed a lower number of
CD4+, CD8+ and NK lymphocytes compared to those un-
treated as well as compared to controls.

There were no differences in the number of circulating
lymphocytes or CD4/CD8 ratio between remitting and relaps-
ing MS patients as well as between HIV responders and non-
responders.

There was no significant difference for each lymphocyte
subset between females and males within the groups of con-
trols, treated and untreated HIVand treated and untreated MS
patients. However, a CD4+ cell number was no significantly
higher in women compared to men in every group except HIV
non-responders, in which it was no significantly higher in
men.
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Female HIV responders compared to non-responders had a
lower number of circulating CD8+ cells (number ± SD 668
± 94 vs. 1166 ± 93 cells/ml, p = 0.004) and a higher CD4/CD8
ratio (1.3 ± 0.2 vs. 0.4 ± 0.1, p = 0.002). No significant differ-
ence in lymphocyte subset or CD4/CD8 ratio was found be-
tween responders and non-responders men.

There was a lower CD4/CD8 ratio in relapsing compared to
remitting women (1.8 ± 0.6 vs. 2.3 ± 0.6, p = 0.02) and no sig-
nificant differences between relapsing and remitting men.

Correlations between CD4+, CD8+, CD19+, NK cell
number and demographic and clinical characteristics
of participants

We found a positive correlation between NK cells number and
age of treated HIV patients (p = 0.007 Rho 0.421). In treated
MS patients, disease duration positively correlated with NK
cells number (p = 0.02, Rho 0.551). In remitting MS patients,
disease duration negatively correlated with CD4+ and CD19+

cell number (p = 0.049 Rho −0.415 and p = 0.03 Rho −0.446,
respectively).

Discussion

We compared the number of circulating lymphocyte subsets
among groups of HIV and MS patients with a different im-
mune status—naive HIV, treated HIV, treated MS and untreat-
ed MS—and the healthy controls assuming that the partial
immune recovery of treated HIV patients could be closer to
relative immunosuppression of treated MS patients whereas
the immunosuppressive condition of naive HIV patients may
be more different from the immune status of untreated MS.
Indeed, our treated MS patients showed a reduced number of
CD4+, CD8+ and NK lymphocytes compared to those
untreated.

As expected, the mean number of CD4+ lymphocytes was
similar between treated MS and HIV patients but differed
between untreated HIV and MS patients. The number of

Table 1 Demographic and clinical characteristics, circulating lymphocyte subset number of participant’s groups

Variable Healthy controls n = 31 MS patients n = 46 HIV patients n = 58 p value a p value b p value c

Females/males 18/13 36/10 6/52 NS <0.0001 <0.0001

Age years (mean ± SD) 45.9 ± 9.8 43.0 ± 11.1 43.6 ± 11.8 NS NS NS

Disease duration months (mean ± SD) NA 126.1 ± 81.5 96.7 ± 80.8 NA NA NS

CD4 cells/ml (mean ± SD) 870 ± 242 768 ± 405 619 ± 269 NS 0.002 0.05

CD8 cells/ml (mean ± SD) 538 ± 236 392 ± 199 925 ± 374 NS <0.0001 <0.0001

CD19 cells/ml (mean ± SD) 206 ± 88 243 ± 126 212 ± 117 NS NS NS

CD4/CD8 ratio (mean ± SD) 1.8 ± 0.6 2.1 ± 0.8 0.8 ± 0.4 NS <0.0001 <0.0001

NK cells/ml (mean ± SD) 251 ± 85 185 ± 102 225 ± 116 0.01 NS NS

The differences between the groups were analyzed using chi-square test for categorical variables and Student’s t test for quantitative items

MS multiple sclerosis, HIV human immunodeficiency virus, SD standard deviation, NA not applicable, NS not significant, NK natural killer
a p value represents differences between MS patients and healthy controls
b p value represents differences between HIV patients and healthy controls
c p value represents differences between the MS and HIV patients

Table 2 Circulating lymphocyte
subsets number of MS treated and
untreated patients, HIV treated
and untreated patients and healthy
controls

Variable Healthy controls
n = 31

MS patients n = 46 HIV patients n = 58

Treated

n = 18

Untreated

n = 28

Treated

n = 40

Untreated

n = 18

CD3 cells/ml (mean ± SD) 1464 ± 382 940 ± 443 1286 ± 563 1688 ± 488 1394 ± 525

CD4 cells/ml (mean ± SD) 870 ± 242 612 ± 298 868 ± 437 699 ± 259 440 ± 200

CD8 cells/ml (mean ± SD) 538 ± 236 310 ± 165 445 ± 203 940 ± 356 890 ± 419

CD19 cells/ml (mean ± SD) 206 ± 88 226 ± 108 253 ± 137 236 ± 122 157 ± 85

CD4/CD8 ratio (mean ± SD) 1.8 ± 0.6 2.2 ± 0.9 2.0 ± 0.7 0.8 ± 0.4 0.6 ± 0.4

NK cells/ml (mean ± SD) 251 ± 85 133 ± 57 218 ± 111 229 ± 111 215 ± 130

MS multiple sclerosis, HIV human immunodeficiency virus, SD standard deviation, NK natural killer
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CD19+ lymphocytes had a similar trend of CD4+ lympho-
cytes. Conversely, a reduction of both CD8+ and NK cell
number was found only in treated MS subgroup compared
to all the others, likely reflecting the effect of the therapy.

From these data, we can hypothesize that CD4+ cells play a
major role in decreasing the risk of MS in HIV patients.
Previous papers have reported that the patients with a co-
diagnosis of HIV and MS have usually normal CD4+ cell
count or at least not less than 500 cells/mm (González-
Duarte et al. 2011; Chin 2015), which usually occurs on
HAART. Other works have describedMS-like disorder started
in the initial phase of HIV infection when the immune re-
sponse is still preserved (Delgado et al. 2014).

The timing of HIV and MS co-diagnosis fully reflects a
staging of association between HIV and autoimmune disor-
ders related to the total CD4+ count as proposed by
Zandman-Goddard and Shoenfeld (Zandman-Goddard and
Shoenfeld 2002). During the initial acute HIV infection, auto-
immune diseases may occur. This possibility is less frequent
during the Bquiescent period^, characterized by a declining
CD4+ count, and during the following stage, characterized
by an immunosuppressive status with AIDS development,
low CD4+ count and CD8+ cells predominance. During
HAART, there is a restoration of immune competence and
autoimmune diseases occur again.

It has been proposed that rapid immune reconstitution after
the early phase of potent HAART regimens may be

determinant in development of a substantial number of pro-
gressive multifocal leukoencephalopathy (PML) cases and as-
sociated with their poor outcome (Cinque et al. 2003).
Likewise, occasional contrast-enhancing MRI lesions in
asymptomatic patients diagnosed as PML-unrelated
leukoencephalopathy have been also observed after a few
weeks of HAART (Cinque et al. 2003). Two pathological
reactions associated with the immune reconstitution in PML
have been also reported in the same patient: active inflamma-
tory lesions with abundant JC virus and acute perivenous
leukoencephalitis devoid of JC virus (Vendrely et al. 2005).

Since there is opposite gender prevalence in MS and HIV,
we compared the lymphocyte subsets between females and
males in each group. In the healthy subjects, a higher CD4+
cell count and a lower NK cell count were previously showed
in females compared to males under or equal to 50 years
(Jentsch-Ullrich et al. 2005), and a significantly higher CD4/
CD8 ratio was found in adult females than males (Valiathan
et al. 2014). In our study, CD4+ cell count was higher in
women compared to men in all participant groups (except
HIV non-responders); however, this difference did not reach
the significance, probably due to the small sample size.
Conversely, despite the scarce number of HIV female patients,
there was a remarkable difference in the CD4/CD8 ratio be-
tween female responders and non-responders. Similarly, CD4/
CD8 ratio was higher in remitting compared to relapsing MS
females. These results may reflect greater immune changes in

Fig. 1 Comparisons of
lymphocyte subsets number
(cells/mmc) between healthy
controls, HIV-infected naive and
treated patients, multiple sclerosis
treated and untreated patients. p
value refers to Student’s t test.MS
multiple sclerosis, HIV human
immunodeficiency virus, CTRLs
healthy controls, NK natural killer
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females than in males, possibly due to their hormone fluctua-
tions, which would predispose them during childbearing age
to relapsing-remitting autoimmune diseases. Our data also
suggest that women fail to control viral replication only during
the severe stages of adaptive immunity depression, character-
ized by considerable decrease of both CD4+ cells and CD4/
CD8 ratio. The low female prevalence in HIV infection could
not be due only to epidemiological reasons but also to their
immune characteristics.

Finally, we found that NK cells correlate with either age in
treated HIV patients and with disease duration in treated MS
patients. The positive correlation between NK cells and age in
our HIV patients confirms the previous data on expansion of
functionally anergic NK cells described since the early phases
of HIV infection (Alter et al. 2005; Mavilio et al. 2005).
Similarly, the positive correlation between disease duration
and NK cells in treated MS patients could be due to a progres-
sive expansion of functionally impaired NK cells. A remark-
able impairment of NK functional activity has been previously
reported in MS (Morandi et al. 2008). Moreover, the negative
correlation between disease duration and both CD4+ and
CD19+ cell number in remitting patients possibly reflect a pro-
gressive adaptive immunity decline over disease course, which
in part may be influenced by immunomodulatory therapy.

In conclusion, our study demonstrates that the reported
decreasing effect of HIV infection on MS development is
likely determined by the immunosuppressive status during
HIV infection, characterized by a low CD4+ count and it is
also influenced by the gender.
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