SCIENTIFIC
AC\ |
Journal of AIDS and HIV Treatment Research Article

Plasma Levels of Secretory Calreticulin among HIV Infected
Patients in Bauchi State

J AIDS HIV Treat. 2023;5(1):1-8.

Ahmed Musab’?, Ibrahim Yazid Gobir?, Yahaya Zakari’, Auwal Idris Kabuga®, Lawal Dahiru Rogo®
!Standards and Quality Assurance Department, National Health Insurance Scheme - Nigeria

*Department of Medical Laboratory Science, Faculty of Allied Health Sciences, College of Health Sciences, Bayero University,
Kano. PM.B.3011, Kano - Nigeria

*Departments of Statistics, Ahmadu Bello University, Zaria - Nigeria

*Department of Medical Microbiology and Parasitology, Faculty of Clinical Sciences, College of Health Sciences, Bayero
University, Kano. PM.B.3011, Kano - Nigeria

"Correspondence should be addressed to Lawal Dahiru Rogo, ldrogo.med@buk.edu.ng, lawaldahirurogo@yahoo.com
Received date: August 19, 2021, Accepted date: October 11, 2022

Citation: Musab A, Gobir IY, Zakari Y, Kabuga AI, Rogo LD. Plasma Levels of Secretory Calreticulin among HIV Infected
Patients in Bauchi State. ] AIDS HIV Treat. 2023;5(1):1-8.

Copyright: © 2023 Musab A, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

Abstract

Objectives: Humanimmunodeficiency virus (HIV) is a lentivirus that causes HIV infection and over time acquired immunodeficiency syndrome.
The objective was to evaluate plasma levels of Calreticulin (CALR) in HIV positive and negative individuals.

Methods: A total of 164 participants were recruited and divided into four groups according to their viral load after estimation and individuals
recruited as controls. Viral load was estimated in 1.1 ml of plasma according to manufacturers (COBAS Tagman HIV-1 Quantitative Test, v2.0,
Roche Diagnostic GmbH, Germany). Plasma levels of CALR were analysed using ELISA (ELISA-Biotuva Life Sciences, UK).

Results: Result revealed a significant difference (p = 0.00) between the CALR levels of individuals with low viral load and individuals with
unsuppressed viral load, suppressed viral load, and controls. A significantly (p = 0.017) higher plasma CALR in individuals with unsuppressed
viral load compared to those with suppressed viral load was found. No differences between plasma CALR levels of individuals with
unsuppressed viral load and that of controls.

Conclusion: Our study showed up regulation of plasma CALR in HIV-infected patients on long term antiretroviral therapy. We believe and
from existing literature this up regulation is due partly if not solely to the oxidative stress and endoplasmic reticulum stress caused by the
antiretroviral agents.

Keywords: Plasma, Secretary Calreticulin, Calcium-Binding Molecular Chaperone Protein, HIV Infected Patients, Viral Load, Oxidative Stress,
Lentivirus, Bauchi State

Introduction

The human immunodeficiency virus (HIV) is a lentivirus (a
subgroup of retrovirus) that causes HIV infection and over
time acquired immunodeficiency syndrome [1]. HIV infects
vital cells in the human immune system such as helper T cells
(specifically CD4+ T cells), macrophages, and dendritic cells
[2]. HIV infection leads to low levels of CD4+ T cells through
several mechanisms, including pyroptosis of abortively

infected T cells [3], apoptosis of uninfected bystander cells, the
direct viral killing of infected cells, and killing of infected CD4+
T cells by CD8 cytotoxic lymphocytes that recognize infected
cells [4,5].

Calreticulin (CALR) is a calcium-binding molecular chaperone
protein that resides mainly in the endoplasmic reticulum
(ER) [6] but is also found in other cell compartments [7]. Its
major function is to bind, buffer and control intracellular
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calcium levels but it also decides the intracellular fate of
almost all proteins and mRNAs by binding to and regulating
their functions [8,9]. It is increasingly becoming evident that
CALR has numerous functions and identification of all of
these is becoming a nightmare for researchers [9]. The study
of functions of CALR for a long time was restricted to the
study of its role in calcium signaling in the control of cellular
responses to stress, however, it has been identified that CALR
also interacts with many ER proteins and associates with
numerous newly synthesized glycoproteins as they enter
the secretory pathway and as well as interact with mRNA,
invariably determining their fate [10].

There is substantial evidence that HIV infection triggers
oxidative stress and induces mitochondrial dysfunction [11].
HIV infection has been associated with excessive production
of reactive oxygen species causing oxidative stress which has
been linked to an increased rate of viral replication [12].

The presence of oxidative species challenges the cellular
systems [13]. It, therefore, becomes imperative to find out
other possible causes of immune pathologies related to HIV
infection for possible improvement in clinical management
and prognosis. CALR becomes a top choice of protein to study
because of the recent findings associating it with cellular stress
and those linking it to pathologies in various viral, parasitic,
and bacterial infections as well as in cancers [9,10].

Materials and Methods
Study area

Samples for this research were collected in Bauchi, Bauchi
State, Nigeria. Viral load analysis was carried out at the Jos
University Teaching Hospital, Plateau State, Nigeria, and
Calreticulin analysis was carried out at the Federal Medical
Centre, Bida, Niger State, Nigeria.

Study design

A cross-sectional study on HIV-positive individuals with
suppressed and unsuppressed viral loads attending ART
clinics of Infectious Disease Hospital (IDH), Bayara, PHC Urban
Maternity, and Bauchi State Specialist Hospital all in Bauchi,
Bauchi State, Nigeria.

Study population

The study population for this research was HIV-positive
individuals attending the ART clinics of the selected hospitals
in Bauchi. The control population was apparently healthy
individuals who consented to participate in the study.

Inclusion criteria

The study includes HIV positive individuals and apparently
healthy HIV negative individuals.

Exclusion criteria

The study excluded HIV positive individuals with other
clinical conditions (such as diabetes, rheumatoid arthritis,
cancer, HBV, HCV) and HIV positive and negative individuals
who do not consent to participate.

Ethical considerations

Ethical approval to conduct the research was sought from
the Research Ethics committee of the Bauchi State Ministry
of Health. All procedures were carried out according to the
principles of the Declaration of Helsinki. Written informed
consent was obtained from each participant.

Clinical samples

Peripheral blood (5 ml) was collected into EDTA bottles from
HIV-positive and negative individuals who consent to the study
and met the inclusion criteria. Plasma was used for HIV rapid
screening of apparently healthy individuals. Plasma was used
for the estimation of viral load levels and the measurement of
plasma CALR.

HIV rapid screening

The screening of participants with supposedly HIV-negative
status was carried out using the National algorithmic approach
using the HIV Determine, Unigold, and Statpak kits.

Viral load estimation

Viral load was estimated in 1.1 ml of plasma using methods
prescribed by the reagent manufacturers (COBAS AmpliPrep/
COBASTagman HIV-1 Quantitative Test, v2.0, Roche Diagnostic
GmbH, Germany).

Measurement of plasma levels of CALR

Plasma levels of CALR were analyzed using Enzyme-linked
immunosorbent assay (ELISA) from Biotuva Life Sciences, UK.

Statistical analysis

Data generated from the study was analyzed using the
statistical package for social sciences (SPSS) version 23.
Descriptive statistics was used to summarize categorical data,
and one-way ANOVA with Bonferroni post hoc analysis was
used to determine the mean differences between groups with
confidence interval at 95%. Pearson correlation analysis was
carried out to determine the association between Calreticulin
levels across groups.

Results
Participants demographics

Gender and Age distribution of study participants across the
groups: A total of 164 participants (41.5% males and 58.5%
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females) were recruited for the study with ages are fairly
distributed between 10 and 72 years (9.15% of participants in
the age bracket 10-19, 15.85% between 20-29, 31.7% between
30-39, 23.78% between 40-49, 11.59% between 50-59 and
7.93% of participants 60 years and above).

Ethnic group distribution of study participants across the
groups was shown in Figure 1. Hausa/Fulani with highest
percentage of 21%; followed by Sayawa with 19%; Jarawa,

Yoruba and Igbo with 14% each; Warjawa 9% and others 9%.
HIV viral load estimation

A graphical representation of the viral load levels of
participants in group 1 (Unsuppressed viral load group) is
shown in Figure 2. The highest viral load level in group 1 is
1,200,000 cp/ml and the lowest is 1,838 cp/ml. Figure 3 is a
graphical representation of the viral load levels of participants

Figure 1. Ethnic group distribution of study participants across the groups.

B HAUSA/FULANI
B WARJAWA
B IGBO
SAYAWA
B YORUBA
m JARAWA

B OTHERS

1400000

1200000

1000000

800000

600000

400000

200000

i 3 5 7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Figure 2. Graphical representation of the viral load levels of participants in group 1.

J AIDS HIV Treat. 2023
Volume 5, Issue 1



Musab A, Gobir 1Y, Zakari Y, Kabuga Al, Rogo LD. Plasma Levels of Secretory Calreticulin among HIV Infected

Patients in Bauchi State. ] AIDS HIV Treat. 2023;5(1):1-8.

1000
900
800
700
600
500
400
300
200
100

1 3 5 7 9

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

Figure 3. Graphical representation of the viral load levels of participants in group 2.

in group 2 (Suppressed viral load group) with the highest
viral load level at 920 cp/ml and the lowest 54 cp/ml. Figure
4 shows viral load levels of participants in group 3 (Low viral
load group) with the highest viral load level in the group at 40
cp/ml and the lowest 20 cp/ml.

Plasma calreticulin estimation

The line graph (Figure 5) summarizes the plasma CALR
values for groups 1, 2, 3, and 4. The mean plasma CALR level of
group 1 was found to be 0.328 + 0.024, 0.389 + 0.038 for group
2,0.854 + 0.174 for group 3 and 0.339 + 0.030 for group 4.

The mean differences and level of significance of the
differences between the plasma calreticulin levels across
all groups, using one-way ANOVA with Bonferroni post hoc
analysis is shown in Table 1. The result indicated a significant
difference between plasma CALR of groups 1and 2 (p=0.017),
between groups 1 and 3 (p = 0.00), between groups 2 and 3
(p = 0.00) and between groups 3 and 4 (p = 0.00). However,
no significant differences were found between plasma CALR
levels of group 1 and 4 (p = 1.00) and groups 2 and 4 (p = 0.85).

Pearson correlation analysis between the plasma Calreticulin
levels across all groups is shown in Table 2. The result indicated
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Figure 4. Viral load levels of participants in group 3 (Low viral load group) with the highest viral load level in the group at 40 cp/ml and the
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Figure 5. Plasma CALR values for groups 1, 2, 3, and 4.

Table 1. Mean Differences and Level of Significance of Differences between the Plasma Calreticulin Levels across all Groups.

GROUPS CALR P-VALUE
Group 1 0.328 £ 0.024

0.017
Group 2 0.389 £ 0.038
Group 1 0.328 £ 0.024

0.00
Group 3 0.854+£0.174
Group 1 0.328 £0.024

1.00
Group 4 0.339+0.030
Group 2 0.389 + 0.038

0.00
Group 3 0.854+£0.174
Group 2 0.389 £ 0.038

0.85
Group 4 0.339+£0.030
Group 3 0.854+£0.174

0.00
Group 4 0.339+0.030

Values are of mean + SEM

Table 2. Correlations between plasma Calreticulin levels of group 1, group 2, group 3 and group 4.

GROUP 1 GROUP 2 GROUP 3 GROUP 4
GROUP 1 Pearson Correlation | 1 -0.039 -0.119 -0.020
P-value 0.810 0.460 0.899
N 41 41 41 41
GROUP 2 Pearson Correlation | -0.039 1 0.061 0.124
P-value 0.810 0.705 0.438
N 41 41 41 41
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GROUP 3 Pearson Correlation | -0.119 0.061 1 0.062
P-value 0.460 0.705 0.702
N 41 41 41 41
GROUP 4 Pearson Correlation | -0.020 0.124 0.062 1
P-value 0.899 0.438 0.702
N 41 41 41 41

no significant correlation between plasma CALR from group 1
and plasma CALR from group 2 (r=-0.039, p = 0.810), between
plasma CALR of group 1 and group 3 (r =-0.119, p = 0.460),
between plasma CALR of group 1 and group 4 (r = -0.20, p
= 0.89). No significant correlations were also found between
plasma CALR of group 2 and group 3 (r = 0.061, p = 0.705),
groups 2 and group 4 (r = 0.124, p = 0.438), and between
groups 3 and 4 (r=0.062, p =0.702).

Discussions

In the current study, the effect of viral load levels in HIV-
infected persons on plasma CALR levels was examined. The
result of the study shows that plasma Calreticulin levels vary
between individuals with different viral loads.

Of all the participants in the study, 58.5% were females and
41.5% were males. This relative bias towards the feminine
gender has been explained by several researches that majorly
found that women are more infected with HIV than their
male counterparts who are exacerbated by their role in the
society and biological vulnerability. Magadi [14] in a research
on gender disparity in HIV infection across countries in sub-
Saharan Africa found that women have about 60% more risk
of being infected with HIV than men of similar sexual behavior,
thereby suggesting that the observed differences cannot be
attributed to sexual behavior. In a similar study published
by UNAIDS [15], survey data suggest that HIV prevalence
among women aged 20-29 years is higher than that among
men of the same age group in all countries in western and
central Africa and between five and nine times higher in some
countries, including Coéte d’Ivoire, the Gambia and Ghana.
However, by the time they are 40—49 years old, men have
similar HIV prevalence [15].

In our study, participants were fairly distributed among
all age groups but with a concentration in the 20-29, 30-
39 and 40-49 age brackets with 15.85%, 31.7% and 23.78%
respectively with the highest of the remaining age groups
being just 11.59% for 50-59 years. This could be attributed
to factors that include but not limited to poverty, child
marriage, and gender-based violence. Our findings are not so
different from other researches on the age distribution of HIV
infection including those of Risher et al. [16] and Awoyemi and
Olusegun [17]. Awoyemi and Olusegun [17] in their study on
HIV epidemiology in Nigeria found that the prevalence of HIV/
AIDS is highest in the 35-39- and 40-44-years age groups.

In our study, HIV-positive individuals with suppressed,
unsuppressed and low viral loads as well as HIV-negative
persons were recruited for the study. Unsuppressed viral
load (>1000 cp/ml) in patients on antiretroviral (ARV) therapy
occurs when treatment fails to suppress a patient’s viral load
[18] or when an HIV infected individual does not take ARVs at
all. Both of which are associated with decreased survival and
increased HIV transmission [18]. In our study, recently infected
HIV patients (41) with unsuppressed viral loads who are yet
to commence treatment were recruited with the highest viral
load at 1,200,000 cp/ml.

Individual-level viral load is the recommended measure
of antiretroviral therapy efficacy and indicates treatment
adherence and the risk of transmitting HIV [19]. A viral load
threshold of <1000 copies/mL is defined as viral suppression
and <40 is tagged as undetectable levels - these define
treatment success according to the WHO [19] consolidated
guidelines on the use of antiretroviral drugs for treating
and preventing HIV infection. People with viral load test
results below the threshold should be considered as having
suppressed viral loads or undetectable viral loads as the case
may be. Our study recruited 41 HIV-positive patients with
suppressed viral load with the highest viral load at 920 cp/ml
and 41 HIV-positive patients with undetectable levels with the
highest viral load at 40 cp/ml for evaluation of their plasma
CALR levels.

In our evaluation of the plasma Calreticulin levels in
individuals with unsuppressed viral load, suppressed viral
load, low viral load, and HIV negative controls, we found a
significantly higher (P = 0.00) plasma Calreticulin levels in
individuals with low viral load when compared to the mean
values of CALR for other three groups. This finding could be
due to increased oxidative stress and ER stress that has been
attributed to be associated with long-term HIV infection [20].
It is generally acknowledged that reactive oxygen species
(ROS) play crucial roles in a variety of natural processes in
cells. If increased to levels that cannot be neutralized by the
defense mechanisms, they damage biological molecules, alter
their functions, and also act as a signaling molecules thus
generating a spectrum of pathologies [20].

The role of oxidative stress in disease progression shows that
it is more complex in HIV-infected individuals receiving HAART
compared to those who remain untreated [14]. Our findings of
higher CALR levels in the group that has been more exposed
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to ARVs and hence with a higher possibility of oxidative
stress is in corroboration with studies of lhara et al. [21], and
Zhang et al.[22], who independently found increased levels of
Calreticulin in cells with H,O, induced oxidative stress. When
cells are exposed to oxidative stress, CALR increase in a time-
dependent manner before 2hours of phosphatidylserine
exposure [22]. CALR exposure is so rapid that it is detectable
as early as 1 hour after cell exposure to oxidative stress, and
it precedes the apoptosis-associated phosphatidylserine [23].
Therefore, as an oxidative stress-specific danger signal, CALR
expression may occur upstream of apoptosis in cells. The up
regulation of CALR in oxidative stress and ER stress is supported
by other findings, showing that CALR over expressing cells are
more prone to apoptosis than CALR deficient cells [24]. Our
finding is also in agreement with the findings of Keep et al. [25]
and Bezu et al. [26] who found increased levels of Calreticulin
in the presence of ER stress.

Notably, increased levels of plasma CALR in individuals
with low viral load could also be due to the negative effect
CALR has on the regulation of the cellular response to stress.
CALR induces nuclear GR export, thereby switching off the
activation of the stress-responsive genes which makes cells
susceptible to novel ligand activation [27,28]. This finding is
supported by the reports of Yang et al. [29] who generated
an ER stress murine model via intraperitoneal administration
of an ER stress inducer, tunicamycin and determined
the hepatic expression of Calreticulin. As expected, the
livers of tunicamycin-treated mice showed significantly
increased levels of Glucose Regulated Protein 78 (GRP78),
a representative marker of ER stress, compared with control
individuals. The protein expression of hepatic Calreticulin was
increased in tunicamycin-treated mice. Consistent with these
findings, Calreticulin was dose-dependently up-regulated
in Hela cells treated with tunicamycin and another ER stress
inducer, thapsigargin. Notably, the induction of ER stress by
tunicamycin or thapsigargin was evidenced by the induction
of GRP78, C/EBP-Homologous Protein (CHOP), and X-box
Binding Protein 1 (XBP1).

Furthermore, we found a significant difference (p = 0.017)
between the mean plasma CALR of the virally unsuppressed
group and the virally suppressed group. The difference could
also be attributed to HAART-induced oxidative stress due
to long-term ARV medication that gave such patients viral
suppression. The mechanism for this is as explained earlier.

The insignificant difference (p = 1.00) between the mean
plasma CALR levels of the unsuppressed group and that of the
control can be attributed to the non-use of ARV by individuals
in the two groups which relates to reduced oxidative stress and
ER stress, hence low levels of CALR.This is in corroboration with
a report that concluded that CALR levels are altered by ARV
usage due to ARV-induced stress of the ER in the test group
but not in the control group [30]. Long-term ARV drugs trigger
adverse side effects and toxicities, including, but not limited to,
alterations in lipid and protein metabolism, insulin resistance,

mitochondrial toxicity, oxidative stress, and neuronal damage
[30]. Taken together, HIV-1-associated inflammation and ART
lead to ER stress and activation of unfolded protein response
(UPR) signaling in cells [30]. Weib et al. [31] found that the ARV
Efavirenz is associated with an increase in oxidative stress
markers, ER stress markers, and autophagy. Induction of ER
stress occurred at pharmacologically relevant concentrations
of efavirenz and resulted in reduced proliferation and cell
viability of endothelial cells, which worsened in the presence
of elevated efavirenz concentrations. In combination with the
HIV protease inhibitor nelfinavir, both oxidative stress and ER
stress became elevated in endothelial cells.

Conclusion and Recommendations

Our study highlights that there is up regulation of plasma
CALR in HIV-infected patients, particularly those that have
been on antiretroviral therapy for a long term. We believe and
from existing literature that this up regulation is due partly if
not solely to the oxidative stress and ER stress caused by the
antiretroviral agents. Further studies are recommended for a
better understanding of the effect of antiretroviral therapy
on oxidative stress and ER stress which will be critical to
curbing CALR level anomalies and possible gene mutations.
Similar studies with more participants spanning across a wider
population and or use of animal models and tissue and cell
culture techniques are recommended for better statistical
judgments and for more variables to be considered and easily
manipulated.
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