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Abstract

Background: HIV which targets the immune system leads to immunosuppression and thus the occurrence of several oppor-
tunistic diseases with tuberculosis being the first and deadliest one. This leads to a high rate of co-infection and deaths

worldwide. Despite the different diagnostic methods recommended by the WHO for the diagnosis of this co-infection state,
possible errors in the individual diagnostic and lack of unique diagnostic methods of the co-infection state remain the princi-
pal causes of the high death rate worldwide. Facing this challenge, the research of novel specific biomarkers for HIV Tuber-
culosis co-infection for this diagnosis remains urgent. The molecular basis for pathogen synergy that can be used to diag-

nose HIV-TB coinfection, however, is not clearly defined. Researchers have directed this challenge on a Host-dependent
area rather than a pathogen dependent route as usually done. This was orientated on RNAs constituent of the body also

called Transcriptome. This study aimed at investigating Long Intergenic Non-Coding RNA-p21 and Long Non-Coding
RNA NEAT-1 and their target cytokines Interleukin-6 and Interleukin-8 mRNA respectively as potential biomarkers for the
diagnosis of HIV-Tuberculosis coinfection. The study was done over a period of 08 months subdivided into sample collec-

tion and analysis respectively at LAQUINTINIE Hospital and LANAVET DOUALA respectively.
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Quantitative real-time polymerase chain reaction (RT-qPCR) was performed on whole blood samples to detect the relative
expression of LincRNA-p21, NEAT 1, IL-6 and IL-8 mRNA in healthy controls, TB-positive patients, HIV-positive patients
and HIV-Tuberculosis coinfected patients and ROC curve analysis was used to investigate their discriminatory and biomark-

er potentials.

With regards to the expression level, it was found that LincRNA-p21 was significantly upregulated in TB patients (P “0.05)
but down regulated with HIV and co-infected patients (P 0.01) meanwhile IncRNA NEAT-1 was significantly up-regulated
in TB, HIV and CO compared to NC (P 0, 05). On the other hand, the target cytokine IL-6 mRNA was found to be signifi-
cantly upregulated in all the groups (P “0.05) while IL-8 mRNA was significantly up-regulated in TB and significantly down-
regulated in HIV-TB coinfected compared to healthy controls (P “0,05) but no significant difference was observed between
active HIV and healthy controls (P”0,05). With regards to the discriminative potential, it was demonstrated that LincR-
NA-p21, IL-6 mRNA and NEAT-1 were able to distinguish between all the groups two by two with AUC values of 100%,
100% and 97.8% respectively meanwhile IL-8 mRNA had AUC=100% when discriminating NC from TB and CO but had

poor performance in discriminating healthy control groups from active HIV with AUC = 52%.

The IncRNAs LincRNA-p21 and NEAT 1 and their target cytokines IL-6 and IL-8 mRNA respectively are potential biomark-
ers for the diagnosis of HIV-Tuberculosis coinfection. The study was done over a period of 08 months subdivided into sam-
ple collection and analysis respectively at LAQUINTINIE Hospital and LANAVET DOUALA respectively.
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Introduction

In the 20th century, it was discovered that the human immunodeficiency virus (HIV), is the causative agent of the acquired im-
immunodeficiency syndrome (AIDS) (Korber et al., 2000), which targets specifically the immune system through its fixation on
all cells having a CD4 epitope. The induced immunosuppression in the host gives way to the appearance of several opportunis-
tic infections amongst which tuberculosis (TB) is the first. It remains a major global health problem that causes more than 36.3

million deaths (WHO, 2022).

Tuberculosis is a transmissible infectious disease caused by a strict aerobic acid -alcohol-fast bacillus, the most common of
which is Mycobacterium tuberculosis (Koch's bacillus or BK) (Russell, 2007). It mainly affects the lungs, and it is spread by ex-
haled droplets that diffuse through the air from a sick to a healthy individual. It represents, according to estimates by the World
Health Organization, one of the infectious pathologies causing the most deaths worldwide with nearly 8 million new cases each
year and more than 1 million deaths per year, making it a public health problem. Despite the decrease in the incidence of this
disease, the high morbidity and mortality rate can be explained in part by a high frequency of co-infection with the human im-
munodeficiency virus and by the emergence of resistant strains (Mjid et al., 2015). People with HIV and infected with MTB are
10 times more likely to develop tuberculosis than people without HIV (Pimpin et al., 2011). The incidence of HIV-TB coinfec-
tion in 2021 was 14 million with 4 million deaths, of which more than two thirds (79%) of coinfected people where in African

regions (WHO, 2022). In 2020, approximately 6042 peoples coinfected with HIV-TB were reported in Cameroon (PLNT,
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2021).

Out of this co-infection state there is thus a high level of mortality rate accompanied with distinct diagnostic methods of this
co-infection state worldwide, presenting several limits and manipulation errors. The major question raised is thus how to have
a unique diagnostic method and treat this infection state. The lack of a common diagnosis for HIV-TB coinfection leads re-
searchers to seek new alternatives, such as host-specific biomarkers. However, new investigations in molecular biology offer us
a new field on non -coding RNAs which represent 98% of DNA transcription products and not coding for protein synthesis.
Long noncoding RNAs (IncRNAs) are defined based on their size (over 200 nucleotides) and non-protein coding capacity.
Long non- coding RNAs play a role in the regulation of gene expression, but it is noted that their deregulations have effects on
the occurrence and/or proliferation of pathologies and that these IncRNAs can affect cytokines functions at different regulatory

levels.

Other molecular biomarkers with an interest are Cytokines. They are a small group of proteins reported to control several bio--
logical and physiological processes, including metabolism, inflammation, blood pressure etc in order to maintain homeostasis.
They have also been studied to have an intertwined relationship with IncRNAs. These IncRNAs can regulate the expression of
cytokines at different level. These IncRNAs and their target cytokines through their role in different pathologies could be used

as potential biomarkers for a unique molecular diagnosis of TB and HIV coinfection.

Hence, this study was carried out in order to provide new reference opinions on the diagnosis of this co-infection state. This
study was implemented to know whether lincRNA-p21, NEAT-1 and their target cytokines IL-6 and IL-8 mRNA respectively

can be used as potential biomarkers for the diagnosis of HIV-Tuberculosis co-infection.

Materials and Methods

Study Workframe

This prospective study first had an Ethical clearance authorization (ref no 0977/Minsante/SESP/SG/DROS) to conduct this
work obtained from the Institutional Ethics Committee of the University of Douala. Patient recruitment was done at Laquin-
tinie hospital in Douala (Center of respiratory diseases (CMR) and Day hospital) and later on analyzed at the National Veteri-
nary Laboratory Douala annex (LANAVET). A total of 146 individuals were first recruited for the study subdivided into Nega-
tive controls, Tuberculosis positive patients (TB+), HIV positive patients (HIV+) and HIV-Tuberculosis co-infected patients
(CO) all aged between 18-50 years and who agreed to fill the questionnaire sheet and sign the informed consent. The final co-
hort of 46 patients subdivided into 11 NC, 11 TB+, 12 HIV and 12 CO used throughout the experiment resulted from a proba-

bilistic sampling according to inclusion/exclusion criteria, RNA quality, and availability of reagents for RT-qPCR analysis.

The negative control group (NC) included 11 non-smoking subjects having no antecedent of TB and underwent a routine phys-
ical examination at LAQUINTINIE hospital, Douala, during the study period. They had no contact with tuberculosis patients
within the last two months and had negative results for Human Immunodeficiency Virus (HIV), and TB LAMP tests. They had

no chronic disease and were not receiving immunosuppressive therapy.

The TB positive group (TB+) comprised 11 HIV negative patients but positive at microscopy and TB LAMP test. They had no

chronic diseases, were not on immunosuppressive treatment and exempt from TB treatment.

The HIV positive group (HIV+) was made up of 12 HIV patients, positive at Determine and Oraquick test, had no chronic dis-

€ases.

The co infected group comprised 12 patients positive at both HIV and Tuberculosis test, either under treatment or not but with
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no chronic disease and not under immunosuppressive.

The flowchart in Figurel summarizes the steps of the screening process.

LAQUINTINIE
HOSFITAL
I
[ |
DAY HOSPITAL CME
Blood Blood
samples samples

e
SCTEETIng

TB-LAMP Test
G [mripe]

NC
(r=11)

(=11 (=12)

Figure 1: Study flow chart

(Pos: Positive, Neg: Negative, CMR: Respiratory disease center)

Blood Collection and Processing

A total of 4ml of venous blood was collected into a five milliliters Ethylene Diamine Tetra acetic Acid (EDTA) tube and cen-
trifuged at 5000rpm for 5. The supernatant (plasma) was separated from the pellets. 500ul of the pellets was then transferred us-
ing a pipette to a labelled 1.5ml Eppendorf tube and 500ul of Qiazol reagent added for storage and lysis. The mixture was vor-
texed and then stored at -21°C until total RNA extraction.

Total RNA Extraction and cDNA Synthesis

Cells were lysed in Qiazol (Qiagen, Germany) at different time points during post treatment and lysates were stored at —80 °C.
Total RNA was isolated from the lysate using miRNeasy Mini Kit (Qiagen, Germany) following the manufacturer’s instruc-
tions. 100ng of total RNA obtained was retro-transcribed into cDNA using the Maxima first strand cDNA synthesis with dsD-

nase kit according to the supplier's instructions and stored at -20°C.

Quantitative Real-Time PCR

Quantitative real-time PCR (qPCR) was performed using LightCycler® 480 SYBR Green I Master (Roche, Germany) and gene-
specific primers (IDT, CA, United States). Fold change in gene expression was calculated by the AACt method and normalized
to glyceraldehyde-3-phosphate dehydrogenase GAPDH, which served as an internal normalizer. The PCR amplification pro--
gram was set with respect to the genes primers sequence (Table I). The qPCR primer sets used were as follows: hs-GAPDH:
for-ward 5-GAAATCCCATCACCATCTTCCAGG -3, reverse 5- GAGCCCCAGCCTTCTCCATG -3; hs lincRNA-p21: for-
ward 5-GGG TGG CTC ACT CTT CTG GC-3’, reverse 5-TGG CCT TGC CCG GGC TTG TC-3’; hs-NEAT-1: forward 5’-
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GCT CAC TCC ACC CCT TCT TC-3’ ; reverse 5-CAC ATT CAC TCC CCA CCC TC-3’; hs-mRNA IL-6: forward 5 AAA
GAT GGC TGA AAA AGA TGG ATG C- 3°, reverse 5’ -ACA GCT CTG GCT TGT TCC TCA CTA C- 3’and hs-IL-8: forward
5-GCA GCCTTCCTG ATT TCT GCA GCT C-3’; reverse 5-ATC TCT CCA CAA CCC TCT GCA CCC A-3.

The 20 pL reaction system included 1X FASTstart Universal SYBR Green I Master Mix, 0.9 pL forward primer, 0.9 pL reverse
primer, and 2 pL of reverse transcription product. The reaction conditions were set as follows: pre-denaturation at 95 C for 15
min, 950C for 10 s, 600 C for 15s, 720 C for 30 s, and 50 cycles for IncRNA NEAT-1 and 55 cycles for IL-8 mRNA. qPCR was
performed using the Thermofischer Pikoreal version 2.2 for RT-qPCR .

Table I: Amplification Program

Number of cycle (s) Steps Conditions
0
1 Pre-incubation 95 C for 15 minutes
50 and 55 cycles for lincRNA-p21, NEAT-1 Denaturation 95 C for 10 seconds
Annealing 60 C for 15 seconds
Elongation 72°C for 10 seconds
Data acquisition 80°C for 1 second
1 Melting curve | Start temperature:65°C for 1 second
End temperature:97°C for 0.2 second
Data acquisition in a continuous mode

Graphs and Statistical Analysis

The result of RT-qPCR amplified gene is done by the described method of LIVAK according to the Ct value, and fold change in
gene expression was calculated by the 2AddCt and normalized to GAPDH, which was used as internal control (LIVAK et al.,
2001).

SPSS 20.0 software (Statsoft Inc, Carey, ], USA) and easyRoc (ver. 1.3.1) were used for statistical analyses.

Data with a normal distribution was presented as Mean + Standard deviation. After verifying with the variance test that the
standard deviations were not statistically different, the ANOVA test and the t-test were used to compare the means in pairs at a
significance level of 5%. These analyses were performed using SPSS 20.0 software (Statsoft Inc, Carey, J, USA). Means compari-
son was performed through the t-test. A p-value of <0.05 was considered to be statistically significant for a 95% confidence in-
terval. Curves and graphs were drawn under Microsoft Excel 2013. The area under the ROC curve (AUC) is a measure of the ca-
pacity of a parameter to distinguish between two groups. In ROC curve analysis, the AUC values lie between 50% and 100%
with 50% being a bad classifier and 100% a perfect classifier. Values within the range of 90 and 100% are generally considered
excellent, 80 and 90% good, 70 and 80% fair, 60 and 70% poor, and 50 and 60% bad (or failed). An AUC below 50% indicates a

set of random values unable to make the distinction between two groups (Folador E, 2016).

Results

Sociodemographic and Clinical Characteristics of the Study Population

Forty-six (46) participants were enrolled during the period of this study with 50 % being male and 50 % female. Table 2 pro--

vides details on the sociodemographic and clinical characteristics of the study population.
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Table 2: sociodemographic and clinical characteristics of the study population.

Groups Effectives Negative Control | Tb Positive | Hiv Positive | Co-Infected
Females 6 5 6 6
Males 5 6 6 6
Under TB and orHIV treatment 0 0 12 3
TOTAL 11 11 12 12

Relative Expression of lincRNA-p21, NEAT-1, mRNA IL-6 and mRNA IL-8 in the different study groups

LincRNA-p21 was Seen Upregulated in Whole Blood of Patients with Active Pulmonary TB but Downregu-
lated with HIV and Co-Infected Patients As Compared To Negative Controls
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Figure 2: Expression levels of IncRNA lincRNA-P21

Relative expression of lincRNA-p21 in whole blood samples from the different subjects groups. NC: Negative Controls group;
TB: Tuberculosis positive patients; HIV: HIV positive patients; CO: Co-infected patients. Total RNA was extracted, and lincR--
NA-p21 expression level was assessed through RT-qPCR and calculated using the ~AACt method with *p < 0.05; **p < 0.01: sig-
nificance. The confidence interval of the null hypothesis was set at 95%, the margin of error at 5% (significant p-value if and on-

ly if p<0.05).

Lncrna NEAT-1 Levels Are Increased In the Whole Blood of Active Pulmonary TB, HIV Positif and HIV-Tu-
berculosis Coinfected Patients As Compared To Healthy Controls

The expression level of IncRNA NEAT-1 in the whole blood of active tuberculosis patients (2.25 * 0.6) was significantly upregu-
lated (P < 0.05) compared to healthy controls. Further IncRNA NEAT-1 expression level was also upregulated (P < 0.05) in
HIV patients with (1.17 + 0.28) and with patients co-infected (1.63 + 0.25) (Figure 3).
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Figure 3: Expression levels of NEAT 1

NEAT-1 Relative expression level

Relative expression of IncRNA NEAT-1 in whole blood samples from the different groups. NC: Negative Controls; TB: active
Tuberculosis; HIV: HIV positive; CO: HIV-TB Coinfected patients. After extracting Total RNA, the expression level was collec-
t-ed through the Ct of RT-qPCR and calculated using the ~AACt method with *p < 0.05; **p < 0.01: significance. The confi-

dence interval of the null hypothesis was set at 95%, the margin of error at 5% (significant p-value if and only if p<0.05).

IL-6 Mrna Was Upregulated in Whole Blood of Patients with Active Pulmonary TB, HIV and Co-Infected Pa-

tients As Compared To Negative Controls

The expression level of IL-6 mRNA in the whole blood of active tuberculosis patients (3.32 + 0.18), HIV patients (2.93 + 0.06)
and co-infected patients (4.13 £ 0.07) was significantly upregulated (P < 0.05) compared to healthy controls (Figure 4). It was
al-so observed a slight decrease in the HIV group as compared to TB and CO groups.
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Figure 4: Expression levels of IL-6 mRNA
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Relative expression of IL-6 mRNA in whole blood samples from the different subjects groups. NC: Negative Controls group;
TB: Tuberculosis positive patients; HIV: HIV positive patients; CO: Co-infected patients. Total RNA was extracted, and lincR--
NA-p21 expression level was assessed through RT-qPCR and calculated using the ~AACt method with *p < 0.05; **p < 0.01: sig-
nificance. The confidence interval of the null hypothesis was set at 95%, the margin of error at 5% (significant p-value if and on-

ly if p<0.05)

IL-8 mRNA was upregulated in whole blood of patients with active pulmonary TB but downregulated with

HIV and co-infected patients as compared to Negative controls

The expression levels of IL-8 mRNA in the whole blood of active TB patients (1.6 + 0.07) were significantly higher (P <0.05)
compared to healthy controls. However, the whole blood of patients with HIV (0.98 + 0.06) displayed similar levels of IL-8 mR-
NA (P 20.05) compared to negative controls. On the other hand, IL-8 mRNA was more lowered in CO (0.23 + 0.02) than in the
healthy groups. Thus, we observed excessive decrease in the CO group as compared to TB and HIV groups (Figure 5).
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Figure 5: Expression levels of IL-8 mRNA

Relative expression of IL-8 mRNA in whole blood samples from the different groups. NC: Negative Controls; TB: active Tuber-
culosis; HIV: HIV positive; CO: HIV-TB Coinfected patients. After extracting Total RNA, the expression level was collected
through the Ct of RT-qPCR and calculated using the ~AACt method with *p < 0.05; **p < 0.01: significance. The confidence in-
terval of the null hypothesis was set at 95%, the margin of error at 5% (significant p-value if and only if p<0.05)

LincRNA-p21 and mRNA IL-6 can discriminate between TB positive, HIV positive, co-infected and negative

control groups

Using the GraphPad Prism software, the discriminative potential of lincRNA-p21 and IL-6 mRNA was evaluated between NC
and TB, NC and HIV, NC and TB, TB and HIV, TB and CO then HIV and CO. This analysis verified the specificity and sensi-
tivity of the genes and gave an AUC of 100% (Table III) between each group two by two as represented on figure 6 and 7 respec-
tively. Thus lincRNA-p21 and IL-6 mRNA are classified as excellent discriminants.
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Figure 6: ROC curve for the discriminatory potential of IncRNA-P21.

LincRNA-p21 level distinguish between all the groups two by two. Total RNA was purified from the whole blood samples of ac-
tive tuberculosis patients (TB) and negative controls (NC), HIV patients (HIV) and co infected patients (CO). LincRNA-p21

relative expression level was determined by RT-qPCR associated with the Livak method. The software easyROC was used to set

sensitivity%
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up ROC curves and calculate the area under the curve (AUC) values.
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Figure 7: ROC curves for the discriminatory potential of IL-6 mRNA

IL-6 mRNA level distinguishes between all the groups two by two. Total RNA was purified from the whole blood samples of ac-
tive tuberculosis patients (TB) and negative controls (NC), HIV patients (HIV) and co infected patients (CO). IL-6 mRNA rela-
tive expression level was determined by RT-qPCR associated with the Livak method. The software easyROC was used to set up

ROC curves and calculate the area under the curve (AUC) values.
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LncRNA NEAT-1 Levels Distinguish Active Pulmonary Tuberculosis Patients from Healthy Controls

Using the GraphPad Prism software, the discriminative potential of NEAT-1 was evaluated between NC and TB, NC and HIV,
NC and TB, TB and HIV, TB and CO then HIV and CO(figure 8). The receiver operating characteristic (ROC) curve revealed
that NEAT1 expression could discriminate CN from TB and CO (sensitivity and specificity of 100% and area under the curve
(AUC) = 100%), but could discriminate CN from HIV whit sensitivity of 100% and specificity of 80% and area under the curve

(AUC) =97%.
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relative expression level was determined by RT-qPCR associated with the Livak method. The software easyROC was used to set

up ROC curves and calculate the area under the curve (AUC) values.
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Figure 9: ROC curves for the discriminatory potential of IL-8 mRNA
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IL-8 mRNA level distinguishes between all the groups two by two. Total RNA was purified from the whole blood samples of ac-
tive tuberculosis patients (TB) and negative controls (NC), HIV patients (HIV) and co infected patients (CO). IL-8 mRNA rela-
tive expression level was determined by RT-qPCR associated with the Livak method. The software easyROC was used to set up

ROC curves and calculate the area under the curve (AUC) values.

IL-8 mRNA Discriminates Active Pulmonary TB and HIV-Tuberculosis Co-Infected Patients with Healthy

Controls but Cannot Discriminate Between HIV Patients and Healthy Controls

In our study, the potential of IL-8 mRNA in discriminating between NC from TB, HIV and CO, was evaluated by the ROC
curve and Area under the Curve analysis. According to results which are illustrated in Figure 9, in the case of TB and CO com-
pared with healthy controls, the sensitivity and specificity was 100% and area under the curve (AUC) = 100% but comparing
NC and HIV we observe that could poorly discriminate NC from HIV whit sensitivity of 50% and specificity of 50% and area
under the curve (AUC) = 52.78%.

Discussion

This study aimed at investigating the LincRNA-p21, NEAT-1 and their target cytokines mRNA IL-6 and mRNA IL-8 respective-
ly as potential biomarkers for the diagnosis of Tuberculosis-HIV co-infection. The search for biomarkers is becoming a priority
for the health sector in view of the many shortcomings and limitations of the individual diagnostic tests currently used and the
absence of a unique diagnostic method for the co-infection state. The development of a more effective unique diagnostic test
will be welcome to respond to the major concern of the WHO, which is to end TB and associated pathologies by 2030 (WHO,
2020). LncRNAs are taking the stage in recent times as biomarkers in the timely diagnosis and follow up treatment of patholo-
gies. Several studies have demonstrated their place not only in immune response but also in host-pathogen interactions in TB.
Their expression at a specific tissue and condition in an organism renders IncRNAs potential biomarkers (Statello et al., 2021;
Zhang et al., 2022). Infection with Mycobacterium tuberculosis as well as HIV leads to an alteration in the expression profile of
many long non-coding RNAs that could be used for the diagnosis of this co-infection. Out of all this an alternative of research-
ing for potential biomarkers specific to the host and not those of the pathogen could guide towards a unique diagnostic method

for this coinfection state.

This research was conducted on 46 individuals, with 23 males (50 %) and 23 females (50 %) including 11 healthy controls
(NC), 11 active pulmonary tuberculosis (TB), 12 HIV positive (HIV) and 12 coinfected with HIV-TB (CO) at the Laquintinie

hospital in Douala.

The results of this study showed a significant increase in the level of expression of lincRNA-p21 in the TB positive group but a

decrease in HIV and co-infected groups as compared to the negative control group.

Concerning TB results which showed an increase in the level of expression of lincRNA-p21, these findings are concordant with
those of Tamgue et al. (2021) who reported an increase in the expression level of this IncRNA in MDMs infected with MTB
strains and highlighted its role in targeting IL-6 which functions in macrophages activation and immune response against MTB
through the NF-kB pathway. Ngongang et al. (2022) also showed in their research that lincRNA-p21 was upregulated in TB in-
fections. LincRNA-p21 was also investigated to have anti-inflammatory or pro inflammatory effect with respect to disease type
and stimulator (Yang et al., 2018). In this study, the increased level observed with the host’s lincRNA-p21 could be caused by
positive regulation of p53 to inhibit cellular proliferation, migration and invasion of Mycobaterium tuberculosis and also acti-

vate the apoptosis of infected cells.

Concerning HIV results which showed a decrease in the level of expression of lincRNA-p21, these findings are concordant with
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those of Barichievy et al. (2018) and Li et al. (2020) who demonstrated that HIV enables the degradation of lincRNA-p21 by se-
questering HuR in the nucleus. HIV thus avoids this apoptotic mechanism by sequestrating hnRNP thereby reducing its level
of expression (Xingzhu et al., 2022).

Co-infected group on the other hand showed a further decrease in the level of expression of lincRNA-p21 as compared to the
negative control group. This decrease was also observed in HIV monoinfection but the level had previously increased with TB
monoinfection. The level of expression of this gene in the diagnosis of HIV-Tuberculosis co-infection is reported for the first
time. As the expression level of lincRNA-p21 has lowered in HIV and co-infection group but increased in TB group it can thus
be hypothesized that the decrease is due to HIV and that the effect is important thus inhibiting the increase due to TB as we

know that HIV generally preceeds TB. The mechanism of action remains to be elucidated.

IncRNA NEAT-1 showed an up-regulation in infected people as compared to the healthy ones. These data showing the elevated
expression of IncRNA NEAT-1 in patients infected with MTB compared to healthy controls are similar to those obtained by
Shuying and his group who conducted a study on The Expression of IncRNA NEAT1 in Human Tuberculosis and Its Antitu-
berculosis Effect (Shuying et al., 2018). We also observed that in TB, NEAT-1 was highly up-regulated than in HIV patients and
HIV-TB coinfected ones. The overexpression of NEAT-1 would be due to the fact that the organism should synthesize all its
own molecules to reinforce the immune defense during host-MTB interactions in order to improve the bactericidal activity of
the defense cells and modulate the signaling pathways of inflammatory molecules since none of these TB patients were under

antituberculosis treatment.

On the other hand, we observed an upregulation of IncRNA NEAT-1 during HIV infection. This result was in line with that of
Liu and collaborators during their studies on HIV-1 replication in CD4+ T cells exploits the down-regulation of antiviral
NEAT]I long non-coding RNAs, which demonstrated that the HIV-1 infection increases the expression of NEAT 1 compared
to that of uninfected cells because NEAT-1 is said to have broad antiviral activity (Liu et al., 2018). The potential mechanisms
by which HIV infection may influence overexpression of NEAT-1 would be based on the fact that certain viral transcription fac-
tors produced by HIV may bind to the regulatory regions of NEAT-1 or that HIV may activate several cellular signaling path-
ways, including the NF-kB (nuclear factor kappa B) pathway which can stimulate transcription of NEAT-1, thus leading an in-

-crease in the expression of this IncRNA.

Regarding pulmonary HIV-TB coinfection, this study showed that the expression of IncRNA NEAT-1 is up-regulated. The In-
cRNA NEAT-1 was significantly up-regulated in active tuberculosis and in HIV-positive. The level of expression of this gene in
the diagnosis of HIV-Tuberculosis co-infection is also reported for the first time. On a hypothetical basis, this result could be ex-
plained by the fact that the multiplication of bacteria and the replication of viruses in the body increase not only the determi-
nants of pathogens but also the perception of the "danger" signal to the immune defense cells, thus provoking a response. This
modified inflammatory response can influence the expression of NEAT-1, during HIV-TB coinfection. The exact molecular

mechanisms of this interaction and its impact on the pathogenesis of HIV-TB co-infection remain to be investigated.
IL-6 mRNA was also investigated in this study, and we obtained an increase in its level of expression in all the groups.

As for the increased level in Tuberculosis infection this study is concordant with that of Correia et al. (2009) who evaluated the
level of IL-6 in TB+ patients compared to healthy group and obtained a high increase in its level in this group compared to the
healthy group (4.3 pg/ml vs 0.5 pg/ml). This robust increase suggests that IL-6 contributes to the inflammatory activity in the
TB patients, in accordance with the proinflammatory potential of IL-6 in experimental models of acute infection. Lavanya et al.
(2015) obtained the same results when evaluating the expression level of IL-6 and IL-10 in active pulmonary TB (APTB), house
hold contacts (HHC) and healthy controls (HC). They found that IL-6 levels were elevated among APTB (6.044 pg/ml) com--
pared to HHC (2.62 pg/ml) and HC (4.112 pg/ml). Tang et al. (2013) in their investigation of certain Cytokines response in pa-

Annex Publishers | www.annexpublishers.com Volume 5 | Issue 1



13 Journal of Biomedical Research & Studies

tients with tuberculosis and chronic obstructive pulmonary disease (COPD) saw that the levels of IL-2R, IL-6, TNF-a, IFN-y in
TB patients with or without COPD were significantly higher than those in control group and COPD patients without TB (P=
0.000).

In the present study IL-6 mRNA was found upregulated with HIV infection. This result is similar to those of Breen et al. (1990)
who measured the level of circulating plasma IL-6, spontaneously-produced IL-6, and IL-6 mRNA in HIV infected donors and
in healthy control donors. They saw that elevated levels of plasma IL-6 and IL-6 mRNA were detected in HIV-infected donors
compared to healthy donors and concluded that elevated levels of IL-6 are associated with HIV-infection, and suggest that IL-6
over-production may contribute to the polyclonal B cell activation seen in AIDS and HIV infection. Navikas et al. (1995) had
the same results when evaluating the level of expression of IL-6 mRNA in HIV infected group compared to healthy group
through in situ hybridization with cDNA oligonucleotide probes to enumerate blood mononuclear cells (MNCs) expressing
mRNA for IL-6, IL-10, TNF-alpha, and perforin. Aurelia et al., (2013) and Alvaro et al., (2015) had the same results in the analy-
sis of cytokines profile analysis in HIV individuals and factors associated with cytokine production in HIV patients respectively

and had increased IL-6 levels in HIV patients.

The results showed a further increase in the level of expression of IL-6 mRNA in HIV-tuberculosis co-infected patients com--
pared to the negative control group. Here the mechanism of action remains to be elucidated since the level of expression of

IL-6 mRNA in co-infection is reported for the first time.

The results of this study also showed a significant increase in the level of expression of mRNA IL-8 in the TB positive group but

a decrease in HIV and HIV-TB coinfected groups as compared to the negative control group.

During this study, the expression level of IL-8 mRNA was also investigated. IL-8 mRNA level of expression was up regulated in
active TB cases, which is identical with research of Boggaram and his team that found that IL-8 can directly bind to tubercle ba-
cilli. Besides, it have been demonstrated that direct contact with MTB induces mononuclear cells to increase the synthesis and
re-lease of IL-8 which is involved in the formation and maintenance of granuloma in tuberculosis pulmonary (Krupa A. et al.,
2015). The induction and increase in IL-8 mRNA expression could be due to the stimulatory effect of determinants associated
with the virulence and pathogenicity of M. tuberculosis on the transcriptional mechanisms that must activate inflammasome
and granulomas to promote apoptosis and lysis of lung epithelial cells. The lung epithelium contributes to the initiation and am-
plification of cytokines like IL-8 which plays a key role in mediating inflammatory responses in the pathogenesis of acute and

chronic lung diseases.

On the other hand, we observed a slight decrease in IL-8 mRNA in HIV-positive compared to healthy controls, which is similar
to the results of Hober who found no significant differences in the level of IL-8 expression between HIV-positive people on
treatment and uninfected people (Hober D et al., 1996). This could suggest that the reduction in the expression of IL-8 mRNA
in infected patients is due to antiretroviral therapy, which would have beneficial effects for the host because antiretroviral
molecules such as protease inhibitors, non-nucleoside reverse transcriptase inhibitors which have the ability to decrease viral
re-plication and inflammation associated with HIV infection. Although there are a limited number of studies reporting that cir-
culating IL-8 levels are significantly higher in HIV-infected individuals compared to healthy controls, depending on CD4+ T
cell count < 350 cells/ mm3 due to severe immunosuppression (Ellwanger H et al., 2020) and even HIV-positive people being

on ART with a suppressed viral load (Wada et al., 2015).

There is some information in the literature regarding elevated IL-8 levels in HIV-TB coinfected patients; demonstrating that
the level of production of IL-8 by MDMs coinfected with HIV-MTB was 20-fold higher than uninfected control MDMs (Choi
Retal., 2017). Our results disagreeing with previous findings, we observed that IL-8 mRNA expression was significantly down-

regulated in HIV-TB coinfected compared to healthy controls. the decrease in IL-8 mRNA expression in our study would be
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due to interactions between HIV and MTB, the influence of anti-inflammatory cytokines, the presence of other opportunistic
adits, proportions of CXCR- 1/2 of IL-8, the age, physiological state of the patient and the environment. On the other hand, the
mechanisms making it possible to provide explanations for the difference in the level of expression of IL-8 mRNA in coinfected

compared to HIV and TB mono-infected remains to be investigated.

With regards to their discriminative potential, lincRNA-p21 showed an excellent discriminative potential with AUC of 100%
when comparing the groups two by two. The comparison of NC and TB+ groups was similar to that of Ngongang et al. (2022)
who showed the same results (AUC 100%) when evaluating the discriminative potential of the same between active pulmonary

tuberculosis (APTB) group and negative control group.

The result of the measurement of the diagnostic potentials revealed that the IncRNA NEAT-1, presented an excellent perfor-
mance to discriminate the healthy control groups from the active tuberculosis patients, seropositive and HIV-TB coinfected
therefore the AUC is respectively 97% for the TB and 100% for HIV and co-infected. One study presented an ROC curve (AUC
’97%) when discriminating between healthy controls and newly infected active pulmonary TB (Charleine K et al., 2022) which
would correspond to our result. The different AUCs obtained suggest that IncRNA NEAT-1 would be an excellent biomarker
for the diagnosis of HIV-TB coinfection.

IL-6 mRNA on the other hand also revealed to be an excellent discriminative potential with an AUC of 100% when comparing
the groups two by two. The comparison between NC and TB+ groups appeared to be slightly similar to that of Lavanya et al.
(2015) who evaluated the discriminative potential of this gene when comparing APTB group and NC group. He obtained an
AUC of 70.8% classifying IL-6 as being a good discriminative potential of these groups.

This study also assessed the value of IL-8 as a biomarker that can be used for diagnosis of HIV-TB coinfection. Although the
IL-8 level was statistically significantly increased in TB and reduced in CO compared to the control group, its discriminant val-
ue was excellent as confirmed by the analysis of the ROC curve with an area under the curve of 100%. On the other hand, IL-8
had a poor ability to discriminate between CS and HIV, as evidenced by the AUC of 52%. These results were different from pre-
vious reports which stated that IL-8 was a good marker in HIV (AUC=80%) (Sun J. et al., 2016) and we also noted that it is im-
portant for discriminate HIV-TB coinfected from HIV, TB and CS (AUC=100%); while it was a less valuable tool in differentiat-
ing between HIV-positive and healthy controls.

This study shows that these biomarkers could be integrated into a multiplexed molecular screening test based on RT qPCR, ap-
plicable as a first line of defense in laboratories with simple qPCR platforms. Simultaneous measurement of lincRNA-p21,
NEAT-1, IL-6 and IL-8 in whole blood could enable rapid differentiation between TB, HIV and co-infection, complementing

pathogen tests such as GeneXpert and Determine.

The ability of these genes to distinguish between the each group is still unknown and could constitute good avenues to explore
for the enhancement of the fight against HIV-TB coinfection. Out of this results the authors intend to extend the study to a larg-
er scale and other geographic regions compared to what was done in order to have a more detailed view of the potential of th-
ese genes. Focusing on RNA expression allowed us to explore key molecular signals, and we aim to complement this with fu-
ture protein-level analyses for target cytokines of our ncRNAs. Longitudinal studies could also be done to better understand

how these biomarkers evolve during treatment and disease progression.

Conclusion

The present study reported that the lincRNA-p21, NEAT-1, IL-6 and IL-8 mRNA were significantly deregulated in patients

with tuberculosis, HIV, HIV-tuberculosis co-infection as compared to the negative controls. The expression level of lincR--
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NA-p21 was significantly upregulated in tuberculosis patients but downregulated in HIV and co-infected patients as compared
to healthy controls. IncRNA NEAT-1 was significantly up-regulated in active pulmonary TB, HIV and HIV-TB coinfected
com-pared to healthy controls. The expression level of IL-6 mRNA in whole blood of patients was upregulated in TB, HIV and
coinfected groups as compared to the negative control group. IL-8 mRNA was significantly up-regulated in TB and significant-
ly down-regulated in HIV-TB coinfected compared to healthy controls but no significant difference was observed between HIV
and healthy controls. LincRNA-p21, NEAT-1 and IL-6 mRNA showed excellent performance in distinguishing between each
group two by two with AUC of 100%, 97% and 100% respectively meanwhile IL-8 mRNA, this has been identified as an excel--
lent biomarker potential for discriminating healthy control groups from active and HIV-TB coinfected TB (AUC=100%) but
poor performance in discriminating healthy control groups from HIV (AUC=52%). Despite the relatively modest sample size,
the results revealed highly significant differences between groups (p < 0.05) and excellent diagnostic accuracy (AUC values
ranging from 97% to 100%), indicating strong discriminatory power. This supports that the sample size was sufficient to detect
statistically meaningful differences. LincRNA-p21, NEAT-1, IL-6 mRNA and IL-8 mRNA could constitute potential and

promising biomarkers for diagnosis of HIV-tuberculosis co-infection.
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