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Early diagnosis is crucial in controlling tuberculosis globally and in developing

countries with the emergence of drug-resistant Mycobacterium tuberculosis

strains. Long non-coding RNAs (lncRNAs) are promising tuberculosis

diagnostic biomarkers. Two lncRNA diagnostic markers, lncRNA THRIL and

lincRNA-p21, were studied as tuberculosis diagnostic biomarkers. This cross-

sectional study was conducted at the Center of Respiratory Diseases of

LAQUINTINIE hospital and the National Veterinary Laboratory of Douala from

December 2020 to August 2021. The ability of lncRNAs to distinguish between

19 healthy controls, 15 latent tuberculosis, and 21 active tuberculosis was

estimated using quantitative polymerase chain reaction and Receiver

Operating Characteristic curve analysis. Our analysis showed that lncRNA

THRIL and lincRNA-p21 were significantly upregulated (P <0.05) in active and

latent tuberculosis compared with healthy controls. LincRNA-p21 expression

was significantly increased (P <0.05) in active tuberculosis compared with

latent tuberculosis, whereas lncRNA THRIL was not significantly affected

(P ≥0.05). Both lncRNA THRIL and lincRNA-p21 showed excellent
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performance in classifying latent tuberculosis and healthy controls (AUC = 92.86%).

Furthermore, lncRNA THRIL was good at discriminating active tuberculosis from

healthy controls (AUC = 89.79%), while lincRNA-p21 showed excellent

discriminating performance (AUC = 100%). LncRNA THRIL was identified as a

poor discriminator of latent tuberculosis from active tuberculosis (AUC =

64.28%), while lincRNA-p21 showed excellent diagnostic performance in this

distinction (AUC = 92.86%). Our cross-sectional study suggests that lncRNA

THRIL and lincRNA-p21 are promising tuberculosis diagnostic biomarkers that

can differentiate between latent and active infection.
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Introduction

Tuberculosis (TB) is an airborne disease (1), which exists

in two forms: active and latent (2, 3). It is caused by bacteria

of the Mycobacterium tuberculosis complex (MTBC) (4).

Usually, these bacteria affect the lungs but can also affect

other parts of the body, such as the spine, the brain, or

kidneys, and if untreated, cause a fatal infection (5). Mtb

bacteria can be transmitted through air inhalation by a

healthy person when he stays in close proximity to an

active TB patient who coughs, spits, speaks, sings, laughs,

or sneezes (6).

About two billion people (one-quarter of the world

population) are infected with M. tuberculosis. Most of these

people (85%–95%), the so-called latent tuberculosis infected

(LTBI) people, will be able to control the growth and live with

the bacteria all their life without developing TB symptoms or

spreading it to others (7). However, 5%–15% of the people with

LTBI will develop active tuberculosis and are capable of

spreading the bacteria to others. Some factors that favor this

progression include a compromised immune system by a disease

such as HIV (8, 9) or aging (9).

Active TB is predominant in people who smoke or are

immunocompromised due to HIV/AIDS. These people cannot

contain the Mtb, hence it multiplies in the body, causing the TB

disease symptoms and the spread of the disease to others (8).
e; Cq, Quantification Cycle;

tein L; lincRNA-p21, Long

ow- and Middle-Income

LTBI, Latent Tuberculosis

; MTBC, Mycobacterium

RIL, TNF and HNRNPL

NA.

02
In 2020, 10 million cases of tuberculosis were recorded (10).

Ninety-eight percent of these cases were reported in low- and

middle-income countries (LMICs) (10). In addition to the

prevalence, the emergence of drug-resistant M. tuberculosis

strains is a serious public health concern in these countries. To

end this global TB epidemic, the World Health Organization

(2014) made early diagnosis a key element of its strategy (11).

In many developing countries, such as Cameroon, sputum

smear microscopy is used as the laboratory technique for TB

diagnosis. However, a person with latent TB infection can have

normal chest X-rays and negative sputum smear microscopy

results but test positive for a blood or skin prick test (12).

However, active TB patients may display abnormal chest X-rays

while testing positive for sputum smear or culture (12).

Therefore, although sputum smear microscopy is rapid and

low-cost (13), it cannot be used to detect people with latent

TB. Additionally, its reliability is influenced by the quality of

sputum collected and the proper preparation and interpretation

of slides. This quick diagnostic method is also limited by its non-

specificity and low sensitivity (13). To make up for the lack of

very accurate TB diagnostic tools, research on TB-specific

biomarkers is gaining momentum, and these host- and

pathogen-derived biomolecules have proven to be important

targets for the early diagnosis of several diseases (14).

A biomarker or biological marker is a measure of what is

happening in a cell, tissue, or organism at a given moment

(15, 16). Several biomarkers are used for the detection, screening,

diagnosis, treatment, and monitoring of various diseases. For

TB, many good biomarkers have been described, including TB

antigens (17), and host molecules (18), such as microRNAs,

whole blood genes (19) and ong non-coding RNAs (lncRNAs)

(20–27).

Long non-coding RNAs are nucleic acid molecules of more

than 200 nucleotides in size, which are not translated into

functional proteins (28, 29). The genes coding for the lncRNA
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THRIL are located on chromosome 12q24.31 (30). This lncRNA

binds specifically to heterogeneous nuclear ribonucleoprotein L

(hnRNPL) and forms a functional complex that regulates the

expression of the Tumor Necrosis Factor-alpha (TNF-a) gene by
binding to its promoter (31). TNFa is one of the most

central pro-inflammatory cytokines (32). It is involved in

many host-protective pathways against M. tuberculosis. Indeed,

TNFa can promote phagosome–lysosome maturation and Mtb

antigen presentation (33). The latter process can stimulate the

CD4+ T-cell response (33). Additionally, TNFa can induce

apoptosis in mycobacteria-infected macrophages, hence

leading to cross-priming of CD8+ T cells (33). This cytokine

can also stimulate the accumulation of effector interleukins

(IL) such as IL-6 (34).

Interleukin-6 can exhibit pro- or anti-inflammatory

activities (35). It plays an important function in the immune

response against Mtb infection (34), particularly in the acute

phase (36). A study reported that the expression of the pro-

inflammatory IL-6 in LPS-stimulated BV2 microglia cells was

induced by lincRNA-p21 (37). This lncRNA, which is found on

chromosome 6p21.2 (38) activates its proximal gene p21 and

represses distant genes involved in the p53 transcriptional

network (39). This lncRNA plays some important functions in

the cell cycle, apoptosis, cell proliferation (40), inflammatory

responses, and oxidative stress (41).

The lncRNA THRIL has been reported as a biomarker in

COVID-19 (42), multiple sclerosis (43), systemic lupus

erythematosus (44), childhood immune thrombocytopenia (45),

and allergic rhinitis (46). Meanwhile, lincRNA-p21 has been

described as a potential biomarker in various human cancers

(40). To date, no study has explored the potential of lncRNA

THRIL and lincRNA-p21 as biomarkers for the diagnosis of TB.

The link between these lncRNAs and the proinflammatory

cytokines TNFa and IL-6 made us hypothesize that these

lncRNAs might be useful biomarkers for tuberculosis onset or

progression. Hence, this study investigated the ability of lncRNA

THRIL and lincRNA-p21 to distinguish between healthy controls,

latent tuberculosis, and active tuberculosis. We report for the first

time that lincRNA-p21 is an excellent discriminator of active from

latent tuberculosis.
Materials and methods

Study design

The participant recruitment in this cross-sectional study was

performed at the Center of Respiratory Diseases at Laquintinie

Hospital. Laboratory analyses were carried out at the National

Veterinary Laboratory in Douala. The study was conducted from

December 2020 to August 2021.

The Healthy Control (HC) group included 19 non-smoking

subjects with no history of TB who underwent a routine physical
Frontiers in Tropical Diseases 03
examination at the Laquintinie Hospital, Douala, during the

study period. No abnormalities were found on their chest X-rays.

They had not had contact with tuberculosis patients within the

last two months and had negative results for human

immunodeficiency virus (HIV), sputum smear, and TB LAMP

tests. The healthy controls did not have chronic diseases and

were not receiving immunosuppressive therapy.

The Active Tuberculosis (ATB) group comprised 21 HIV-

negative patients with no history of tuberculosis and presented a

positive sputum smear. Their chest X-rays were consistent with

the proven pulmonary TB. They did not have chronic disease

and were not on immunosuppressive therapy. The active

tuberculosis participants had not started TB treatment.

The Latent Tuberculosis (LTB) group was made up of 15

non-smokers who were HIV negative and had no history of

tuberculosis. They presented a negative sputum smear and a TB-

LAMP-positive test. They did not have any chronic diseases and

were not receiving immunosuppressive therapy. The latent

tuberculosis participants had been in contact with tuberculosis

patients within the last two months.

This study was approved by the Institutional Ethics

Committee for Research on Human Health, University of

Douala (No. 2434CEI/Udo/09/2020/M). A unique Patient

Identification Number (PIN) was used to ensure confidentiality.

All participants or the legal guardian/next of kin of the participants

gave a written informed consent form. The questionnaire was

completed before blood collection and processing.
Blood collection and processing

Venous blood was collected in 5-ml Ethylene Diamine

Tetraacetic Acid (EDTA) tubes and centrifuged at 3,000 rpm

for 10 min. The supernatant (plasma) was separated, after which

500 µl of the cellular fraction was aliquoted into a 1.5 ml-labeled

tube and 500 µl of Qiazol reagent (Qiagen, Germany) was added.

The mixture was homogenized and stored at −20°C until total

RNA extraction.
Total RNA extraction and evaluation of
gene expression

Total RNA was purified from the stored cellular lysate (500 µl

cellular fraction + 500 µl Qiazol) using the miRNeasy Mini Kit

(Qiagen, Germany) according to the instructions of the

manufacturer (47). cDNA was then synthesized using a

Transcriptor First Strand cDNA Synthesis Kit (Roche,

Germany) according to the instructions of the manufacturer (48).

Gene-specific primers (IDT, CA, United States) targeting

specific portions of lncRNA THRIL, lincRNA-p21, and

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as well

as LightCycler® 480 SYBR Green I Master (Roche, Germany)
frontiersin.org
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were used to realize quantitative real-time PCR (qPCR). The

amplification program and the sequences of the qPCR primer

sets used are described in Tables 1, 2. A melting curve analysis

was performed at the end of the PCR reaction to confirm specific

amplifications, followed by agarose gel electrophoresis for

specific amplicon size verification. Relative lncRNA levels were

calculated using the 2−DDCq method (49) with GAPDH as an

internal control.
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Statistical analyses

Relative expression data of lncRNA THRIL and lincRNA-

p21 obtained from the qPCR analyses were normalized by

logarithmic transformation. These data were then subjected to

a paired-sample T-Test with HC-ATB, HC-LTB, and ATB-LTB

as paired variables, using SPSS 20.0 software (Statsoft Inc.,

Carey, J, USA) and the results were expressed as means with

standard errors (SE). The paired differences were considered

significant when the p-values were less than 0.05 (at a 95%

confidence level). Microsoft Excel software version 2013 was

used to draw curves and graphs.

The software EasyROC (ver. 1.3.1) is a web-based tool used to

analyze ROC (Receiver Operating Characteristics) curves (50). In

addition to creating ROC curves, this application calculates the Area

Under the Curve (AUC) (50), which is a measure of the capacity of

a parameter to distinguish between two groups (51). In ROC curve

analysis, the AUC values lie between 50% and 100%, with 50%

being a bad classifier and 100% being a perfect classifier (52). 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) (53). An AUC of below 50% indicates a set of

random values unable to distinguish between two groups (54).

Here, the ROC curves were used to assess the ability of targeted

lncRNAs (lncRNA THRIL and lincRNA-p21) to discriminate

among the various groups (HC, ATB, and LTB). These curves

were set up with the normalized 2−ddCq generated through the

calculations done using the LIVAK method.
Results

Sociodemographic and clinical
characteristics of the study population

Fifty-five (55) participants were enrolled during this study,

with 69% (n = 38) being male and 31% (n = 17) female. Twenty-

seven percent (n = 15) of the participants were aged between 25

and 34 years. Table 3 shows the details of the sociodemographic

and clinical characteristics of the study population.
TABLE 2 Sequences of qPCR primers used.

Gene Sens Sequences

hs-GAPDH forward 5’-GAA ATC CCA TCA CCA TCT TCC AGG-3’

reverse 5’-GAG CCC CAG CCT TCT CCA TG-3’

LncRNA THRIL forward 5’-AAC TTC TGA CCT CAG GTG ATC CAT-3’

reverse 5’-AAG GGA GTT TCA GAA GGT GTG GCT-3’

LincRNA-p21 forward 5’-GGG TGG CTC ACT CTT CTG GC-3’

reverse 5’-TGG CCT TGC CCG GGC TTG TC-3’
TABLE 1 Amplification program.

Number of cycle
(s)

Steps Conditions

1 Pre-incubation 95°C for 10 min

50 Denaturation 94°C for 10 s

Annealing 55°C for 15 s

Elongation 72°C for 10 s

Data
acquisition

1 Melting curve Start temperature: 65°C;
End temperature: 97°C;
Hold time: 00:01;
Temperature increment after hold:
0.2°C.
TABLE 3 Sociodemographic and clinical characteristics for the 55 participants.

HC ATB LTB All

Gender Male 12 63% 15 71% 11 73% 38 69%

Female 7 37% 6 29% 4 27% 17 31%

Age (years) [18–24] 2 11% 6 29% 6 40% 14 25%

[25–34] 6 32% 5 24% 4 27% 15 27%

[35–44] 5 26% 4 19% 2 13% 11 20%

[45–64] 5 26% 6 29% 3 20% 14 25%

[65–∞[ 1 5% 0 0% 0 0% 1 2%

Total 19 21 15 55
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LncRNA THRIL and lincRNA-p21 are
upregulated in the whole blood of latent
and active tuberculosis patients

The expression levels of lncRNA THRIL in the whole blood

of latent TB (2.34 ± 0.81) and active patients (2.69 ± 1.05) were

significantly higher (P <0.05) compared to healthy controls

(Figure 1). However, the whole blood of patients with latent

TB displayed similar levels of THRIL (P ≥0.05) compared to

patients with active TB (Figure 1). Thus, THRIL is more

expressed in latent and active TB than in the healthy state.

The expression levels of lincRNA-p21 in the whole blood of

latent TB (2.07 ± 0.71) and active patients (4.33 ± 1.33) were

significantly (P <0.05) upregulated compared to healthy controls

(Figure 2). Similarly, patients with latent TB expressed higher

levels of lincRNA-p21 (P <0.05) than patients with active TB

(Figure 2). Thus, lincRNA-p21 is most upregulated in the case of

active TB.
THRIL and lincRNA-p21 can discriminate
between latent TB, active TB, and
healthy individuals

When comparing the latent TB patients and healthy

controls, both lncRNAs exhibited an AUC value of 92.86%

(Figure 3). This implies that THRIL and lincRNA-p21 are

excellent categorizers of these two groups.

In terms of the discrimination of patients with active

pulmonary TB from healthy controls, THRIL showed an AUC
Frontiers in Tropical Diseases 05
of 89.79%, while lincRNA-p21 showed 100% (Figure 4). This

result indicates that THRIL is good, whereas lincRNA-p21 is

excellent at distinguishing between active pulmonary TB and

healthy controls.

When looking at latent versus active pulmonary

tuberculosis, THRIL and lincRNA-p21 displayed respective

AUCs of 64.28% and 92.86% (Figure 5). Thus, THRIL is a
FIGURE 1

Relative expression of lncRNA THRIL in whole blood samples of
the different subject groups. Total RNA was extracted. The
lncRNA THRIL level was assessed by RT-qPCR. The 2−DDCq

method was used to calculate the lncRNA relative expression of
the healthy controls (HC), active (ATB), and latent tuberculosis
patients (LTB).
FIGURE 2

Relative expression of lincRNA-p21 in whole blood samples of
the study population. After the extraction of total RNA, the
expression of lincRNA-p21 was evaluated by RT-qPCR. The
lncRNA relative expression of the healthy controls (HC), active
(ATB), and latent tuberculosis patients (LTB) was worked out
using the 2[−Delta Delta C(q)] method.
FIGURE 3

LncRNA THRIL and lincRNA-p21 levels discriminate latent
tuberculosis patients from healthy controls. Total RNA was
obtained from the whole blood samples of latent tuberculosis
patients (LTB) and healthy controls (HC). The LncRNA THRIL and
lincRNA-p21 relative expression levels were measured by RT-
qPCR coupled to the 2−DDCq method. The ROC curves were
generated and the area under the curve (AUC) values were
calculated using the software easyROC.
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poor classifier, whereas lincRNA-p21 is excellent in the

distinction of active from latent pulmonary TB.

Therefore, these data suggest that THRIL and lincRNA-p21

can be considered potential biomarkers in the diagnosis of TB,

and lincRNA-p21 might serve as a biomarker in the diagnosis of

latent TB.
Discussion

The early diagnosis of tuberculosis is one of the key elements of

the End TB Strategy. Infection with M. tuberculosis leads to an

altered expression profile of many non-coding RNAs (ncRNAs)

that could be exploited as biomarkers for the early diagnosis of TB.
Frontiers in Tropical Diseases 06
Although there is limited knowledge on lncRNA alteration during

the onset and progression of several diseases, using these

biomolecules as diagnostic biomarkers is advantageous in that

they are altered early in the disease process compared to proteins,

and hence are more suitable for early diagnosis (55). Moreover, they

are found stable while circulating in extreme body fluid milieus and

conditions (56) and display high cell, tissue, and context-specific

expression profiles (57). Hence, this study aimed to investigate

lncRNA THRIL and lincRNA-p21 as TB diagnostic biomarkers

useful for accurate early diagnosis of this disease.

The expression levels of these two lncRNAs were first

measured in the whole blood collected from healthy volunteers

and latent and active TB patients. This study revealed that

lncRNA THRIL and lincRNA-p21 levels were increased in the

whole blood of latent and active TB patients as compared with

healthy controls. Since TB is known as an inflammatory disease

(58), we speculate that this lncRNA upregulation probably

resulted from the inflammatory response to infection by

bacteria of the M. tuberculosis complex. Indeed, the lncRNA

THRIL was reportedly upregulated in rheumatoid arthritis,

which is a well-known inflammatory disease. In this disease

model, the lncRNA THRIL upregulation was positively linked

with the level of TNF-a, which is a proinflammatory cytokine

(59). It was also demonstrated that lincRNA-p21 exerts pro-

inflammatory effects in the microglia (37). Whether the

upregulation of these lncRNAs mediates, regulates, or is just a

consequence of inflammation remains to be investigated.

In this study, the whole blood lincRNA-p21 level showed

excellent performance (AUC = 100%) in distinguishing active

tuberculosis patients from healthy controls. Meanwhile, the

THRIL level was a good discriminator (AUC = 89.79%) of active

tuberculosis patients from healthy individuals. Similarly, an

lncRNA: LOC152742 was reported to be an excellent classifier of

active tuberculosis compared to healthy controls either in sputum

or in plasma with AUC of 91.4% and 92.3%, respectively (60).

Moreover, several microRNAs have been reported as biomarkers to
FIGURE 5

The ability of lncRNA THRIL and lincRNA-p21 levels to discriminate between latent and active pulmonary tuberculosis patients. Total RNA
derived from the whole blood samples of latent (LTB) and active (ATB) tuberculosis patients was used to detect the lncRNA THRIL and lincRNA-
p21 by RT-qPCR. The relative expression levels pf lncRNAs were obtained through the 2[−Delta Delta C(q)] method. The ROC curves were
constructed and the corresponding area under the curve (AUC) values were gotten from the software easyROC.
FIGURE 4

LncRNA THRIL and lincRNA-p21 levels distinguish between
active pulmonary tuberculosis patients and healthy controls.
Total RNA was purified from the whole blood samples of active
tuberculosis patients (ATB) and healthy controls (HC). The
LncRNA THRIL and lincRNA-p21 relative expression levels were
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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discriminate active tuberculosis patients from healthy individuals.

For instance, miR-292 (61), miR-361 (62), miR-889 (62), miR-576-

3p (62), and miR-155 (63) were found to be diagnostic biomarkers

of active tuberculosis in the blood with AUC values of 83.1%, 84.8%,

76.5%, 71.1%, and 89.7%, respectively. Tu et al. (64) demonstrated

that miR-17-5p, miR-20b-5p, and miR-378a-3p could discriminate

between the serum of active tuberculosis from those of healthy

controls with an AUC of 82.2%, 74.7%, and 67.7%, respectively. The

combination of these three miRNAs gave an AUC of 90.8%. None

of these miRNAs alone showed excellent diagnostic performance.

The diagnosis of latent tuberculosis remains a challenge

nowadays, one of the reasons being that there is no reference test

(65). The usual tests are the tuberculin skin test and the interferon-

gamma release assay (IGRA) (66–68). None of these two tests can

discriminate between active and latent tuberculosis infection. Ndzi

et al. (53) found that miR-29a-3p was a good discriminator (AUC =

84.35%) of latent and active TB. This study reported for the first

time that the whole blood lincRNA-p21 level displays excellent

(AUC = 92.86%) performance in distinguishing active versus latent

TB. However, THRIL showed anAUC of 64.28% and thus, is a poor

classifier of latent and active TB. THRIL is linked to TNFa, which is
involved in granuloma formation (69). M. tuberculosis is recruited

in a granuloma and can survive inside in a dormant state, causing

latent tuberculosis (70). On the other hand, TNFa is a key cytokine

in pro-inflammatory processes. Hence, latent and active

tuberculosis patients expressed similar levels of THRIL. Therefore,

this lncRNA could not differentiate them.

The ability of lncRNAs THRIL and lincRNA-p21 to

distinguish drug-susceptible from drug-resistant tuberculosis

patients or to monitor TB therapy progress is still unknown

and could constitute good avenues to explore for the

enhancement of the fight against TB.

The present study reports that the whole blood lncRNA

THRIL and lincRNA-p21 levels are significantly higher in

patients with latent and active TB as compared to healthy

individuals. The lncRNA THRIL showed good performance in

distinguishing between active TB patients and healthy

individuals but displayed poor performance in differentiating

between latent and active TB patients. lincRNA-p21 was

excellent in discriminating between active TB patients and

healthy individuals as well as in differentiating between latent

and active TB patients. The lncRNA THRIL and lincRNA-p21

are biomarkers that can potentially be used in the diagnosis of

human pulmonary tuberculosis.
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