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Abstract

In the present study, we aimed to investigate whether an automated molecular diagnostic
method based on PCR-reverse blot hybridization assay can discriminate between human
Mycobacterium tuberculosis (MTB)-positive and -negative FFPE tissues and to compare the relative
mRNA expression levels of various host immune markers between MTB-infected and uninfected
human tissues using quantitative reverse transcription (QRT) PCR. A total of 52 human FFPE tissue
samples from various regions of the body, including the lungs, lymph nodes, tendons, colon, and
appendix, were collected and used for the molecular identification of Mycobacterium species and
analysis of cytokine mRNA expression. As a result, IFFN-y, TNF-o, IP-10, CXCLY, CXCL11, and GM-
CSF mRNA expression levels in MTB-infected tissues were significantly higher than those in
uninfected samples. Additionally, the differences in the mRNA expression levels of /FN-y, CXCL9, and
GM-CSF between MTB-infected and uninfected tissues were statistically significant were statistically
significant (p < 0.05). Correlation curve analysis indicated that the mRNA expression of /FN-y was
inversely proportional to that of /P-10 and that the mRNA expression levels of /FN-y, TNF-o, CXCL9,
CXCL11, GM-CSF, and TNFR were proportional and well-correlated. Furthermore, to establish marker
profiles for detecting MTB infection, the statistically significant expression levels of three markers were
combined. We confirmed that the combined profile of I/FN-y, CXCL9, and GM-CSF expression levels
was statistically significant (P < 0.001). Although the mRNA expression patterns of host immune
markers may vary according to MTB infection status, these patterns may be highly correlated and can
be simultaneously used as an additional indicator for diagnosing TB.
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1. Introduction

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (MTB) and
remains a serious health problem worldwide [1]. According to a World Health Organization report in
2018, the Republic of Korea had the highest prevalence and mortality rate for TB among countries in
the Organization for Economic Cooperation and Development [2]. Moreover, cases of multi-drug-
resistant and extensively drug-resistant TB are rapidly increasing, leading to increased difficulties in
efficient TB treatment and control [3].

Several different immune markers such as cytokines, chemokines, immune regulators, and
immune stimulating factors have recently been shown to play important roles in hosts infected with
MTB [4]. In a study, tumor necrosis factor-alpha (TNF-a), an inflammatory cytokine, was reportedly
implicated in not only the proliferation and differentiation of immune cells but also in inflammatory
processes, including apoptosis of MTB-infected cells [5]. In another study, interferon-gamma (IFN-y)
and antigen-specific T cells reportedly controlled MTB infection [6]. In addition, interleukin 2 (IL-2)
levels have been found to be significantly higher in patients with active TB than in healthy control
groups [7], and IL-4 has also been reported to act as an anti-inflammatory cytokine in cases of TB
infection [8]. Furthermore, C-X-C motif chemokine 9 (CXCL9; a monokine induced by IFN-y) levels
in the plasma of patients with active pulmonary TB are higher than that in the plasma of healthy
individuals [4]. CXCL10 (an IFN-y—inducible protein of 10, IP-10) levels have also been found to be
elevated in patients with TB lymphocytic pleural effusion [9], and CXCL11 (an IFN-y inducible T cell
alpha chemoattractant) levels have been shown to be significantly increased by stimulation with an
MTB antigen [10]. Importantly, research has also shown that the mRNA levels of these immune markers
can be precisely measured in blood immune cells to distinguish among individuals with active TB, those
with latent TB infection (LTBI), and healthy controls [11]. Granulocyte-macrophage colony-
stimulating factor (GM-CSF) is a biomarker that can be used to differentiate between persons with
active TB and QuantiFERON TB Gold In Tube (QFT-GIT) test-positive persons [12]. Higher levels of
plasma CCL11 (eotaxin) and TNF receptor (TNFR) have also been associated with loss of CD4" T cells
[13].

Here, we aimed to investigate whether an automated molecular diagnostic method based on
PCR-reverse blot hybridization assay (REBA) can discriminate between human MTB-positive FFPE
tissues and MTB- and NTM-negative FFPE tissues and to compare the mRNA expression levels of
various host immune markers in MTB-infected human tissues using quantitative reverse transcription
PCR (qRT-PCR) TagMan probe assays.

2. Methods
2.1. Patients and clinical samples

A total of 52 human FFPE tissue samples were collected between 2011 and 2017 by the
Department of Pathology of Kosin University Gospel Hospital in Busan, Republic of Korea. Clinical
data indicated that five of the samples were positive and 11 were negative for MTB infection according
to Ziehl-Neelsen AFB staining. The other 36 samples were not assessed using AFB staining.

2.2. Genomic DNA extraction and Molecular identification of Mycobacterium species
gDNA extraction from FFPE tissue samples was performed using QIAamp DNA FFPE Tissue
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The concentration and
purity of the gDNA extracted from the FFPE tissues were measured using NanoDrop 2000 (Thermo
Fisher Scientific, Waltham, MA, USA), then extracted DNA was used to confirm MTB-positive and -
negative using REBA Myco-ID® Kit (YD Diagnostics, Yongin, Republic of Korea) according to the
manufacturer’s instructions. All reactions were automatically performed by the HybREAD 480®
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System (YD Diagnostics). After the processes were complete, the data were interpreted using an
HybREAD® 480 Scanner (YD Diagnostics).
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2.3. Total RNA isolation

Total RNA isolation from human FFPE tissue samples was performed using PureLink™ FFPE
Total RNA Isolation® kit (Invitrogen, Waltham, MA, USA) according to the manufacturer’s
instructions. The concentration and purity of isolated total RNA from FFPE tissues were measured
using NanoDrop™ 2000 (Thermo Fisher Scientific), and the isolated RNA was then stored at -80°C
until further use.

2.4. Reverse transcription (RT) reaction

RT reactions were performed using Moloney Murine Leukemia Virus Reverse Transcriptase
(M-MLV RT) cDNA Synthesis kit (Thermo Fisher Scientific) and Random Hexamers (Invitrogen)
according to the manufacturers’ instructions. The mixture was initially heated at 65°C for 5 min and
then incubated at 25°C for 10 min, 50°C for 50 min, and 70°C for 15 min. All reactions were performed
using SimpliAmp Thermal Cycler (Life Technologies, Carlsbad, CA, USA). The final cDNA samples
were stored at -20°C until further use.

2.5. Gene expression profiling by multiplex bead array

Gene expression profiling for targeting the mRNA (transcript) expression levels of 25 different
host immune markers, including C-C motif chemokine ligand 2 (CCL2, monocyte chemoattractant
protein 1, MCP1), CCL3 (macrophage inflammatory protein 1-alpha, MIP-1a)), CCL4 (MIP-1B), CCL11
(eotaxin), C-X-C motif chemokine 8 (CXCLS, IL-8), CXCL9 (MIG), CXCL10 (IP-10), CXCL11 (I-
TAC), GM-CSF, IFN-y, IFN-y receptor 1 (IFN-yR1), IL-1o. (IL-1F1), IL-1f (IL-1F2), IL-2, IL-2Ra, IL-
4, IL-5, IL-6, IL-6Ra, IL-10, IL-12, IL-17, IL-18, TNFRI, and TNF-a, was analyzed using QuantiGene®
Plex Gene Expression Assay (Thermo Fisher Scientific) and MAGPIX® multiplexing system (Luminex,
Austin, TX, USA). All target gene expressions were normalized against three endogenous control genes
encoding peptidyl-prolyl cis-trans isomerase B (PPIB), glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), and hypoxanthine phosphoribosyltransferase 1 (HPRT1). The process was performed
according to the manufacturer’s instructions.

2.6. Quantitative RT-PCR TagMan probe assays

gRT-PCR TaqMan probe assays (Roche Diagnostics, Mannheim, Germany and Applied
Biosystems, Waltham, MA, USA) were performed to target the mRNA expression of multiple host
immune markers ; qRT-PCR primer and TagMan probe pairs were used to amplify the mRNA of Thl-
type cytokines and receptors (/FN-y, TNF-a, TNFR, IL-2, and IL-2R), Th2-type cytokine (/L-4), [FN-y-
induced chemokines (CXCL9, CXCL10, and CXCL11), chemotactic factor (CCL11), stimulating factor
(GM-CSF), and internal reference protein (GAPDH).

2.7. Statistical analysis

All statistical analyses were performed using GraphPad Prism v. 5.00 (GraphPad Software,
San Diego, CA, USA). Significant differences in the mRNA expression levels of MTB-positive and
MTB-negative tissues, together with 90% confidence intervals (Cls), were calculated and compared
using unpaired ¢-tests. Associations between the mRNA expression levels of IFN-y and other cytokines
were measured using Spearman’s rank correlation coefficient (r). An ROC curve analysis was
performed to confirm clinical applicability. A p-value of less than 0.05 was considered statistically
significant.

3. RESULTS
3.1. Demographics
The demographics of the participants are shown in Table 1. The mean age of the participants
from whom samples were collected was 51.7 years (range 17-87) and the male-to-female ratio was
2.05:1 (67.3% to 32.7%). FFPE tissues were obtained from various regions of the body, including the
colon (n =14, 26.9%), lungs (n =13, 25.0%), ileum (n = 7, 13.6%), lymph nodes (n = 6, 11.6%), skin
4
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(n=3,5.8%), ears (n= 2, 3.8%), and appendix, bronchus, finger joint, kidney, testis, tendon, and soft
tissue (each n =1, 1.9%).
3.2. Mycobacterial infection pattern

REBA Myco-ID® assay was performed to investigate mycobacterial infections; the results are
shown in Table 2. Among the 52 samples, 11 samples (21%) were MTB-positive, 20 (39%) were NTM-
positive, 8 (15%) were MTB- and NTM-double positive, and 13 (25%) were negative.

3.3. Gene expression profiling of host immune markers in MTB-infected and uninfected
tissue samples

Of the 25 target genes assessed, the gene expression levels of CXCL9, CXCL10, CCL2, CCL3,
CCL4, CCLI11,IL1p, IL-2R, TNFR, and IL-6R were higher in MTB-infected tissues than in uninfected
tissues; however, the mRNA expression levels of CXCL9, CCL2, CCL3, CCL4, IL1p, and IL-6R varied
in MTB-infected tissues, even though they exhibited higher mRNA expression levels. The mRNA
expression levels of IFN-y, TNF-a, IL-2, IL-4, and CXCL11 reportedly increased upon infection with
MTB based on previous studies; however, the differences in the mRNA expression levels of /L-6 and
1L-8 between MTB-infected and uninfected tissues were not significant (Table 3).

3.4. mRNA expression patterns in samples according to MTB infection

Shown in Figure 1 are the mRNA expression levels of MTB-positive and MTB-negative
tissues. The mRNA expression levels of IFN-y, TNF-a, CXCL9, CXCL10, CXCLI11, and GM-CSF were
relatively higher in MTB-positive tissues than in MTB-negative tissues. In particular, /FN-y, CXCLY,
and GM-CSF were significantly higher (p <0.05) in MTB-positive tissues than in MTB-negative
tissues. /L-2 and CCL11 mRNA expression levels were lower in MTB-positive tissues than in MTB-
negative tissues; however, the mRNA expression levels of /L-2R and TNFR were not different between
MTB-positive tissues and MTB-negative tissues. /L-4 mRNA expression levels were not detected
owing to low levels. To establish marker profiles for detecting MTB infection, the expression levels of
three markers whose differences between MTB-positive and MTB-negative tissues were statistically
significant were combined and validated. The differences in the combined profile of /FN-y, CXCL9,
and GM-CSF expression levels discriminated between MTB-positive and -negative tissues and was also
statistically significant (P < 0.001).

3.5. Correlation curve analysis patterns of mycobacterial infection

The correlation curve analysis was based on the expression levels of /FN-y, which is known
to specifically increase in host tissues with MTB (Figure 2). The mRNA expression levels of IFN-y
were significantly correlated with those of TNF-o, CXCL9, CXCL11, GM-CSF, and TNFR; however,
there was no correlation between the mRNA expression levels of /FN-y and IL-2 or IL-2R. Interestingly,
the mRNA expression levels of /FN-y and CXCL10 were inversely proportional.

3.6. Receiver operating characteristic (ROC) curve analysis of the mRNA expression
levels of host immune markers

ROC curve analysis was performed to ensure that the results were clinically applicable (Figure
3). The area under the curve (AUC) was 0.696 (p = 0.0414) for IFN-y, 0.625 (p = 0.1934) for TNF-a,
0.679 (p = 0.063) for CXCL10 (IP-10), 0.562 (p = 0.516) for IL-2R, 0.598 (p = 0.312) for IL-2, 0.511
(p=0.925) for CCL11,0.736 (p =0.015) for CXCL9, 0.677 (p = 0.068) for CXCL11, 0.696 (p = 0.044)
for GM-CSF, and 0.580 (p = 0.412) for TNFR. Only the p-values pertinent to /F'N-y and CXCL9, among
10 host immune marker genes, were significant (p < 0.05); the AUCs of both were approximately 0.7.
In addition, the p-value and the AUC of the combination of /FN-y, CXCL9, and GM-CSF expression
levels were 0.0016 and 0.7989, respectively.

4. DISCUSSION
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TB remains a serious global health problem [14]. Also, NTM infections make the accurate
diagnosis and treatment of TB challenging [15], and effective methods are needed to accurately identify
different mycobacterial species. Therefore, we determined, using an automated molecular
mycobacterial identification system, and analyzed the mRNA expression patterns of various host
immune markers in tissues according to MTB infection status.

Recent studies have shown that many cytokines play an important role in cell-mediated
immune responses to MTB infections [16]. So, we conducted to profile the gene expression patterns of
11 host immune markers in MTB-positive and -negative FFPE tissues.

Gene expression patterns were profiled using QuantiGene® Plex assay (Thermo Fisher
Scientific), and out of a total of 25 immune cytokine genes, the mRNA expression levels of /FN-y, TNF-
o, IL-2, IL-2R, IL-4, CXCLY9, CXCL10, CXCL11, and GM-CSF, which are known to increase upon
infection with MTB, were higher than those in uninfected tissues. Specifically, TNFR and CCL!1
expression levels were significantly increased. Although the expression levels of CCL2, CCL3, CCL4,
IL1pB, and IL-6R were also significant, the differences among sample results were borderline significant
and therefore were excluded.

Therefore, to definitively confirm the gene expression patterns of 11 host immune markers,
we performed qRT-PCR analyses using TagMan probes. In a previous study, /FN-y and CXCL9 mRNA
levels were found to be significantly higher in individuals with active pulmonary TB than in healthy
controls [11]. In another study wherein the GM-CSF levels between IGRA-positive and -negative cases
were compared, the cytokine levels in IGRA-positive cases were noted to be significantly higher than
those in negative cases [13]; our results are consistent with this finding in tissue samples with and
without MTB infection. Furthermore, in our ROC curve analysis, the AUCs of I/FN-y, CXCL9, and GM-
CSF were approximately 0.7. To establish marker profiles that can discriminate between MTB-positive
and -negative tissues, two groups, each consisting of combined and validated statistically significant
mRNA levels of three immune markers, were used. A combined profile of IFN-y, CXCL9, and GM-
CSF mRNA expression levels can discriminate between MTB-positive and -negative groups and was
statistically significant (P < 0.001). With this, even when clinical molecular diagnostic assays such as
PCR-REBA and nested PCR assays for detecting MTB indicate negative results, accurately diagnosing
a clinical case of TB is possible by analyzing the gene expression patterns of select host immune
markers. Additionally, even if DNA fragmentation occurs, the mRNA levels of cytokines remain
unaffected.

Our study has some limitations. First, a small sample size was used; further research with a
larger sample would provide improved significance to succeeding results. Second, the method used in
this study is not easily applicable in clinical settings owing to the use of tissue samples from patients.
Our analysis was conducted as a preliminary study of the gene expression patterns in peripheral whole-
blood samples for the detection of TB. Further research on cytokine analysis using peripheral whole-
blood samples in patients with extrapulmonary TB would be required.

5. Conclusion

In conclusion, the mRNA expression levels of the host immune markers /FN-y, TNF-a,
CXCLY, CXCLI10, CXCL11, IL-2R, and GM-CSF were higher in MTB-positive tissues than in MTB-
negative tissues. Specifically, increased mRNA expression levels of /FN-y, CXCL9, and GM-CSF were
statistically significant (p < 0.05), and ROC curve data indicated that the AUCs of the combination of
these three target mRNA expression levels exceeded 0.7. These results suggest that when TB is
suspected, gene expression analysis may be used to accurately diagnose the presence of TB.

Table 1. Tissue sample sources

Characteristics n (%)

Age (median = 51.7 SD + 16.3; range = 17-87)
<39 11(21.1)
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40-59 21 (40.4)
>60 20 (38.5)
Sex

Male 35 (67.3)
Female 17 (32.7)
Locations

Colon 14 (26.9)
Lung 13 (25.0)
lleum 7 (13.6)
Lymph node 6 (11.6)
Skin 3(5.8)
Ear 2 (3.8)
Bronchus 1(1.9)
Testis 1(1.9)
Tendon 1(1.9)
Kidney 1(1.9)
Appendix 1(1.9)
Soft tissue (hand) 1(1.9)
Finger joint 1(1.9)
Total 52 (100)

Table 2. Molecular identification of Mycobacterium species using PCR-REBA

MTB infection NTM infection MTB & NTM infection Negative Total
n (%) n (%) n (%) n (%) n (%)
11(21) 20 (39) 8 (15) 13 (25) 52 (100)

Table 3. mRNA expression levels of host immune markers measured using gene expression
profiling assay

Relative median fluorescent intensity (MFI)

Target gene value (range)
IFN-y 3.25(0-6.4)
INFGRI 1.75 (0-4.4)
TNF-a 3.4 (0-4.6)
TNFRSFI14 21.9 (2.1-29.1)
1L-14 23(0-5.2)
IL-1p 4.45 (0-14.4)
IL-2 2.3(0.8-7.5)
IL2RA 4.75 (0.7-8.9)
1L-4 2.65(0-4.2)
IL-5 1.8 (0-2.5)
1L-6 0.7 (0-1.1)
IL-6R 7.4 (1.0-27.1)
1L-8 0.3 (0.1-0.5)
1L-10 2.75 (0.6-4.7)
1L-124 3.35(0-5.8)
1L-174 2.1(0.7-3.5)
1L-18 2.65(0.2-4.6)
CXCL9 1.5 (0.1-24.8)
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CXCL10 (IP-10) 4.4(1.1-9.8)
CXCLI1 2.1(1-2.8)
CCL2 2.9 (0.6-44)
CCL3 4.85 (1.7-29.6)
cCL4 5.05 (0-22.4)
cCLil 10.45 (3.9-13)
CSF2 2.95 (1.4-3.9)

d0i:10.20944/preprints202105.0347.v1
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Figure 1. Comparison of the relative mRNA expression levels of host immune markers in tissues.
A. Interferon-gamma (/F'N-y), B. Tumor necrosis factor-alpha (TNF-a). C. Interferon gamma-inducible
protein 10 (/P-10). D. Interleukin-2 receptor (/L-2R). E. IL-2. F. CCL 11 (Eotaxin). G. Chemokine (C-
X-C motif) ligand 9 (CXCLY9). H. CXCL] 1. 1. Granulocyte-macrophage colony-stimulating factor (GM-
CSF). J. TNFR. K. IFN-y + GM-CSF. L. IFN-y + CXCL9. M. CXCL9 + GM-CSF. N. IFN-y + CXCL9
+ GM-CSF.
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Figure 2. Correlation curve analysis of mRNA expression levels of IFN-y and other host
immune markers in tissues. A. Tumor necrosis factor-alpha (7NF-a). B. Interferon gamma-
inducible protein 10 (IP-10). C. Interleukin-2 receptor (/L-2R). D. IL-2. E. CCL11 (Eotaxin). F.
Chemokine (C-X-C motif) ligand 9 (CXCL9). G. CXCL11. H. Granulocyte-macrophage colony-

stimulating factor (GM-CSF). 1. TNFR.
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Figure 3. Receiver operating characteristic (ROC) curve analysis of host immune marker mRNA
expression levels in tissues. A. Interferon-gamma (/FN-y), B. Tumor necrosis factor-alpha (TNF-a). C.
Interferon gamma-inducible protein 10 (/P-10). D. Interleukin-2 receptor (/L-2R). E. IL-2. F. CCL11
(Eotaxin). G. Chemokine (C-X-C motif) ligand 9 (CXCL9). H. CXCLI1. 1. Granulocyte-macrophage
colony-stimulating factor (GM-CSF). J. TNFR. K. IFN-y + GM-CSF. L. IFN-y + CXCL9. M. CXCL9
+ GM-CSF. N. I[FN-y + CXCL9 + GM-CSF.
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