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Low transcriptomic of PTPRCv1
and CD3E is an independent
predictor of mortality in HIV
and tuberculosis co-infected
patient

Gebremedhin Gebremicael™, Atsbeha Gebreegziabxier & Desta Kassa

A comprehensive assessment of immunological profiles during HIV-TB co-infection is essential to
predict mortality, and facilitate the development of effective diagnostic assays, therapeutic agents,
and vaccines. Expression levels of 105 immune-related genes were measured at enrolment and 6th
month follow-up from 9 deceased HIV and TB coinfected patients who died between 3 and 7th months
follow-up and at enrolment, 6th and 18th month from 18 survived matched controls groups for

2 years. Focused gene expression profiling was assessed from peripheral whole blood using a dual-
color Reverse-Transcription Multiplex Ligation-dependent Probe Amplification assay. Eleven of the
105 selected genes were differentially expressed between deceased individuals and survivor-matched
controls at baseline. At baseline, IL462 was significantly more highly expressed in the deceased group
than survivor matched controls, whereas CD3E, IL7R, PTPRCv1, CCL4, GNLY, BCL2,CCL5, NOD1,
TLR3, and NLRP13 had significantly lower expression levels in the deceased group compared to
survivor matched controls. At baseline, a non-parametric receiver operator characteristic curve was
conducted to determine the prediction of mortality of single genes identified CCL5, PTPRCv1, CD3E,
and IL7R with Area under the Curve of 0.86, 0.86, 0.86, and 0.85 respectively. The expression of these
genes in the survived control was increased at the end of TB treatment from that at baseline, while
decreased in the deceased group. The expression of PTPRCv1, CD3E, CCL5, and IL7R host genes in
peripheral blood of patients with TB-HIV coinfected can potentially be used as a predictor of mortality
in the Ethiopian setting. Anti-TB treatment might be less likely to restore gene expression in the level
expression of the deceased group. Therefore, other new therapeutics that can restore these genes
(PTPRCv1, CD3E, IL7R, and CCL5) in the deceased groups at baseline might be needed to save lives.

Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB), remains to be the major global health threat.
According to the World Health Organization (WHO), there were 10.0 million (range 8.9-11.0 million) new TB
patients in 2019". Globally, HIV-related tuberculosis comprises, 8.2% of new tuberculosis cases but contributes
a disproportionate around 15% of tuberculosis deaths in 2019'. WHO recommended developing an effective
diagnostic and treatment for latent TB infection to achieve the reduction of death from MTB by 35% from 2015 to
2020°. The cumulative reduction between 2015 and 2019 was only 14%, less than half of the first milestone of the
End TB Strategy’. After adjusting confounding factors (age, sex, residence, WHO stage, and body weight), People
living with HIV and TB co-infection had 40% higher mortality than those without TB?. Moreover, HIV and
TB co-infection have an adjusted 2.08 times higher risk of mortality compared to TB patients*. The underlying
causes of mortality are poorly understood. In HIV-related tuberculosis, early mortality has been associated with
proxy for severe immunosuppression®, increases immune activation®®, and failure to recover cellular immune
responses to Mycobacterium tuberculosis®, lack of effective immunity at baseline'.

Prediction of mortality during HIV and TB co-infection is a major challenge. Furthermore, the currently
available diagnostic tools cannot predict mortality during HIV and TB co-infection, and cannot distinguish
which patients can survive or die. The study of the immune response and assessment of factors that contribute
to mortality may allow for the development of better diagnostics, therapeutics, treatment monitoring tools.
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Figure 1. Flow diagram of the cohort. At enrollment 58 HIV + TB+ subjects were enrolled: All HIV + TB+
patients were ATT treated at baseline. LFU Lost during follow up, HAART+ Subjects that had received HAART
treatment for at least 3 months at 6th month follow up HAART—- Subjects that had not received HAART
treatment at the indicated time point. All death group was HAART- until the death date.

Importantly, the association of host gene expression with the risk of mortality in HIV and TB co-infected indi-
viduals is not adequately investigated. Therefore, our study was focused on host gene expression for assessing the
mortality risk of TB-HIV co-infected individuals. Therefore, we aimed to assess host gene expression in whole
blood that can be predict mortality during HIV-TB co-infection using focused gene expression profiling by dual-
colour Reverse-Transcription Multiplex Ligation-dependent Probe Amplification (dcRT-MLPA).

Materials and methods

Ethics statement. All study participants requested if provided written, informed consent at enrollment.
This study obtained ethical clearance from the Scientific and Ethics Research Office of the Ethiopian Public
Health Research Institute (Ref: EEH.N.R.I. 6.13/01) and the London School of Hygiene & Tropical Medicine
Ethics Review Committee (Ref: 7174). All study procedures were conducted according to the Declaration of
Helsinki.

Study design and population. This matched case-control and an observational cohort study was part
of the previous study'’. The study participants were 9 active TB-HIV infected patients (HIV + TB +) who died
between 3 and 7 months, and 18 HIV + TB + survived patients which were followed at 6th, 18th and 24 months
(Fig. 1). All of the deceased groups and survived controls were not HAART treated. Whole blood was collected
from the 5 of 9 deceased groups before they deceased. For each deceased individuals, two matched controls
that remained survived during 2 years of follow-up time were selected and matched by age at enrolment, sex
(<18 years, 19-25 years, 26-35 years, or > 36 years), and, year of enrolment'?, CD4+ count and viral load. All
cases and controls were treated for TB treatment at recruitment time according to the national guideline®.

Diagnostic assessment. HIV status was determined using the Determine HIV-1/2 screening test (Abbott Labo-
ratories, Tokyo, Japan), the Capilus HIV1/2 as a confirmatory test (TrinityBiotec, Wicklow, Ireland), and the Uni-
gold HIV-1/2 recombinant test (TrinityBiotec, Ireland) as a tiebreaker'’. The CD4+ T-cell count was determined
by flow cytometry, using the FACSCalibur platform (Becton Dickinson, USA), while the plasma HIV RNA load
was determined using the NucliSensEasyQ NASBA diagnostic kit (OrganonTeknica, the Netherlands). A diag-
nosis of active tuberculosis was based on both clinical and bacteriological parameters. At least 2 sputum smears
(a spot sample and an early morning sample) were required to be positive by microscopy for acid-fast bacilli,
using the ZiehINeelsen staining method (independent of the presence/absence of clinical parameters).

Laboratory procedure. RNA extraction. A total of 2.5 mL of venous blood was collected into Paxgene Blood
RNA tubes (PreAnalytiX, Qiagen, Germany). RNA was extracted spin column-based using the Paxgene RNA
extraction kit (PreAnalytiX, Qiagen) according to the manufacturer’s instructions. After the Paxgene tubes were
briefly centrifuged at 4000 rpm for 10 min, the pellet of cells was lysed using lysing Buffer (Buffer BR1). The
unwanted protein in the lysed pellet was removed using proteinase K. Ethanol-precipitated nucleic acids were
loaded onto a spin column. Unwanted DNA was digested using RNase-free DNase (Qiagen). Finally, purified
RNA was eluted with RNase-free elution buffer (BR5 buffer) and quantified using a NanoDrop 2000 Spectropho-
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tometer (Thermo Fisher Scientific, Wilmington, USA). The ratio of absorbance at 260 nm and 280 nm (A260/
A280) ranging from 1.8 to 2.2 was considered pure RNA. Moreover, the samples with the ratio absorbance range
of below 1.70 or above 2.3 were excluded from further analyses due to those samples do have not enough RNA
for MLPA analysis.

dcRT-MLPA.  dcRT-MLPA was performed as described in detail previously'. Briefly, for each target-specific
sequence, a specific reverse transcription (RT) primer was designed located immediately downstream of the left
and right-hand half-probe target sequence. Complementary DNA (cDNA) was generated from 125 ng RNA by
incubation at 37 °C for 15 min using an RT primer mix and Moloney murine leukemia virus (MMLV) reverse
transcriptase (Promega, USA). Reverse transcriptase activity was inactivated by heating at 98 °C for 2 min and
c¢DNA was incubated overnight at 60 °C with a mixture of customized left and right-hand half-probes to hybrid-
ize with the target cDNA. Annealed half-probes were ligated using ligase-65 enzyme and subsequently amplified
by PCR (33 cycles of 30 s at 95 °C, 30 s at 58 °C, and 60 s at 72 °C, followed by 1 cycle of 20 min at 72 °C). Primers
and probes were from Sigma-Aldrich Chemie (Zwijndrecht, The Netherlands) and MLPA reagents from MRC-
Holland (Amsterdam, The Netherlands). PCR amplification products were 1:10 diluted in HiDi formamide-
containing 400HD ROX size standard, denatured at 95 °C for 5 min, cooled on ice, and analyzed on an Applied
Biosystems 3730 capillary sequencer in GeneScan mode (Base Clear, Leiden, The Netherlands).

Trace data were analyzed using GeneMapper software 5 package (Applied Biosystems). The areas of each
assigned peak (in arbitrary units) were exported for further analysis in Microsoft Excel spreadsheet software.
The data were normalized against each of the four reference genes (GAPDH, B2M, GUSB, or ABR). The GAPDH
normalized data was the best to use for downstream analysis since this gene was nicely expressed in almost all
samples. Signals below the threshold value for noise cutoft in GeneMapper (log2 transformed peak area 7.64)
were assigned the threshold value for noise cutoff. Finally, the normalized data were log2 transformed for sta-
tistical analysis.

RT primers and half-probes were designed by Leiden University Medical Centre (LUMC, Leiden, The Neth-
erlands)'>!® and comprise sequences for 4 housekeeping genes and 105 selected genes to profile the innate and
adaptive immune response’*. These selected genes were related to active TB disease or protection against disease
identified as described in previous studies in the literature.

Statistical analysis. A non-parametric two-tailed Wilcoxon rank-sum (Mann-Whitney) test was used to
compare two unpaired data sets after assessment of the normality of the data using the Kolmogorov Smirnov
test. Non-parametric Receiver Operator Characteristic (ROC) curves were used to determine the potential pre-
dictor of mortality in HIV + TB+ patients. Spearman rank correlation was used to measure the degree of associa-
tion between mortality and single host gene expression. The statistical significance level used was P <0.05 and all
P values are two-tailed. All data analysis was performed using Inter cooled STATA version 16.0 (College Station,
Texas, USA).

Results

Characteristics of the study population at baseline. Nine HIV +TB+ who died between 3 and
7 months, and 18 matched control HIV + TB+ survived patients which were followed at 6th, 18th and 24 months
were included in this matched case-control and an observational cohort study. Baseline demographic, clinical,
and laboratory data for each study group are shown in Supplementary Table 1. The mean age (+SD) of deceased
groups, and matched controls was 31.9+8.9 and 32.4+9.6 years, respectively, and 33.3% of both the groups
were female. Statistically significant differences between cases and matched controls were not observed in the
proportion of patients with malnutrition (defined as a body mass index [calculated as the weight in kilograms
divided by the height in meters squared] of < 18.50)'7, CD4+ T-cell count, and HIV-1 RNA load (Supplementary
Table 1).

Gene expression profiles in deceased groups and survived matched controls. Host gene expres-
sion in whole blood from 9 deceased groups and 18 survivor matched controls were analysed by dcRT-MLPA
using probe sets for 105 selected gene profiles (targeting innate and adaptive immune responses genes) (Sup-
plementary Table 2). Eleven of the 105 selected genes were differentially expressed between deceased groups
and survivor-matched controls at baseline (Table 1). Thus, one gene (IL452) was significantly higher expressed
in deceased groups than survivor matched controls, whereas 10 genes (CD3E, IL7R, PTPRCv1, CCL4, GNLY,
BCL2, CCL5, NOD1, TLR3, and NLRP13) had significantly lower expression in deceased groups compared to
survivor matched controls.

At baseline, non-parametric receiver operator characteristic (ROC) curves was analysed to determine the
prediction of mortality of single genes identified CCL5, PTPRCv1, CD3E, IL7R, NOD1, IL462, and GNLY with
Area Under the Curve (AUCs) of 0.86, 0.86, 0.86, 0.85, 0.78, 0.77 and 0.76 respectively, indicating those genes
with the most powerful classifying potential biomarker for risk of mortality among survivors of HIV + TB+
(Fig. 2). The gene expression profiles of these signature genes are displayed in Fig. 3.

After performing the spearman analysis to look at the relationship among the expression of genes, the gene
expression of PTPRCv1 had a positive correlation with 5 gene expressions (CD3E, CCL5, IL7R, NOD1, and
GNLY), but a negative correlation with IL4d2 (Fig. 4). However, the gene expression of CD3E and IL7R did not
correlate with the expression of NOD1 and 1L4d2.

The host gene expressions at the follow-up time (6th and 18th months) in the survived matched control were
increased compared to the expression at baseline (Fig. 5). However, host gene expression in the deceased groups
was decreased or plane compared the expression at baseline level with that at TB treatment complement time.
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Gene symbol ‘ HIV +TB+ deceased (n=9) | HIV +TB+ survivor as control (n=18) | P-value
T cell subset markers

CD3E 12.27 (10.25-12.27) 13.21 (12.68-13.49) 0.0033
IL7R 9.98 (9.62-10.58) 12.02 (11.59-12.25) 0.0039
PTPRCv1 9.20 (8.99-9.95) 10.50 (10.03-11.62) 0.0028
Th2/Treg associated genes

11482 12.15 (9.78-13.17) 7.64 (7.64-11.20) 0.0200
CCL4 9.38 (9.16-9.72) 10.07 (9.39-10.25) 0.0492
Cytotoxicity genes

GNLY ‘ 12.01 (11.26-13.42) ‘ 13.88 (12.81-14.28) ‘0.0333
Apoptosis/survival

BCL2 | 8.27(7.64-897) | 954 (3.92-9.89) [ 0.0458
Myeloid associated genes

CCL5 ‘ 13.93 (13.14-14.37) ‘ 14.70 (14.36-14.83) ‘0.0033
Pattern recognition receptors

NOD1 7.79 (7.64-8.02) 8.32(7.96-8.52) 0.0183
TLR3 9.63 (9.45-10.12) 10.40 (10.21-10.82) 0.0380
Inflammasome components

NLRP13 | 7.64(7.64-7.64) 7.64 (7.64-9.32) [0.0177

Table 1. Gene expression profiles in deceased groups and survived controls. Median (interquartile range) gene
expression values (peak areas normalized for GAPDH and log2-transformed) are shown at the baseline of the
death groups and controls, and significant differences between the death groups and controls were determined
using the Wilcoxon Mann-Whitney test. In italics: genes are indicated that were more highly expressed in the
test group compared to the reference/control group. In bold: genes are indicated that had lower expression

in the test group compared to the reference/control group. Only genes whose expression level significantly
differed between the two study groups are listed.

Therefore, anti-TB treatment may not have any impact on the gene expression in HIV + TB+ patients with severe
diseases (at the level of the deceased group).

Discussion

Assessing immunological profiles predictors to mortality in HIV + TB+ co-infection patients is crucial for the
development of effective assays, the invention of novel therapeutic targets, and permitting suitable risk stratifi-
cation to target new interventions correctly, and aiding monitoring of treatment responses. The findings of the
study showed that IL462 was significantly high expressed in the deceased group than survivor matched con-
trols, whereas CD3E, IL7R, PTPRCv1, CCL4, GNLY, BCL2, CCL5, NOD1, TLR3, and NLRP13 had significantly
lower expression levels in deceased group compared to survivor matched controls at baseline. However, after
conducting ROC curves analysis, 8 single genes (CCL5, PTPRCv1, CD3E, IL7R, NOD1, IL-482, and GNLY) with
AUCs 275 could accurately differentiate the groups of HIV + TB+ co-infected individuals at baseline. This result
indicating these interrelating biomarkers are strongly associated with HIV + TB+ co-infected related mortality.

The lower expression of T-cell associated genes (PTPRCv1, CD3E, and IL7R) in these deceased groups at
baseline may reflect reduced responsiveness of TCR signaling which may represent an HIV-induced evasion
mechanism in individuals with weak immune systems'®2. Given the fact that HIV infection accelerates decreas-
ing of the expression of all investigated T cell subsets which leads to HIV progression. However, our result shows
the lower expression of PTPRCv]I cells in deceased groups was associated with an increased risk of dying which
is similar to the previous report®'. This lower expression may be related to the depletion of naive T cells**?*, and a
relative expansion of immature and activated CD4+ cells**?. Lower gene expression of CD3E in deceased groups
suggests a lack of pre-TCR-associated intrinsic kinase activity which may play a critical role in transmitting a
signal across T cell membrane?. A previous study demonstrated that low CD3E expression was a predictor of
poor survival?’. This may be correlated with the infiltration levels of CD8+ T cells to the infection site that leads
to deletion of T-cells and with the increase of pathological stage?. Lower expression of IL7R was also reported
in AIDS patients elsewhere previously?. These findings show impaired T-cell functions and immune failure
described in HIV + TB+ co-infected patients that can predict mortality. The function of IL-7R has improved the
functionality of tolerized CD8 T cells their ignorance of self-antigens and promoted CD8 T cell cytotoxicity to
self-antigens which protects autoimmune®.

Our finding shows that the gene expression of CCL5 (Myeloid-associated gene) was amongst the strongest
differentially expressed genes between deceased groups and survived matched controls, with potential discrimi-
natory power between deceased groups and survived matched controls. This is consistent with the expression
profiles of soluble CCL5/RANTES from plasma®. T cells preferentially used CCR5 interactions with ligands
(CCL5 and CCL4) for early migration into MTB-infected lungs and granuloma formation®', which indicates
CCL5 contributes to early protective, and MTB-specific immunity*?, but may also important role in immu-
nopathogenesis during TB*.
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Figure 2. Single host genes with discriminatory power to classify death groups from survived groups. Receiver
operator characteristics (ROC) curves showing the accuracies of individual genes in discriminating death
groups versus survival groups. AUC Area under the curve.

The host gene expressions at the follow-up time (6th and 18th months) in the survived matched control were
increased compared to the expression at baseline (Fig. 5). However, host gene expression in the deceased groups
was decreased or plane compared the expression at baseline level with that at TB treatment complement time.
Therefore, anti-TB treatment may not have any impact on the gene expression in HIV + TB+ patients with severe
diseases (at the level of the deceased group).

The survived matched control had increased host gene expression over the follow-up time (at 6th and 18th
months) from baseline (Fig. 5), which is similar to our previous finding ‘most gene expressions were normalized
at the end of anti-TB treatment of TB patients to levels observed in latent TB infected and uninfected control
subjects during HIV infection!!. This finding shows clearing of the TB bacilli from the infection body and
restoring gene expression due to anti-TB treatment. However, anti-TB treatment may be less likely to clear off
the TB bacilli and restore gene expression in these deceased groups. In our previous study, at baseline, there
was no giant distinction between host gene expression of HAART eligible and ineligible HIV + TB+ groups'*.
Moreover, HAART has no impact on the level of gene expression in HIV + TB+ patients with severe diseases (at
the level of the deceased group). However, the superiority of mortality amongst HAART ineligible groups was
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Figure 3. Gene expression profiles of signature genes. Median gene expression levels (peak areas normalized to
GAPDH and log2-transformed) of the indicated genes are shown as box-and-whisker plots (5-95 percentiles).
Significant differences between study groups were determined using Wilcoxon Mann-Whitney test. Shown are
individual genes that were found to have the best discriminatory power to distinguish between death groups
versus survival groups. (*P-value <0.05, **P-value <0.01, ***P-value <0.001, ****P-value <0.0001).

better than in eligible groups®. Therefore, other therapies that can restore these genes (PTPRCv1, CD3E, IL7R,
and CCL5) might be needed to save lives.

Our finding also shows low gene expressions of NOD1 and NLRP13 in deceased HIV + TB+ groups compared
to survived groups, but less likely to predict the mortality. Mekonnen and his colleagues demonstrated that NOD1
identified with novel genetic associations with TB in Ethiopian populations®*. NOD1 plays important role in
the detection of bacteria and the production of proinflammatory molecules, given that both signaling pathways
lead to NF-kB and MAPK activation®. NOD1 deficiency mice show increased susceptibility to lung infection,
which is associated with reduced neutrophil recruitment to the lungs®’, and associated with the development of
inflammatory disorders®®. In contrast to the other gene expression, the gene expression of IL-452 was higher in
the deceased HIV + TB+ groups compared to survival matched controls. Dheda et al. demonstrated that IL-462
was expressed higher in TB patients compared to controls and in HIV infected TB patients compared to HIV
uninfected patients which correlated with disease severity*>*’. Therefore, disease severity may have a direct
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ptprcvl  cd3e Om c¢cl5 Om il7r Om nodl Om i14d2 Om gnly Om

ptprcvl 1.0000
cd3e Om 0.6205* 1.0000
0.0007
ccl5 Om 0.6137* 0.7511* 1.0000

0.0009 0.0000

il7r Om 0.7552* 0.7326* 0.4660* 1.0000
0.0000 0.0000 0.0164

nodl Om 0.4609* 0.2899 0.4550* 0.2500 1.0000
0.0178 0.1508 0.0195 0.2180

i14d2 Om -0.4391* -0.3850 -0.2855 -0.2627 -0.4975* 1.0000
0.0248 0.0521 0.1575 0.1947 0.0097

gnly Om 0.6978* 0.7224* 0.7142* 0.6656* 0.3422 -0.3260 1.0000
0.0001 0.0000 0.0000 0.0002 0.0870 0.1041

Figure 4. The relationship among the expression of genes. Spearman analysis was done to look the relationship
among the expression of genes. Upper number indicates the degree of relation and lower number indicates
P-value. - Sign indicates negative relation and * indicates had relation between the host gene expression.

implications for mortality. However, IL462 had a wide 95% CI range and less than 0.65 lower limit of AUC [AUC
(95% CI) 0.77 (0.57-0.97)]. Therefore, IL-462 may have less probable to predict mortality.

In conclusion, the expression of PTPRCv1, CD3E, CCL5, and IL7R in peripheral blood can predict mortality
in HIV + TB+ co-infected individuals. Anti-TB treatment might be less likely to restore gene expression in the
level expression of the deceased group. Therefore, other new therapeutics or vaccine that can restore these genes
(PTPRCv1, CD3E, IL7R, and CCL5) in HIV + TB+ patients with severe diseases at baseline might be needed
to save lives. In the future, the identified biomarkers could be applied to facilitate the development of effective
assays for prediction of mortality in HIV + TB+ patients, the discovery of new drugs and vaccines that could
restoring the gene expression of these genes (PTPRCv1, CD3E, CCL5, and IL7R), and aid monitoring of treat-
ment responses. Future work could determine to completely characterize these signatures in different populations
and larger study populations.
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Figure 5. Anti-TB treatment response transcriptomic profiles. Median gene expression levels (peak areas
normalized to GAPDH and log2-transformed) and standard deviation are shown of the indicated genes at
baseline (0 M) and 6 months after treatment initiation (6 M) and (18 M) of study groups.
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