
ORCID IDs: 0000-0001-7118-6752 (E.A.G.); 0000-0003-0440-8831
(S.S.P.).

References

1. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA,
Krowka M, et al. Haemodynamic definitions and updated clinical
classification of pulmonary hypertension. Eur Respir J 2019;53:1801913.

2. Tuder RM. Pulmonary vascular remodeling in pulmonary hypertension.
Cell Tissue Res 2017;367:643–649.

3. Bertero T, Cottrill KA, Lu Y, Haeger CM, Dieffenbach P, Annis S, et al.
Matrix remodeling promotes pulmonary hypertension through feedback
mechanoactivation of the YAP/TAZ-miR-130/301 circuit. Cell Rep 2015;
13:1016–1032.

4. Kudryashova TV, Goncharov DA, Pena A, Kelly N, Vanderpool R, Baust J,
et al. HIPPO-integrin-linked kinase cross-talk controls self-sustaining
proliferation and survival in pulmonary hypertension. Am J Respir Crit
Care Med 2016;194:866–877.

5. Dieffenbach PB, Haeger CM, Coronata AMF, Choi KM, Varelas X,
Tschumperlin DJ, et al. Arterial stiffness induces remodeling phenotypes
in pulmonary artery smooth muscle cells via YAP/TAZ-mediated
repression of cyclooxygenase-2. Am J Physiol Lung Cell Mol Physiol
2017;313:L628–L647.

6. Samokhin AO, Stephens T, Wertheim BM, Wang RS, Vargas SO, Yung
LM, et al. NEDD9 targets COL3A1 to promote endothelial fibrosis and
pulmonary arterial hypertension. Sci Transl Med 2018;10:eaap7294.

7. Thenappan T, Chan SY, Weir EK. Role of extracellular matrix in the
pathogenesis of pulmonary arterial hypertension. Am J Physiol Heart
Circ Physiol 2018;315:H1322–H1331.

8. Chelladurai P, Seeger W, Pullamsetti SS. Matrix metalloproteinases
and their inhibitors in pulmonary hypertension. Eur Respir J 2012;40:
766–782.

9. Sch€afer M, Ivy DD, Nguyen K, Boncella K, Frank BS, Morgan GJ, et al.
Metalloproteinases and their inhibitors are associated with
pulmonary arterial stiffness and ventricular function in pediatric
pulmonary hypertension. Am J Physiol Heart Circ Physiol 2021;321:
H242–H252.

10. Arvidsson M, Ahmed A, Bouzina H, Rådegran G. Matrix
metalloproteinase 7 in diagnosis and differentiation of pulmonary
arterial hypertension. Pulm Circ 2019;9:2045894019895414.

11. Dieffenbach PB, Mallarino Haeger C, Rehman R, Corcoran AM,
Coronata AMF, Vellarikkal SK, et al. A novel protective role for matrix
metalloproteinase-8 in the pulmonary vasculature. Am J Respir Crit
Care Med 2021;204:1433–1451.

12. Shofuda T, Shofuda K, Ferri N, Kenagy RD, Raines EW, Clowes AW.
Cleavage of focal adhesion kinase in vascular smooth muscle cells
overexpressing membrane-type matrix metalloproteinases. Arterioscler
Thromb Vasc Biol 2004;24:839–844.

13. Xiao Q, Zhang F, Grassia G, Hu Y, Zhang Z, Xing Q, et al. Matrix
metalloproteinase-8 promotes vascular smooth muscle cell proliferation
and neointima formation. Arterioscler Thromb Vasc Biol 2014;34:
90–98.

14. Guti�errez-Fern�andez A, Inada M, Balb�ın M, Fueyo A, Pitiot AS,
Astudillo A, et al. Increased inflammation delays wound healing
in mice deficient in collagenase-2 (MMP-8). FASEB J 2007;21:
2580–2591.

15. Ong CWM, Elkington PT, Brilha S, Ugarte-Gil C, Tome-Esteban MT,
Tezera LB, et al. Neutrophil-Derived MMP-8 Drives AMPK-Dependent
Matrix Destruction in Human Pulmonary Tuberculosis. PLoS Pathog
2015;11:e1004917.

16. Salminen A, Vlachopoulou E, Havulinna AS, Tervahartiala T, Sattler W,
Lokki ML, et al. Genetic variants contributing to circulating matrix
metalloproteinase 8 levels and their association with cardiovascular
diseases: a genome-wide analysis. Circ Cardiovasc Genet 2017;10:
e001731.

Copyright © 2021 by the American Thoracic Society

New Insights into the Limitations of Host Transcriptional
Biomarkers of Tuberculosis

A central pillar of global tuberculosis (TB) control programs is
early antimicrobial treatment of paucibacillary infection to
prevent its progression to multibacillary disease (1). The
rationale is self-evident. This approach is expected to reduce
incident disease, both in the infected individual and by reducing
risk of onward transmission of infection. It also offers the
advantage of shorter treatment with fewer drugs and mitigates
against the risk of antimicrobial resistance. The gold standard to
identify prevalent disease necessitating antimicrobial treatment
has been microbiological diagnosis ofMycobacterium
tuberculosis (Mtb) infection by microscopy, culture, PCR, or
antigen detection in clinical samples, but the sensitivity of all of

these tests is inevitably proportional to the bacillary burden. Our
enduring challenge has been how to identify those who will
benefit from antimicrobial treatment before we can detect the
pathogen. Established tests of T-cell immune memory responses
to Mtb antigens have provided reasonable negative predictive
value (2), but they do not reflect current infection and
consequently offer low positive predictive value (PPV), even in high-
transmission settings (3). One innovative approach, at least in low
transmission settings, is provided by personalized risk prediction
modeling that integrates quantitative measures of T-cell reactivity
with other demographic risk factors identified in longitudinal cohorts
of at-risk individuals (4). This approach to personalized risk
stratification to trigger antimicrobial treatment showed potential to
offer greater net benefit than treating everyone with T-cell reactivity
but still only identified probability of disease of up to 10% inmost and
is yet to be tested in clinical trials or evaluated in high-transmission
settings.

The accessibility of omics technologies has fueled the search for
new biomarkers of TB (5). Among these, quantitation of circulating
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host mRNAmolecules either individually or in combination as a
transcriptional signature has gained the most traction—at least one
candidate has already been developed into a cartridge-based PCR
test (6). The finding that blood transcriptional changes can emerge
before conventional diagnosis of TB (7) piqued excitement in the
potential for the application of blood transcriptional biomarkers to
identify short-term risk of incident disease. Systematic comparison in
individual participant meta-analysis showed that the best performing
candidate biomarkers were cocorrelated and reflected IFN- or TNF
(tumor necrosis factor)–driven host immune responses and may
provide up to 10–15% PPV over a 3- to 6-month time horizon (8).
One such biomarker comprising a combination of 11 transcripts
(RISK11) has been evaluated further using a general population
screening approach in South Africa with an a priori defined
biomarker threshold to discriminate positive and negative tests. This
achieved a PPV for either prevalent or incident disease over 15
months of only 6.6% among HIV-negative subjects in CORTIS
(Correlate of Risk Targeted Intervention Study) (9) and 5.7% among
HIV-positive subjects in the CORTIS-HR (CORTIS-High Risk) study
(10). Low prior probability of prevalent infection in the general
population undoubtedly contributed to the low PPV in these studies,
but the findings point to two other potential limitations of TB blood
transcriptional biomarkers that merit consideration. First, the
likelihood that these biomarkers are not specific for immune
responses toMtb infection—after all, IFN and TNF are canonical
components of immune responses in many different contexts.
Second, the possibility that the presence of an immune response to
Mtb infection represented by these biomarkers does not necessarily
mean the infection will progress to disease.

In this issue of the Journal, Mulenga and colleagues
(pp. 1463–1472) have extended their analyses of the CORTIS studies
to provide valuable new insights into these hypotheses (11). First, they
show that 73–85% of HIV-negative individuals who are RISK11

positive at recruitment revert to become RISK11 negative by 3–12
months’ follow up, irrespective of whether they received TB
preventative treatment. This suggests that the majority of RISK11-
positive results in this context may reflect a self-limiting immune
response. If this represented spontaneous resolution of theMtb
infection, we might expect immunocompromised HIV-positive
individuals to be more likely to reveal a differential effect of
antimicrobial treatment on reversion of RISK11 score. In contrast to
this hypothesis, among HIV-infected RISK11-positive individuals,
isoniazid preventive treatment also had no effect on reversion to
becoming RISK11 negative over 3 months’ follow-up. Interestingly,
the 3-month reversion rate of�42% in all HIV-infected participants
was significantly lower than that of HIV-negative individuals. Among
HIV-infected subjects at enrollment, lack of antiretroviral therapy
was associated with higher rates of RISK11 positivity. In follow-up,
RISK11-positive, antiretroviral therapy–naive individuals showed
lower rates of reversion to negative, and RISK11-negative individuals
showed higher rates of conversion to positive. Untreated HIV is
characterized by IFN-associated changes in the blood transcriptome
(12) and these findings all point to uncontrolled HIV as a nonspecific
driver of increased RISK11 scores. So, can high RISK11 scores in
HIV-negative individuals be attributed to other coincidental
infections? Multiplex PCR testing of upper respiratory tract samples
among HIV-negative individuals coenrolled to the CORTIS study
(who were therefore also investigated for TB) revealed that viral, but
not bacterial, infections were associated with elevated RISK11 scores.
In fact, RISK11 scores failed to discriminate viral infection from
prevalent TB. Importantly, 24/123 (20%) coenrolled RISK11-positive
participants had evidence of viral infection, whereas 13/123 (11%)
had prevalent or incident TB. The majority (72%) of positive RISK11
scores were therefore unexplained (Figure 1).

It remains to be seen if any of the existing TB blood
transcriptional biomarkers offer better specificity than RISK11, but
this seems unlikely given the degree of cocorrelation in head-to-head
comparisons and the underlying biology they represent. Several
signatures did show promising accuracy for prevalent TB in a
systematic head-to-head analysis among an observational cohort of
symptomatic patients attending a community-based TB clinic in
South Africa (13). It may be possible to improve on their specificity
for TB, for example, by combining with biomarkers of respiratory
viral infection (14) for multiclass classification, or by deriving new
signatures to discriminate TB from viral infections directly in larger,
more generalizable training data sets, though this may be challenging
in view of the common IFN-driven responses in both infections.
Until then, the application of the current biomarkers for TB will need
to overcome the limitations of specificity, for example, by targeted
application in high-risk groups such as recent household contacts
(in whom the prior probability of TBmay be expected to be higher
than that of incidental viral infection) and by integration into
multivariable risk prediction tools (4).�
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Figure 1. Venn diagram showing proportions of RISK11-positive
participants in the HIV-negative cohort coenrolled in the CORTIS trial
who had evidence of viral infection or prevalent or incident TB. Data
are derived from Mulenga and colleagues (11). CORTIS = Correlate of
Risk Targeted Intervention Study; TB= tuberculosis.
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Double Trouble: Airflow and Pulmonary Vascular Obstruction

Pulmonary arterial hypertension (PAH) is an incurable disease with
progressive symptoms despite the dynamic and increasingly rapid
changes in PAH-specific therapies over the past three decades. All
currently available medications target increased pressure and
resistance within the pulmonary vascular bed with the goal of
improving hemodynamics and right ventricular function. Additional
approaches to improve exercise tolerance and relieve dyspnea in PAH
is a topic of considerable interest. In addition to the historically
recognized reduced gas exchange and right ventricular dysfunction,
concurrent airflow obstruction may also contribute to PAH
pathobiology and symptomatology.

The presence of airway disease has been documented in animal
models of experimental pulmonary hypertension (1), and it has also

been described in humans with PAH for some time (2, 3). Although
overt airflow obstruction with reduced ratio of FEV1/FVC at rest is
not commonly observed in PAH, studies have suggested the probable
involvement of small, peripheral airways in the disease (2, 4). Prior
studies have shown reduced airflow through the small airways in
some patients with PAHwhose inspiratory capacity progressively
declined during standardized exercise (5, 6). A more recent study
demonstrated this dynamic reduction in inspiratory capacity is
indicative of air trapping (i.e., airflow obstruction) (7), and not solely
a result of PAH-associated respiratory muscle weakness (8, 9).
Notably, there also appears to be an association between obstructive
lung physiology and quality of dyspnea, underscoring the importance
of further defining the mechanism of small airways obstruction in
PAH and potential therapeutic approaches (10).

How PAHmight affect the airways remains unclear. Although it
has been postulated that dilated pulmonary arteries can mechanically
compress adjacent airways, this phenomenon has been only rarely
described, typically involving very proximal large bronchi (11, 12).
Whether the same mechanism can occur in smaller bronchovascular
bundles is unknown. Others (4) have speculated that vasoactive

This article is open access and distributed under the terms of the
Creative Commons Attribution Non-Commercial No Derivatives
License 4.0. For commercial usage and reprints, please e-mail Diane
Gern (dgern@thoracic.org).

Originally Published in Press as DOI: 10.1164/rccm.202109-2153ED
on October 13, 2021

Editorials 1365

EDITORIALS

 

http://orcid.org/0000-0002-4774-0853
http://orcid.org/0000-0002-6257-1285
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.202109-2153ED&domain=pdf&date_stamp=2021-12-01
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
http://dx.doi.org/10.1164/rccm.202109-2153ED

