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Metabolomics: a novel way
to diagnose cGVHD?
Hildegard T. Greinix | Medical University Graz

In this issue of Blood, Subburaj et al report on results from using metabolomics
(the science of studying small molecules known as metabolites) to measure the
metabolites in biofluids, cells, and tissues. They longitudinally followed 222
pediatric and adolescent patients from 27 international transplantation centers
as part of the prospective Predictive Biomarkers for Pediatric Chronic Graft-
Versus-Host Disease (ABLE-cGVHD) biomarker trial.1 Risk-assignment analysis
of centrally stored and analyzed plasma samples on days 1100 to 114 after
allogeneic hematopoietic cell transplantation (HCT) and onset analysis at diag-
nosis of chronic graft-versus-host disease (cGVHD) showed that plasma
a-ketoglutaric acid was consistently elevated both before and at onset of
cGVHD in multiregression analysis. Furthermore, metabolomic profiling
allowed late acute GVHD (aGVHD) to be distinguished from cGVHD.

cGVHD is still a serious complication
after allogeneic HCT and is the leading
cause of nonrelapse mortality after trans-
plantation.2 Objective diagnostic and
staging tools for early cGVHD are
needed because patients who meet the
National Institutes of Health (NIH) diag-
nostic criteria based on clinical symptoms
often have significant morbidity and pos-
sibly irreversible organ damage at diag-
nosis. A biomarker that is easy to assess
would advance clinical care by speeding
up diagnostic evaluation, providing addi-
tional certainty of the diagnosis, and
improving the quality of clinical data for
patients in clinical trials. A good diagnos-
tic biomarker for distinguishing cGVHD
from other diseases should reflect
cGVHD activity and be noninvasive,
accurate, simple, rapid, inexpensive, and
standardized. A number of serum and
plasma candidate proteins, including
CXCL9, CXCL10, and serum BAFF
and cells such as CD191CD21low B-cell,
T-cell, and natural killer (NK)-cell subsets
have been explored as diagnostic bio-
markers of cGVHD. However, all of them
lack NIH-defined qualification and vali-
dation.3,4 The ABLE consortium recently
advanced the field by presenting
immune profile differences between
cGVHD and late aGVHD by comprehen-
sively analyzing 71 T-cell, B-cell, NK-cell,
dendritic-cell, and myeloid immune–cell
populations and 12 cGVHD plasma
markers in a pediatric patient cohort.5

Subburaj et al continued their excellent
efforts by using mass spectrometry–-
based metabolomic analysis, which
allows identification and quantification
of up to 150 endogenous metabolites.
By using the plasma samples from days
1100 to 1114 after HCT, the consor-
tium identified a unique metabolic pat-
tern for late aGVHD compared with
cGVHD. These data confirm the biologi-
cal differences between these 2 entities
that were originally defined by the
NIH consensus group based on clinical
features.2

Interestingly, plasma alpha-ketoglutaric
acid, a key intermediary metabolite of
the mitochondrial tricarboxylic acid
cycle and a product of glutaminolysis,
emerged as the single most significant
elevated metabolite both before and at
the onset of cGVHD in children and
adolescents. Glutamine has been con-
sidered a crucial source of energy and
macromolecule production in activated
T cells, and glutaminolysis has been
shown to play a central role in meta-
bolic reprogramming of T cells during
their activation, which could also be the
case in the activation of GVHD-inducing
alloreactive T cells.6 In addition, alpha-
ketoglutaric acid kynurenine, a product
of the tryptophan catabolism known to
regulate T-cell proliferation and sur-
vival, was increased in the cGVHD
cohort.7 The tryptophan catabolites

kynurenine, 3-hydroxykynurenine, and
3-hydroxyanthranilic acid are potent
inhibitors of T-cell activation and induce
T-cell apoptosis.8 Thus, a strong activa-
tion of the kynurenin pathway in
cGVHD could be an indicator of an
anti-inflammatory response. It would be
of interest to investigate metabolomics
longitudinally and to include patients
who respond to immunosuppressive
treatments.

Although patients with either active
aGVHD or cGVHD before day 1114 after
HCT were excluded, it is tempting to
speculate that individuals with signifi-
cantly elevated plasma alpha-ketoglutaric
acid in the risk-assignment analysis per-
formed between days 1100 and 1114
already had ongoing inflammation and
immune dysregulation, which lead to
clinical symptoms of cGVHD. Therefore,
the question arises of whether plasma
alpha-ketoglutaric acid could be an indi-
cator for early cGVHD before clinical
symptoms appear. It is unclear whether
plasma a-ketoglutaric acid, even when
adequately validated, could serve as an
NIH-defined prognostic biomarker,4

because the window for therapeutic
intervention that would have an impact
on patients’ outcome is brief, and other
pathways involved in alloreactive prolifer-
ation and disturbance of immune recon-
stitution leading to cGVHD have already
been activated.

The study by Subburaj represents the
largest prospective, well-characterized
pediatric cohort with cGVHD and late
aGVHD to date. Additional strengths of
their study are a multicenter design and
prospective, calendar-driven, serial sam-
ple collection with central storage and
metabolomic analysis, comparison with
age and time-matched controls without
cGVHD, and thorough close clinical adju-
dication of GVHD using the 2005 NIH
consensus criteria for cGVHD.2 Despite a
relatively high number of patients, how-
ever, different subgroups such as de
novo and progressive onset types and
pulmonary cGVHD remain too small to
allow for valid comparisons. Future stud-
ies should consider the heterogeneity of
cGVHD with individual organ involve-
ment and overall disease phenotypes,
including inflammatory, fibrotic, and
immune dysfunction features, and they
should enroll well-characterized patients
accordingly.

blood® 13 JANUARY 2021 | VOLUME 139, NUMBER 2 161

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/2/161/1858817/bloodbld2021014041c.pdf by guest on 19 M

ay 2023

http://www.bloodjournal.org/content/139/2/287
http://www.bloodjournal.org/content/139/2/287
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2021014041&domain=pdf&date_stamp=2022-01-13


Subburaj et al used targeted metabolo-
mic analyses that quantitatively measure
the concentrations of a predefined set of
metabolites that were previously identi-
fied. The data presented here support a
prospective, longitudinal validation study
in an independent pediatric patient
cohort with the goal of combining poten-
tial metabolic biomarker panels with
immune cellular and cytokine markers to
obtain a biomarker algorithm for accu-
rate risk assignment before onset and
diagnosis of cGVHD. The authors must
be congratulated for embarking on this
important and very large project and
should consider further collaborations,
including adding an adult patient cohort.

Because of the inherent sensitivity of
metabolomics, subtle alterations in bio-
logical pathways can be detected and
can provide novel insights into patho-
physiologic mechanisms of diseases.
Thus, metabolomics and innovative
developments in informatics and analyti-
cal technologies should be investigated
not only for biomarker discovery but
also for increasing our understanding of
cGVHD clinical phenotypes and their
association with immunoregulatory path-
ways relevant in studying the develop-
ment and persistence of cGVHD. This
should allow for a more individualized
treatment approach in the future, as
recently suggested by the NIH consen-
sus group.9 Furthermore, metabolism is
an attractive target for therapeutic inter-
vention in GVHD because differentia-
tion, proliferation, and function of innate
immune cells are also subjected to
metabolism-dependent regulation.6,10

Targeting metabolism for therapy of
GVHD, however, will require a thorough
understanding of the unique metabolic
properties and programs of the multiple
cellular components involved in cGVHD.

Conflict-of-interest disclosure: H.T.G.
received honoraria from speaker’s bureaus
and participated in advisory boards for
Amgen, Celgene, Novartis, Sanofi, and
Therakos. n

REFERENCES
1. Subburaj D, Ng B, Kariminia A, et al.

Metabolomic identification of a-ketoglutaric
acid elevation in pediatric chronic graft-ver-
sus-host disease. Blood. 2022;139(2):287-299.

2. Jagasia MH, Greinix HT, Arora M, et al.
National Institutes of Health consensus
development project on criteria for clinical
trials in chronic graft-versus-host disease: I.

The 2014 Diagnosis and Staging Working
Group report. Biol Blood Marrow
Transplant. 2015;21(3):389-401.e1.

3. Wolff D, Greinix H, Lee SJ, et al. Biomarkers
in chronic graft-versus-host disease: quo
vadis? Bone Marrow Transplant. 2018;
53(7):832-837.

4. Paczesny S, Hakim FT, Pidala J, et al.
National Institutes of Health consensus
development project on criteria for clinical
trials in chronic graft-versus-host disease: III.
The 2014 Biomarker Working Group report.
Biol Blood Marrow Transplant. 2015;
21(5):780-792.

5. Schultz KR, Kariminia A, Ng B, et al. Immune
profile differences between chronic GVHD
and late acute GVHD: results of the ABLE/
PBMTC 1202 studies. Blood. 2020;
135(15):1287-1298.

6. Tijaro-Ovalle NM, Karantanos T, Wang HT,
Boussiotis VA. Metabolic targets for
improvement of allogeneic hematopoietic
stem cell transplantation and graft-vs.-host
disease. Front Immunol. 2019;10:295.

7. Mellor AL, Munn DH. Tryptophan
catabolism and T-cell tolerance: immuno-
suppression by starvation? Immunol Today.
1999;20(10):469-473.

8. Fallarino F, Grohmann U, Vacca C, et al.
T cell apoptosis by kynurenines. Adv Exp
Med Biol. 2003;527:183-190.

9. DeFilipp Z, Couriel DR, Lazaryan A, et al.
National Institutes of Health consensus
development project on criteria for clinical
trials in chronic graft-versus-host disease: III.
The 2020 treatment of chronic GVHD report.
Transplant Cell Ther. 2021;27(9):729-737.

10. Kumari R, Palaniyandi S, Hildebrandt GC.
Metabolic reprogramming-a new era how to
prevent and treat graft versus host disease
after allogeneic hematopoietic stem cell
transplantation has begun. Front Pharmacol.
2020;11:588449.

DOI 10.1182/blood.2021014041

© 2022 by The American Society of Hematology

IMMUNOBIOLOGY AND IMMUNOTHERAPY

Comment on Dhunputh et al, page 305

Monogenically driven
therapies: the new first line
Lisa R. Forbes Satter | Baylor College of Medicine

In this issue of Blood, Dhunputh et al describe the efficacy of off-label use of
abatacept, a CTLA-4 immunoglobulin protein, in a cohort of patients with
pediatric immune-mediated cytopenia related to CTLA-4–related pathway
defects (CTLA-4 deficiency, lipopolysaccharide responsive and beige-like
anchor protein [LRBA] deficiency, and DEF6 deficiency).1

Identification of the genetic etiology of
inborn errors of immunity (IEIs)2 has revolu-
tionized the use of precision targeted ther-
apy to treat complications of IEIs that are
unrelated to infection. Immune-mediated
pathologies, such as autoimmune cytope-
nia (AIC), are a prominent feature of IEIs as
a result of CTLA-4–related pathway
defects. Severe AIC is often refractory to
initial immunosuppression, and flares of
disease are common. The disrupted mech-
anisms driving AIC include T cell– and B
cell–driven autoimmunity, pathologic
inflammation, poorly controlled inflamma-
tory responses, and impaired production.
Dhunputh et al focused on autoimmunity-
driven AIC caused by CTLA-4–opathies.
CTLA-4 is an inhibitory receptor essential
for T-cell regulation. CTLA-4 regulation is
key to modulating inflammation and turn-
ing down the inflammatory response by
inducing sequestration of costimulatory
ligands on antigen-presenting cells.

Interaction with LRBA prevents its degra-
dation. Furthermore, Serwas et al3 discov-
ered that interaction with DEF6 is
important for CTLA-4 availability and traf-
ficking. Defects involving CTLA-4,4 LRBA,5

and DEF63 result in immunodeficiency and
autoimmunity (see figure).

Abatacept was first studied in tumor necro-
sis factor a–refractory rheumatoid arthritis6

and was US Food and Drug Administration
approved in 2007. In the study by Dhun-
puth et al, the authors used the drug to
mechanistically target the mutant genes.
Patients with CTLA-4 defects are unable to
suppress CD41 proliferation compared
with healthy controls, leading to a pheno-
type of humoral immunodeficiency and
autoimmunity. A prior study showed that
CD80/86 ligand–dependent proliferation
was blocked by abatacept.4 Egg et al7

recently reported a cohort of patients
treated with various immunomodulatory
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