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Predictive value of T cell receptor
repertoire profiling for immunosuppressive
therapy in severe aplastic anemia
Increasing evidence supports the hypothesis of autologous
immune attack in severe aplastic anemia (SAA): the pre-
dominant role of activated cytotoxic T cells (CTL)
expressing g-interferon in inhibiting the growth of bone
marrow (BM) cells, putative autoantigens, and oligoclonal
expansion of CD8þ T cells.1 For SAA patients, the definitive
therapies are immunosuppressive therapy (IST) or he-
matopoietic stem transplantation (HSCT); IST is most
widely applied in the clinic because of the lack of HLA-
matched sibling or unrelated donors, patients’ age, and the
cost of HSCT.2,3 However, only about 60% of SAA patients
are responders after receiving IST, and less than 10% ach-
ieve complete remission (CR)2,3; effective biomarkers for
the efficacy prediction of IST in SAA patients are lacking.3

Our previous publications have demonstrated that T cell
receptor (TCR) repertoire profiling has been identified as a
biomarker for predicting the clinical outcomes and efficacy
of patients.4,5 However, systematic evaluation of the pre-
dictive value of the TCR repertoire for SAA patients during
IST is still little known.

TCRb chain (TCRb) sequencing was used to characterize
the TCR repertoires of newly diagnosed SAA patients from
the GSE101660 dataset and our clinical center (GZFPH), and
patients receiving IST for 1, 3, 6, and 12 months in the
GZFPH dataset (Fig. S1). TCR rearrangement with a fre-
quency greater than 0.01% was defined as a TCR clone and
the amino acid length of CDR3 in TCR clones was first
explored. The peak CDR3 length of CD8þ and CD4þ T cells
was 13e15 in both healthy individuals (HIs) and SAA pa-
tients in the GSE101660 dataset, which was also shown in
SAA in our clinical center dataset (GZFPH) (Fig. S2A, B). The
frequency of TCR clones in CD8þ T cells of SAA patients was
significantly higher than HIs, while a lower frequency of
TCR clones was shown in CD4þ T cells of SAA patients in the
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GSE101660 dataset (P < 0.001, Fig. S2C). As expected, the
frequency of TCR clones in CD8þ T cells of SAA patients
significantly increased compared with CD4þ T cells
(P < 0.001). This result was confirmed in the number of TCR
clones in CD8þ T cells (P Z 0.015, Fig. S2D). Although TCR
repertoire diversity was not statistically significant be-
tween HIs and SAA (PZ 0.350), the TCR repertoire diversity
of CD8þ T cells was lower than that of CD4þ T cells in the
GSE101660 dataset of the TCRdb database (P < 0.001,
Fig. S2E), which might be due to the increased proportion
of CD8þ CD4þ T cells in SAA patients and the enhanced
function of CD8þ T cells, leading to the oligoclonal expan-
sion of TCR rearrangements. Interestingly, compared with
the newly diagnosed SAA patients, the TCR diversity of
patients after receiving IST for 1, 3, 6, and 12 months
decreased in the GZFPH dataset (P < 0.05, Fig. S2F). To
further evaluate TCR rearrangements associated with SAA
patients, the differential frequency of V-J usage was first
analyzed. There were 6 frequently used and 11 less used
TCR rearrangements identified in CD8þ T cells between HIs
and SAA patients in the GSE101660 dataset, and 10
frequently used and 1 less used TCR rearrangements were
identified in CD4þ T cells between HIs and SAA patients
(Fig. S3A, B). Moreover, a total of 36 frequently used and 3
less used TCR rearrangements were identified comparing
CD8þ and CD4þ T cells in SAA patients in the GSE101660
dataset (Fig. S3C). Taken together, a total of 65 overlapped
frequently and less used TCR rearrangements were used for
the following analysis.

To identify the TCR rearrangements related to the effi-
cacy of IST, the efficacy rate of IST was first analyzed. The
response rate of SAA patients to IST was 66.7% in the GZFPH
dataset (Fig. S4A, B). Then, 65 differentially expressed
TCRs obtained from the GSE101660 dataset were further
used for the analysis between newly diagnosed patients and
patients receiving IST for 12 months. Notably, 3 Vb6-5 and
5 Vb20-1 decreased after SAA patients receiving IST for 12
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).
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months in the partial remission (PR)/CR group (P < 0.05,
Fig. S4C). However, these 8 TCR rearrangements were not
statistically significant after SAA patients receiving IST for
1, 3, and 6 months compared with newly diagnosed patients
in the no remission (NR) group (P > 0.05, Fig. S4D). To
evaluate the sensitivity and accuracy of these 8 TCRs in the
efficacy prediction of these 8 TCRs in SAA patients’
response to IST, we performed a ROC curve analysis in the
GZFPH dataset. There was a clear trend suggesting that
high frequency of Vb20-1 Jb1-5, Vb20-1 Jb1-2, and Vb20-
1 Jb1-1 was positively correlated with PR/CR of patients
Figure 1 Vb20-1 Jb1-5 was associated with the clinical outcomes
receiver operating characteristic curve (ROC) was used to evaluate
Akaike information criterion (AIC) profile of the best to the worst m
1 Jb1-5 in predicting the response to IST in SAA patients. (D) Clinica
free survival (EFS) for the low and high frequency of Vb20-1 Jb1-5 s
frequency between no remission (NR) versus partial remission (P
receiving IST for 0, 1, 3, 6, and 12 months in the PR/CR subgroup
receiving IST (AUC �0.88, Fig. 1A). However, only Vb20-
1 Jb1-5 was the best model in predicting the efficacy of IST,
which was internally validated by 100 repeated 10-fold
cross-validation (Fig. 1B). Importantly, the high frequency
of Vb20-1 Jb1-5 had a very high accuracy in predicting PR/
CR of SAA patients’ response to IST (AUC Z 100%;
P Z 0.064) (Fig. 1C). We further obtained the optimal cut-
point 0.00826 in the ROC, indicating that its sensitivity in
predicting PR/CR of SAA patients’ response to IST was as
high as 100% when the frequency of Vb20-1 Jb1-5 was
greater than 0.00826, which was confirmed in the clinical
of SAA patients in the GZFPH dataset. (A) The area under the
the efficacy prediction of immunosuppressive therapy (IST). (B)
odel. (C) The sensitivity and accuracy of frequently used Vb20-
l utility curve for predicting the response to IST. (E) The event-
ubgroups in SAA patients. (F, G) The difference of Vb20-1 Jb1-5
R)/complete remission (CR) subgroups (F), and SAA patients
(G).



Rapid Communication 97
utility curve (Fig. 1C, D). Moreover, the high frequency of
Vb20-1 Jb1-5 was significantly associated with favorable
event-free survival (EFS) for SAA patients (P Z 0.018,
Fig. 1E). Interestingly, the frequency of Vb20-1 Jb1-5 in the
PR/CR group was higher than that in the NR group, though
there was no statistical significance at that point
(P Z 0.069, Fig. 1F). In addition, Vb20-1 Jb1-5 was
decreased after SAA patients receiving IST for 1, 3, 6, and
12 months in the PR/CR group (P Z 0.006), other than the
NR group (PZ 0.594) (Fig. 1G; Fig. S5). TCR expressions can
be regulated during lymphocyte development and activa-
tion events, and Vb20-1 Jb1-5 was significantly up-regu-
lated in CD8þ T cells compared with CD4þ T cells (Fig. S2C).
Therefore, correlations with the up-regulated CD8þ T cells
were evaluated, which would relatively exclude the effects
of T-cell counts on the frequency of Vb20-1 Jb1-5 (Fig. S6A).
The frequency of Vb20-1 Jb1-5 was normalized to that of
CD8þ T cells, which was significantly up-regulated in the
PR/CR group compared with the NR group (P Z 0.044,
Fig. S6B). To identify the clonotype contribution of Vb20-
1 Jb1-5, we further explored the amino acid and nucleotide
sequences. The results demonstrated that the amino acid
and nucleotide at both ends of the CDR3 region were almost
completely conserved, and the middle sequences were
highly diverse (Fig. S6C, D). Taken together, SAA patients
might benefit from IST when the frequency of Vb20-1 Jb1-5
was greater than 0.00826 in newly diagnosed patients.

In conclusion, we for the first time described that a high
frequency of Vb20-1 Jb1-5 was associated with favorable
clinical outcomes and efficacy in SAA patients receiving IST,
which might be a biomarker to guide IST for SAA patients.
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