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Abstract

Background and aims T cell-mediated immune injury plays a critical role in the pathogenesis of hepatitis B virus-related
acute-on-chronic liver failure (HBV-ACLF). Given the high short-term mortality and crucial role of T cells in the disease
progression, it is necessary to investigate the dynamics of T cell clones during HBV-ACLF. The aim of this study was to
longitudinally investigate dynamic changes in the composition and perturbation of T cell receptor  (TCRp) chain repertoires
and to determine whether TCR repertoire characteristics were associated with HBV-ACLF patient outcomes.

Methods Peripheral blood mononuclear cells (PBMCs) were collected at two time points from 5 HBV-ACLF patients. Global
CD4* and CD8™ T cells were sorted using magnetic beads. TCRp complementarity-determining region 3 was analyzed by
unbiased high-throughput sequencing.

Results During HBV-ACLF, there was a significant decrease in the diversity of T cell repertoires and an increase in propor-
tion of the most 100 abundant clonotypes of CD8 T cells but not CD4. Decreased CDS repertoire diversity was positively
correlated with the reduction of the Model for End-Stage Liver Disease (MELD) score.

Conclusions There was significant clonal expansion in CD8 but not in CD4 T cell repertoires in HBV-ACLF patients during
disease progression. Patients with greater clonal expansions in CD8 T cell repertoires may have better outcomes. CD8 TCRf
repertoire diversity may serve as a potential predictive marker for disease outcome.

Keywords Hepatitis B virus - Acute-on-chronic liver failure - T cell receptor - High-throughput sequencing - Repertoire -
Beta chain - Complementarity-determining region - Diversity - Clonotype - Clonal expansion

Introduction

Hepatitis B virus-related acute-on-chronic liver failure

(HBV-ACLF) is the most common type of liver failure,

. . . . . with high 28-day mortality in the Asia—Pacific and African
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article (https://doi.org/10.1007/512072-019-10008-x) contains regions [1, 2]. It is characterized by rapid deterioration of

supplementary material, which is available to authorized users. liver function, altered mentation, and coagulopathy that sub-

sequently progresses to multiple organ failure in individuals

with pre-existing chronic hepatitis B (CHB) [2, 3]. Given the
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patients [6-9], while recent study indicated that patients with
HBV-ACLF had higher levels of IL-17-producing CD8* T
(Tc17) cells than patients with CHB, suggesting the proin-
flammatory role of Tc17 cells in the pathogenesis of HBV-
ACLF [10]. All the studies analyzed T cell frequency by cell
staining and flow cytometry. However, dynamic changes in
cellular immunity, especially alterations in T cell compo-
nents, have not been systematically investigated in patients
with HBV-ACLF.

The majorities of CD4 and CD8 T cells in human are
af T lymphocytes, which recognize the antigen peptides
presented by the major histocompatibility complex (MHC)
through T cell receptors (TCR) on the surface [11]. Each of
TCR is composed of o and f chains. It is estimated that the
theoretical diversity of ap TCR could be up to 10'8, due to
the combination of different variable (V), diversity (D), and
joining (J) gene segments plus the non-template nucleotide
additions and deletions at the V(D)J junctions, making TCRs
capable of binding to the various peptide/MHC complexes
[12]. There are three highly variable regions called comple-
mentary determining regions (CDRs) in each single chain.
CDR3, which falls at the junction between V(D)J gene seg-
ments, is the most diverse and the main region that interacts
with the peptide presented by the MHC.

Several studies have identified skewed TCR repertoires
in peripheral CD4 [6] and CDS8 T cells [13] in patients with
chronic severe hepatitis B or HBV-ACLF through gene melt-
ing spectral pattern or CDR3 spectrum analysis, which only
obtained limited CDR3 motifs and roughly described the
degree of perturbation by CDR3 sequence length. Advances
in next-generation sequencing (NGS) technologies now
enable the routine analysis of millions of T cell receptors
in a single experiment. TCR sequencing is a powerful tech-
nology to quantitatively track T cell clones in any given T
cell population globally or by single cells. The diversity
and components of clonotypes in T cell repertories can be
assessed by the nucleotide CDR3 sequences.

However, no cross-sectional or longitudinal study has
comprehensively evaluated the TCR repertoire of ACLF
patients. In this study, we used NGS to investigate the
dynamic changes in TCR repertoires of peripheral CD4 and
CD8 T cells in HBV-ACLF patients during hospitalization.
By analyzing massive numbers of TCR sequences, we were
able to accurately monitor the clonal expansion and compo-
sition of T cell repertoires in HBV-ACLF subjects. A sig-
nificant oligoclonal expansion of CD8 T cells and its asso-
ciation with outcome in HBV-ACLF patients was observed,
indicating the important role of CD8 T cell in HBV-ACLF
pathogenesis.
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Materials and methods
Subjects

Five HBV-ACLF patients were enrolled from Guangzhou
Eight People’s Hospital between February and December
2016. All patients were hepatitis B surface antigen posi-
tive longer than 6 months and met the definition of ACLF
as defined by the Consensus Recommendation on ACLF
issued by the Asian Pacific Association for the Study of the
Liver (APASL) criteria: jaundice [serum bilirubin >5 mg/dL
(85 umol/L) and coagulopathy (international normalized ratio,
INR) > 1.5 or prothrombin activity (PTA)<40%] complicated
within 4 weeks by clinical ascites and/or encephalopathy in
a patient with or without previously diagnosed chronic liver
disease [14]. The major precipitating factor for ACLF of the
five patients was the reactivation of HBV infection. Two longi-
tudinal samples were collected from each patient. The first was
collected at the time of clinical diagnosis, and the timing of
the second was dependent on patient outcome. If total bilirubin
(TBIL) decreased, we collected the samples when the TBIL
level decreased by ~twofold. If TBIL increased, we collected
the second sample at the last observation during hospitaliza-
tion. The average duration between time points was 22 days
(range 7-48 days). All patients received conservative man-
agement including nutritional support, hepatoprotective drugs,
nucleotide analog antiviral therapy (entecavir 0.5 mg/d), and
prevention and control of complications. No glucocorticoid
treatment was administered between sample collections.

Exclusion criteria included co-infection with hepatitis A, C,
D, E or human immunodeficiency virus, alcoholic liver, auto-
immune liver diseases, and tumors. Patients who were treated
with immunomodulatory therapy within the previous 6 months
were also excluded.

Clinical and laboratory parameters

Serum alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), creatinine (Cr), TBIL, albumin (ALB), PTA (%),
prothrombin time (PT), and INR were measured with commer-
cial kits. Serum HBV DNA was tested with the Tagman poly-
merase chain reaction (PCR) assay (DaAn Gene, Guangzhou,
China) with a detection limit of 100 IU/mL. HBV serological
markers were measured by chemiluminescence immunoassays
(Roche Diagnostics, Risch-Rotkruez, Switzerland). The Model
for End-Stage Liver Disease (MELD) score, which is used to
assess the severity and prognosis of end-stage liver disease,
was calculated as

10 x [0.957 X In (serum creatinine) + 0.378
XIn (TBIL) + 1.12 X In (INR) + 0.643]
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[15]. Hepatic encephalopathy was graded from I to IV as
previously described [16].

TCR sequencing

Peripheral blood mononuclear cells (PBMCs) were isolated
from 5 mL fresh EDTAK?2 anti-coagulant treated blood by
Lymphoprep (Axis-Shield Diagnostics, Dundee, Scotland)
gradient centrifugation and frozen in liquid nitrogen until
the samples were used. CD4" and CD8™ T cells were posi-
tively sorted by CD4 and CD8 MicroBeads (Miltenyi Bio-
tec, Bergisch Gladbach, Germany). The purity of sorted cells
was >93% as demonstrated by fluorescence-activated cell
sorting (FACS Canto II; BD Biosciences, Franklin Lakes, NJ,
USA) (data not shown). The total RNA was extracted from the
sorted cells using TRIzol reagent (Life Technologies, Carls-
bad, CA, USA) according to the manufacturer’s instructions
and reverse transcribed by 5’ rapid amplification of cDNA ends
[17]. TCR P chains were amplified by nest PCR as described
previously [18]. The TCR libraries were generated with
NEBnext Ultra DNA Library Prep kit (New England Biolabs,
Ipswich, MA, USA) according to the manufacturer’s protocol
and deep sequenced using the Illumina HiSeq platform (Illu-
mina, San Diego, CA, USA) with a read length of 2 x 150 bp.

Data processing and TCR repertoire analysis

The FASTQ files obtained by sequencing were imported to
MiXCR software (v2.1.8) [19] for sequence alignment; iden-
tification of V, D, and J gene segments and CDR3 sequences;
and correction of PCR and sequencing errors after filtering out
low-quality and unproductive reads as previously described
[20]. The relative degree of clonal expansion was assessed
by calculating the cumulative percentage of the repertoire
that was constituted by the top 100 clonotypes (the most 100
abundant TCRp amino acid sequences in the total repertoire
of each individual). To address TCR repertoire diversity in
each sample, we calculated the normalized Shannon diversity
entropy (NSDE), an index which is the normalized Shannon
entropy by log, (number of unique TCR clones) and represents
the clonal nature of a sample irrespective of samples of differ-
ent sequencing depth [21]. NSDE values range from O (least
diverse) to 1 (most diverse). The NSDE was calculated using
the diversity function in R package vegan. The Morisita-Horn
similarity index (MHSI) was calculated for the similarity of
any two TCR repertoires, with a value from O (no overlap) to
1 (identical overlap) [22]. The exact algorithm of MHSI is

n' n¢
! i i

— c
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where n' or n¢ defined the abundance (or the number) of one
unique CDR3 aa clonotype in sample 1 or sample c, respec-
tively (The sample 1 and sample ¢ were taken together to
have i kinds of clonotypes); thus, p’ or p¢ was the frequency
of one unique CDR3 aa clonotype in its repertoire of sample
1 or sample c, respectively.

The fold change (FC) of T cell clone frequency was
defined as a TCR sequence frequency at the second time
point divided by the sequence frequency at the first time
point. A TCR sequence was categorized as increased for
FC > 2, unchanged for FC <2 and > 0.5, and decreased for
FC<0.5. All detectable TCR sequences at any time point
were included in the analysis. For TCR sequences that were
not detectable at the first time point but available at the sec-
ond time point, the lowest frequency value in the same sam-
ple was used [23].

MHSI =

Statistical analysis

Statistical analysis was performed using SPSS version 20
(IBM Corp., Armonk, NY, USA). The data are expressed as
medians. Wilcoxon signed-rank tests were used to compare
paired samples. Spearman’s rank order correlation coeffi-
cient was used to calculate correlations. All data were ana-
lyzed using two-tailed tests, and differences with p value less
than 0.05 were considered statistically significant.

Results
Patient summary

Baseline characteristics at hospital admission and the clini-
cal characteristics at the second time point are shown in
Table 1. Two of the five patients with hepatic encephalop-
athy and hepatorenal syndrome died, and the other three
subjects survived. Blood draws were conducted twice after
admission. ALT and ALB levels of all subjects were sig-
nificantly decreased and increased during hospitalization,
respectively. No differences were found in the values of
TBIL, PT, PTA, INR, Cr, or MELD scores between time
points (Fig. S1).

TCRB repertoire profiling
A total of 163,259,321 clean reads were obtained from
PBMC:s of 5 HBV-ACLEF subjects (20 samples). Each CD4

and CD8 TCR repertoire has an average of 7782,177 and
5907,150 productive reads per sample, respectively. Overall,
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Table 1 Clinical characteristics of HBV-ACLF patients during the hospitalization

Patient no. P1 P2 P3 P4 P5

Outcome Non-survivor Survivor Survivor Non-survivor Survivor

Age 63 42 29 55 36

Duration of sample collection (day) 16 48 18 7 24

Time point T1 T2 T1 T2 T1 T2 T1 T2 T1 T2
HBsAg (+) + ND. + ND. + ND. + ND. + N.D.
HBeAg (+) - ND. + N.D. - N.D. - ND. + N.D.
HBeAb (+) + N.D. - ND. + ND. + N.D. - N.D.
HBV DNA (log;, IU/ml) 8.70 N.D. 7.70 <20 527 <20 643 N.D. 5.66 3.35
ALT (U/L) 1971 71 1498 22 291 60 319 85 408 56
TBIL (mg/dL) 8.51 29.51 11.85 527 27.30 120  25.00 30.58 15.13 6.46
PTA (%) 24.58 7.92 2481 430 350 58.80 20.25 25.53 38.88 67.01
PT(s) 29.40 74.60 29.20 20.20 19.60 16.90 34.00 28.60 21.50 15.80
INR 2.70 9.18 2.87 1.74  1.67 1.39  3.59 2.84  1.87 1.26
Cr (mg/dL) 0.88 1.47  0.76 0.69  0.89 0.66  1.65 1.74  0.74 0.92
PLT (x 10°/L) 107 127 93 51 194 151 189 166 105 106
WBC (x 10°/L) 11.44 154  3.39 1.84 7.13 4.0 6.44 1092 5.15 3.01
MELD score 24.46 47.79 2494 1536 23.63 15.49 37.76 36.42 20.78 15.24

ALT alanine aminotransferase, Cr serum creatinine, N.D. not determined, /NR international normalized ratio, MELD model for end-stage liver
disease, PLT platelet count, PT prothrombin time, PTA prothrombin activity, TBIL total bilirubin, T/ the first time point, 72 the second time

point, WBC white blood cell

296,548 and 51,320 unique CDR3 nucleotide clonotypes
from CD4 and CD8 T cells were collected, respectively,
encoding 27,769 and 4834 unique CDR3 amino acid (aa)
clonotypes per sample, respectively. The sequence profiles
of the TCR repertoires are shown in Table S1.

VB and JPB gene segment usage

Overall, 63 VP and 13 JB gene segments were identified.
Heatmaps showed that the usage pattern of V[ or Jf genes
was heterogeneous in different samples (Figs. S2, S3).
Though some Vf gene segments such as T cell receptor beta
variable (TRBV) 4-2, TRBV6-9 and TRBV7-5, TRBV10-1
showed an increased usage frequency in the second time
point in CD4 and CDS8 T cells, respectively, the changes are
not consistently occurring in all individuals (Figs. S4, SS5).

Dynamic changes of TCRp repertoire diversity
during HBV-ACLF

Because the TCR and peptide-MHC complex binding
sites must be considered in the context of protein, we
only investigated unique CDR3 aa clonotypes in this
analysis. Differences in clonotype numbers were longi-
tudinally assessed during ACLF. For CD8 T cells, the
median number of clonotypes significantly decreased
over time (5559 vs. 3687, p=0.043; Fig. 1b). We used
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the NSDE, which is independent of the total number of
T cells sequenced, to assess TCR repertoire diversity. In
parallel, we observed reduced CD8 TCR repertoire diver-
sity in all 5 patients (0.65 vs. 0.50, p=0.043; Fig. 1d).
For CD4 T cells, both the median number of clonotypes
(24,891 vs. 26,029, p=0.686; Fig. 1a) and NSDE val-
ues (0.77 vs 0.79, p=0.345) (Fig. 1c) were comparable
between both time points. These results imply that CD8
T cells had a significant clonal expansion but it is not
seen for CD4. Interestingly, when we analyzed the results
separately based on patient outcome, the three survivors
showed decreases while the two non-survivors showed
increases in clonotypes and NSDE value for CD4 T cells
(Fig. 1a, ).

We then compared TCR clonal diversity between CD4
and CD8 T cells at the same time point. NSDE values were
higher in CD4 than in CDS8 T cells at clinical diagnosis
(0.77 vs. 0.65, p=0.043), but no difference was observed
at the second time point (Fig. le, f). The number of unique
CD4 clonotypes was at least 4.4 times higher than that
for CD8 T cells at both time points (T1, 24,891 vs. 5559;
T2, 26,029 vs. 3687). For comparison, our previous study
[20] demonstrated that the number of unique clonotypes in
CD4 was < 1.4 times that of CDS8 T cells in treatment-naive
CHB patients (22,232 vs. 16,422). These data suggest that
a portion of CD8 T cells undergoes more dramatic oligo-
clonal expansion than CD4 T cells in HBV-ACLF patients.
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Fig. 1 Diversity of CD4 and CD8 T cell repertoires during HBV-
ACLF. Longitudinal analysis of CDR3 aa clonotypes and normalized
Shannon diversity entropy (NSDE) values for CD4 (a, c¢) and CD8
(b, d) T cells in patients with HBV-ACLF, respectively; (e, f) NSDE

Tracking T cell clones in HBV-ACLF patients

To better understand the potential mechanism behind
changes in TCR repertoire diversity, we examined how the
circulating TCR repertoire was affected during ACLF. To
measure the alterations in TCR sequence frequency over
time, each TCR clonotype in T cell repertoire was tracked
during the hospitalization and sorted into one of the three
categories: increased (FC >2), unchanged (0.5 <FC <2), or
decreased (FC <0.5) according to the FC of its T cell clone
frequency for time point 2 relative to time point 1 (details
in Materials and Methods). For both CD4 and CD8 T cells,
the percentage of unique increased clones was the lowest,
followed by unchanged and decreased clones (Fig. 2a, c).
The cumulative frequency of these three categories clones
at the second time point showed a reverse trend (Fig. 2b, d).

We wondered whether the change profile was associ-
ated with patient outcome. The most obvious difference
in the two patient groups was the cumulative frequency
per percentage unit, compared to the percentage of unique
clonotypes (Fig. 2a, d) and the cumulative frequency of
T cell repertoires in both cell subsets (Fig. 2b, e). Survi-
vors exhibited higher cumulative frequency per percentage
unit of increased CD4 (Fig. 2c) and CD8 (Fig. 2f) clones
than non-survivors, although there were no statistically

values of CD4 and CD8 TCR repertoires at each time point. p values
less than 0.05 are shown. The x axis represents treatment time points.
T1, first time point; T2, second time point

significant differences due to the small sample sizes. How-
ever, less heterogeneity was observed in both unchanged and
decreased clones between patients with different outcomes.
These results indicate that the greater decrease of TCR rep-
ertoire diversity in survivors may be due to more intensive
and robust clonal expansion during ACLF.

Highly expanded T cell clonotypes during HBV-ACLF

Next, we investigated the relative degree of clonal expan-
sion. Here, we defined the highly expanded clones as
the most 100 abundant clonotypes (top 100 clonotypes)
(Tables S2, S3). The cumulative frequencies of the top 100
clonotypes increased in CD8 repertoires during treatment
(56.56% vs. 76.22%, p=0.043; Fig. 3b), suggesting that
CDS8 T cells underwent oligoclonality during hospitaliza-
tion. Different tendencies of cumulative frequencies of the
top 100 CD4 clonotypes were observed between survivors
and non-survivors, increasing and decreasing, respectively.
Overall, no significant differences were observed during
disease progression (15.0% vs. 16.18%, p=0.50; Fig. 3a).
These results were in agreement with the diversity profiles
of CD4 repertoires mentioned above. When comparing the
cumulative frequencies of the top 100 clonotypes between
CD4 and CD8 repertoires at the same time point, we also
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Fig.2 Tracking T cell clones in ACLF patients with different out- the cumulative frequency (b CD4 T cells; e CD8 T cells), and the

comes. Dynamic change patterns of all detectable T cell clones were cumulative frequency per percentage unit (¢ CD4 T cells; f CDS8 T
analyzed in each patient during ACLF. The FC in TCR sequence fre- cells) of each dynamic change category were plotted, respectively.
quency at the second time point versus baseline was categorized as The cumulative frequency per percentage unit was calculated as the

increased (FC >2), unchanged (0.5 <FC <2), or decreased (FC <0.5). cumulative frequency of the all clonotypes in each category divided
The percentage of unique clonotypes (a CD4 T cells; d CD8 T cells), by the percentage of unique clonotypes in same category
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Fig.3 Comparisons of highly expanded clonotypes. The change of the cumulative frequency of top 100 CD4 (a) and CD8 (b) T cell clonotypes
during ACLF. ¢, d Comparison between the cumulative frequency of top 100 CD4 and CD8 T cell clonotypes at each time point

found that CD8 consistently showed a higher percentage  both time points (T1, 56.56% vs. 15.0%, p=0.043; T2,
of the clonally expanded population than CD4 T cells for ~ 76.22% vs. 16.18%, p =0.043; Fig. 3c, d). Overall, the
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degree of clonal expansion was higher for CD8 as com-
pared to CD4.

The degree of clonal expansions in CD8 T cell
repertoires was related to HBV-ACLF progression

Finally, we analyzed the correlation between MELD scores
and overall repertoire diversity, as well as the proportion
of highly expanded clonotypes in HBV-ACLEF patients. The
MELD scores were positively correlated with CDS8 reper-
toire diversity (r=0.90, p=0.037; Fig. 4a) and negatively
correlated with the cumulative frequencies of top 100 clo-
notypes (r=—0.90, p=0.037; Fig. 4b) at clinical diagnosis.
However, there was no relationship between MELD score
and CD4 T cell repertoire diversity at admission (Fig. 4d,
e). Moreover, the change of diversity of CDS8 repertoires
during ACLF was positively correlated with the change of
MELD values (r=0.9, p=0.037; Fig. 4c), but this tendency
was not observed for CD4 T cells (Fig. 4f). These results
indicate that HBV-ACLF patients who underwent greater
clonal expansion of CD8 T cells in an early stage had better
prognoses. This suggests that clonal expansions in CD8 T

cell repertoires play an essential role in HBV-ACLF patho-
genesis and may improve patient outcomes.

Discussion

Two of the key unmet needs in HBV-ACLF clinical man-
agement are predictive prognostic biomarkers and definite
immunomodulatory strategies. T cell responses play critical
roles in virus control and immune-mediated liver damage.
Limited longitudinal studies have shown dynamic changes
of T cell immunity in HBV-ACLF patients. Most of the
studies investigated peripheral blood immune cell counts,
phenotypes, or cytokines during disease progression rather
than quantitatively assess the composition and perturba-
tion of T cell repertoires. In this study, we longitudinally
investigated the characteristics of peripheral CD4 and CD8
TCR repertoires in HBV-ACLF patients. To the best of our
knowledge, this is the first NGS data on dynamic changes in
TCR repertoires in HBV-ACLF patients based on massive
CDR3 sequences.

Previous studies demonstrated cellular immunity over-
activation in the early stage of ACLF, accompanied by
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Fig.4 Correlation between the clonality of T cell repertoires and
the disease progression. The correlations were calculated between
the NSDE values of T cell repertoire (a CD8; d CD4) or cumulative
frequencies of top 100 clonotypes (b CDS8; e CD4) and the MELD
scores at the first time point. The correlations were also investigated
between the fold change of NSDE values of T cell repertoire (¢ CD8;

f CD4) and the fold change of MELD scores during the observa-
tion, calculating as the value of a given item at the first time point
divided by that at second time point. The correlations were calculated
by Spearman’s rank order correlation coefficient for samples during
ACLF in the five patients; r: correlation coefficient. NSDE Normal-
ized Shannon diversity entropy
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immune suppression in late stages. The progression of
the disease is very fast within 1 month. T cell subsets, cell
counts, and activation status have been investigated dur-
ing HBV-ACLEF, but the findings remain controversial. For
example, some studies reported that the T cells response
was depressed, while others observed over-activated cellular
immunity in HBV-ACLF [8, 10]. The discrepancies may be
attributable to the rapid changes in immune status, pheno-
types, or cytokine expression levels in T cells, as well as
the use of different T cells staining markers in HBV-ACLF
patients. The TCR is unique to each T cell clone even when
they undergo clonal expansion upon activation. Therefore,
by analyzing TCR repertoires in HBV-ACLF patients, T cell
composition and perturbation during disease progression
can be quantitatively assessed without in vitro manipula-
tion. Compared with CD4, TCR NGS sequencing showed
significant oligoclonal expansion in CD8 T cells in patients
with HBV-ACLF at admission and during hospitalization. In
treatment-naive CHB patients in our previous study [20], we
obtained similar cell counts and clean reads, and the num-
ber of unique clonotypes in CD4 was comparable to that in
CD8 T cells. In this HBV-ACLF study, the number of unique
CD4 clonotypes was at least 4.4 times higher than that in
CD8 T cells. On the other hand, CDS8 T cells showed greater
clonal expansions compared to CD4 T cells at the same time
point, as there were lower diversity and a higher proportion
of the top100 clonotypes in CD8 repertoires relative to CD4
T cells. Furthermore, in the condition of the comparable
cell counts of CD8 T cells between two time points, CD8
T cell repertoires diversity decreased while the proportions
of top 100 CDS clonotypes increased during hospitaliza-
tion. Consistent with these results, two cross-sectional stud-
ies reported that the numbers of clonal expansion TCR Vf
families in CD8* T cells were significantly higher than those
in CD4" T cells in patients with chronic severe hepatitis B,
indicating a major role of CD8" T cells in disease patho-
genesis [13, 24]. Another more recent study demonstrated
the higher levels of Tc17 cells in HBV-ACLF than in CHB
patients, and a positive correlation between Tc17 cell fre-
quency and MELD score [10]. Our present study indicated
the significant CD8 T cells clonal expansion but the nega-
tive correlation with MELD, suggesting some other CD8
T cells subsets or clonotypes expansion except for Tcl7.
Further studies are needed to determine the function and
antigen specificity of these highly expanded CD8 T cells in
HBV-ACLF.

CDA4 T cells exhibited a stronger response than the CD8
population in CHB patients with nucleos(t)ide analog
treatment [20]. CD8 T cells showed more significant clonal
expansion in HBV-ACLF than in CHB patients, suggest-
ing different immune responses in these diseases. Limited
studies have focused on CD4 and CD8 TCR repertoires
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among different clinical types of chronic HBV infec-
tion. One study found no significant difference in skewed
TCRBYV expression rates in PBMCs between patients with
CHB and chronic severe hepatitis B [25]. Another study
demonstrated that ACLF patients showed fewer activated
CD8 T cells compared to non-ACLF patients, implying
exhaustion or suppression of lymphocytes, especially acti-
vated CD8 T cells [8]. Previous study has shown the equal
reduction of CD3* T lymphocytes in patients with HBV-
ACLF and septic shock, while the HBV-ACLF patients
with or without sepsis did not significantly affect the
immune status [26]. Whether patients with HBV-ACLF
and septic shock show the similar or different TCR reper-
toire profile and diversity deserves further investigation.

Unlike CD8, CD4 T cells repertoire changes in longi-
tudinal analysis were not evident among the entire group.
The survivors showed a decrease, while the non-survivors
showed a slight increase in clonotypes and CD4 reper-
toire diversity during hospitalization, suggesting clonal
expansion in the survivors. However, we were unable to
perform statistical analyses on TCR repertoires between
survivors and non-survivors due to the small sample size.
On the other hand, since it is difficult to obtain samples in
ACLF patients, we only detected the repertoires of bulk
CD4 T cells instead of different functional CD4 T cell
subsets (e.g., Tregs). It was reported that the frequency of
Tregs, which suppress the immune response, was signifi-
cantly increased in HBV-ACLF patients as compared with
healthy donors and CHB patients [6, 9]. Another investiga-
tion reported that the elevation was not due to the absolute
count of CD4* Tregs (CD4" CD25** FoxP3") increase
but rather a significant reduction in conventional CD4"
T cells (CD4*CD257~%) [26]. Two studies demonstrated
that higher peripheral Tregs were associated with more
severe liver diseases in ACLF patients, with non-survivors
and survivors showing increasing and decreasing trends of
Treg frequency, respectively [6, 9]. Whether the declines
in clonotypes and diversity in survivors in the current
study reflected recovery from hepatocytes injuries accom-
panied by down-regulation of the Tregs or migration of
peripheral Tregs to the liver requires further investigation.

The very small sample size, as well as the detection of
bulk CD4 and CDS8 T cell repertoires, is the limitation of
this study. Furthermore, this study is also limited by the
only analysis of peripheral, rather than the comparison of
intrahepatic T cells repertoire change. It would be better
to collect blood and liver tissue samples of HBV-ACLF
patients in prospective rather than cross-sectional studies.
More patients, control groups (e.g., healthy volunteers,
patients with CHB or liver cirrhosis), and specific cell
subsets (rather than global CD4 or CD8 cells) should be
assessed in future investigations.
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Conclusion

In summary, we showed that HBV-ACLF patients display
significant expansions in CD8 but no significant change
in the CD4 T cell repertoires. These findings will improve
our understanding of the pathogenesis of cellular immune
dysfunction in HBV-ACLF and could be used to develop a
predictive marker for disease outcome.
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