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Abstract

Amyloid light chain (AL) amyloidosis is a rare plasma cell dyscrasia with dismal prognosis. This study aims to investigate the T-cell
immune checkpoint expression patterns in systemic AL amyloidosis and its relationship with clinicobiological traits. We examined
the frequencies of V-domain immunoglobulin suppressor of T cell activation* (VISTA*), programmed cell death 1+ (PD-1%), T cell
immunoglobulin and mucin-domain-containing-3+* (Tim-3+), T cell immunoreceptor with Ig and ITIM domains* (TIGIT*) T cells in
peripheral blood (PB) and bone marrow (BM) from 19 patients with newly diagnosed AL amyloidosis. Patients with AL amyloidosis
had significantly higher percentages of VISTA* and PD-1+* T cells in PB than healthy individuals (HIs), with no statistical differences
in BM. The percentages of some double-positive T cells in PB were also considerably higher in AL amyloidosis than those in His.
Additionally, the patients with renal involvement had more PD-1+ and TIGIT* T cells than the patients without, and PD-1+CD3*%,
PD-1+*CD4+%, PD-1*Treg% were positively correlated with 24-hour proteinuria levels. Furthermore, the AL amyloidosis patients
had higher counts of PD-1* Treg in PB than multiple myeloma (MM) patients, while the MM patients had higher counts of TIGIT*
T cells than AL amyloidosis patients. Collectively, this is the first report of elevated proportions of VISTA* and PD-1+ T cells in PB
of AL amyloidosis patients, indicating an immunosuppressive milieu, and the increased PD-1* and TIGIT* T cells were associated
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with renal damage. VISTA, PD-1, and TIGIT may be potential targets for reversing T-cell exhaustion in AL amyloidosis.
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1. INTRODUCTION

Amyloid light chain (AL) amyloidosis is a hematologic malig-
nancy characterized by an increase of clonal plasma cells in
the bone marrow (BM). These aberrant plasma cells have the
capacity to create monoclonal LCs, which aggregate into insol-
uble amyloid fibrils and deposit in tissues, leading to progressive
organ damage.! Left untreated, the prognosis for systemic AL
amyloidosis is poor with a median survival of 8 months, even
worse in patients with cardiac involvement,? and the character-
istics of multiorgan involvement will also challenge the toler-
ance of treatment, resulting in fatal outcomes.

The immunosurveillance system is crucial in preventing
the cancerogenesis and metastasis. However, the cancer cells
may develop various strategies to evade immune surveillance,
and one of the mechanisms they employ is to induce T-cell
exhaustion.>* Overexpression of T cell inhibitory receptors
is a typical feature of exhausted T cells. These inhibitory
receptors, also known as immune checkpoints, function to
prevent T cell excessive activation, maintaining the immune
system in balance under physiological conditions. While in
pathological conditions, the up-regulation of these mole-
cules may contribute to T-cell dysfunction and exhaustion.®
Programmed cell death-1 (PD-1) and cytotoxic T-lymphocyte
antigen-4 (CTLA-4) are 2 of the earliest and best described
immune checkpoints.” Several hematologic malignancies,
including leukemia, lymphoma, and multiple myeloma (MM),
have been demonstrated to be associated with an increase in
T lymphocytes expressing PD-1 or CTLA-4.5-!! In addition,
numerous novel immune checkpoint molecules have also been
identified including V-domain immunoglobulin suppressor
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of T cell activation (VISTA), T cell immunoglobulin and
mucin-domain-containing-3 (Tim-3), T cell immunoreceptor
with Ig and ITIM domains (TIGIT), etc.'>'* These immune
checkpoints are regarded to exhibit distinct characteristics
and functions in restraining antitumor immunity, and they
have also been detected overexpression in multiple hemato-
logic malignancies such as leukemia and MM."~'7 The strat-
egies targeting immune checkpoints have been confirmed to
be effective in reversing T cell dysregulation, and a number
of immune checkpoint inhibitors (ICIs) used alone or in com-
bination have demonstrated impressive success in treating
multiple cancer types.”'®"” Therefore, identifying immune
checkpoint expression was of great value for both systematic
investigation of cancer immunoregulatory networks as well as
the selection of effective immunotherapy medications.

Contrary to other types of plasma cell disorder, such as MM,
which has been the subject of extensive immune checkpoint
researches,?*23 little is known about the alterations of immune
checkpoints expression and their clinical implications in AL
amyloidosis. In this study, we aimed to characterize the vari-
ous distributions of VISTA, PD-1, Tim-3, and TIGIT on the T
cell subsets in PB and BM from patients with newly diagnosed
AL amyloidosis, and to further analyze potential correlations
between the T-cell immunodeficiency status and clinicobiolog-
ical characteristics.

2. MATERIALS AND METHODS

2.1. Patients

A total of 19 patients with confirmed newly diagnosed sys-
temic AL amyloidosis between January 2021 and June 2022 at
Guangdong Provincial People’s Hospital were enrolled in this
study. The diagnosis of AL amyloidosis was based on the pres-
ence of amyloid-related systemic syndromes, positive amyloid
staining by Congo red in any tissue, restricted LC deposition,
and evidence of plasma cell clonality. The staging was made
according to the 2012 Mayo staging system.?* Organ involve-
ment was defined according to the updated consensus crite-
ria for amyloid-related organ involvement.”® The clinical and
laboratory characteristics of the patients with AL amyloidosis
are listed in Table 1. Briefly, the median age was 54 years and
73.7% were males. The majority of patients had the A LC iso-
type. For comparison with AL amyloidosis, 29 healthy individu-
als (HIs) and 36 newly diagnosed MM patients?® with matched
age and sex were also included in this study. All patients and
HIs gave informed consent in accordance with the Declaration
of Helsinki, and the study protocol was approved by the Ethics
Committee of the Guangdong Provincial People’s Hospital
(approval no.: KY-Q-2022-063-02).

2.2. Blood and BM samples

Peripheral blood (PB; n = 74) and BM (n = 29) samples from
patients or HIs were collected during routine diagnostic proce-
dures and were processed within 12 hours of collection. Red
blood cells were lysed first by 10 minutes of incubation at room
temperature using 10 mL 1xlysis buffer (BD Biosciences, San
Jose, California), and then the samples were washed with 1x
PBS (Jingxin, Guangzhou, China), and harvested by centrifuga-
tion and prepared for flow cytometry staining.

2.3. Flow cytometry analysis

According to the manufacturer’s instructions, the freshly isolated
target cells were stained with the following monoclonal antibod-
ies: CD45-BV60S5 (clone HI30, BD Biosciences), CD3-APC-Cy7
(clone SK7, BD Biosciences), CD8-APC-R700 (clone RPA-T8, BD
Biosciences), CD4-BV510 (clone SK3, Biolegend), CD25-BB515
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Patient characteristics.

Characteristics Number of patients, n (%) or median (range)
Age, y, median (range) 54 (30-72)
Male gender, n (%) 14 (73.7)

NT-proBNP, ng/L (range)
hs-cTnT, pg/L, (range)

2582.0 (42.7-10,098.0)
0.07 (0.0067-0.2878)

24-h urine protein, g (range) 3.2 (0.08-9.15)
ALP, U/L (range) 162 (40-1276)
dFLC > 180mg/L, n (%) 8 (42.1)
BMPCs, %, median (range) 7 (2-22)
LC isotype, n (%)
K 4(21.1)
A 15 (78.9)
2012 Mayo stage, n (%)
| 6 (31.6)
I 3(15.9)
I 5(26.3)
% 5(26.3)
Organs involved, n (%)
Cardiac involvement 13 (68.4)
Renal involvement 12 (63.2)
Liver involvement 2 (10.5)
Gastrointestinal involvement 2 (10.5)
Peripheral neuropathy 2(10.5)
Soft tissues 9 (47.4)
Cytogenetic abnormalities, n (%)
t(11;14) 7(36.8)
1021 gain 5(26.3)
t(14;16) 1(5.3)
Treatment regimen, n (%)
VTD or VRD 7(36.8)
VCD 5(26.3)
\D 1(5.3)
Others 6 (31.6)

ALP = alkaline phosphatase, BMPCs = bone marrow plasma cells, dFLC = difference between
involved and uninvolved free light chain, hs-cTnT = high-sensitivity cardiac troponin T, LC
= light chain, NT-proBNP = N-terminal pro-B-type natriuretic peptide, VCD = bortezomib,
cyclophosphamide, and dexamethasone, VD = bortezomib, dexamethasone, VRD = bortezomib,
lenalidomide, and dexamethasone, VTD = bortezomib, thalidomide, and dexamethasone.

(clone 2A3, BD Biosciences), Foxp3-BB700 (clone 236A/E7, BD
Biosciences), PD-1-PE-Cy7 (clone EH12.1, BD Biosciences), Tim-
3-BV421 (clone F38-2E2, Biolegend), VISTA-PE (clone B7H5DS8,
eBioscience), and TIGIT-AF647 (clone A15153G, Biolegend).
Nonreactive isotype-matched antibodies were used as controls. At
least 30,000 CD45*CD3" cells per sample were acquired for anal-
ysis with a BD Canto flow cytometer (BD Biosciences), and data
were analyzed using the Flowjo software (Flowjo LLC).

2.4. Statistical analysis

The frequencies of the different T-cell subsets are presented as
medians. The Mann-Whitney U test was used to analyze data
between patients with AL amyloidosis and HIs for 2 indepen-
dent samples. Spearman rank correlation coefficient (rs) was
used to evaluate associations for continuous variables. All data
analyses were performed using the SPSS software. Notably, dif-
ferences with P < .05 were considered statistically significant.

3. RESULTS

3.1. Characteristics of VISTA/PD-1/Tim-3/TIGIT* T cells
in PB and BM from patients with AL amyloidosis

The percentages of VISTA*, PD-1*, Tim-3*, and TIGIT* T cells
in PB and BM collected simultaneously from 19 patients with AL
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amyloidosis were measured. PB samples from 19 HIs and BM
samples from another 10 HIs were set as controls. The gating strat-
egy is presented in Figure 1A. Overall, the global distribution and
frequency of different phenotypes of T cells in the PB of patients
with AL amyloidosis and HIs could be represented by t-distributed
stochastic neighbor embedding (tSNE) clusters in which higher
numbers of cells with VISTA or PD-1 expression were apparent
in the patients (Fig. 1B). More specifically, as shown in Figure 1C,
PB from patients with AL amyloidosis was shown to include con-
siderably higher percentages of VISTA* CD3* and PD-1* CD3* T
cells than HIs (median: 12.20 vs 4.38, P < .001; median: 21.90 vs
10.90, P = .001, respectively), and the VISTA* and PD-1* T cells
were both increased in the CD4* T and CD8* T-cell subset (VISTA:
P <.001 for CD4* T and CD8* T-cell; PD-1: P =.009 and P = .008
for CD4* T and CD8* T-cell, respectively). However, the frequency
of the Tim-3* or TIGIT* subset in CD3*, CD4*, and CD8* T cells
did not differ statistically between the 2 groups. Because AL amy-
loidosis originates from BM, we also evaluated the frequency of
VISTA*, PD-1*, Tim-3*, and TIGIT* T-cell in BM samples, whereas
none of the differences reached statistical significance between
patients with AL amyloidosis and HIs (Fig. 1D).

Moreover, we compared the frequencies of VISTA*, PD-1*, Tim-
3+, and TIGIT* T cells in the 19 PB and BM-paired samples from
patients with AL amyloidosis. The percentages of VISTA* CD3*/
CD4+/CD8* T cells were significantly higher in PB than that in BM
(for CD3* T: median: 12.20 vs 9.00, P = .005; for CD4* T: median:
10.90 vs 9.09, P = .049; for CD8* T: median: 8.79 vs 6.65, P =
.015), and the percentages of PD-1* CD3* T cells were significantly
higher in BM than that in PB (median: 24.50 vs 21.90, P = .014),
primarily in the CD8* T cell subset (median: 28.60 vs 20.90, P =
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.002), whereas the percentages of Tim-3* or TIGIT* T cells between
PB and BM did not appear to be significantly different (Fig. 1E).

3.2. Characteristics of double-positive T cells expressing
VISTA/PD-1/Tim-3/TIGIT in PB from patients with AL
amyloidosis

Combination of ICIs has the potential to improve responses
for immunotherapy,?” so we further compared the characteris-
tics of the double-positive T cells co-expressing VISTA/PD-1/
Tim-3/TIGIT in PB between patients with AL amyloidosis
and HIs (Fig. 2A). The results are represented in Figure 2B, we
observed that the patients with AL amyloidosis contained con-
siderably higher frequencies of VISTA* PD-1*, VISTA* Tim-3*,
and VISTA* TIGIT* subsets within CD3*, CD4*, and CD8* T
cells compared with the Hls (for CD3* T: P < .001, P = .001, P
<.001; for CD4* T: P < .001, P = .006, P = .001; for CD8* T: P
<.001, P < .001, P < .001, respectively); similarly, the patients
contained significantly higher frequencies of PD-1* Tim-3* and
PD-1* TIGIT* subsets within CD3* and CD8* T cells compared
with the HIs (for CD3* T: P =.023 and P = .002; for CD8* T: P
=.002 and P = .0035, respectively), while within CD4* T cells the
same difference only appeared as a trend.

3.3. Characteristics of VISTA/PD-1/Tim-3/TIGIT* Treg in
PB and BM from patients with AL amyloidosis

Regulatory T cell (Treg) is a major component of the immu-
nosuppressive tumor microenvironment.”* Then we analyzed
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Figure 1. The percentage of VISTA/PD-1/Tim-3/TIGIT* T cells in PB and BM from patients with AL amyloidosis and Hls. (A) The analytic logic of flow cytometry
detection of VISTA/PD-1/Tim-3/TIGIT expression within CD3*, CD4*, and CD8* T cell subsets in PB or BM. (B) tSNE clusters of the global distribution and
frequency of different phenotypes of T cells in the PB of patients with AL amyloidosis and Hls. (C) Comparison of the percentage of VISTA/PD-1/Tim-3/TIGIT*
T cells in PB between patients with AL amyloidosis (n = 19) and Hls (n = 19). (D) Comparison of the percentage of VISTA/PD-1/Tim-3/TIGIT* T cells in BM
between patients with AL amyloidosis (n = 19) and Hlis (n = 10). (E) Comparison of the percentage of VISTA/PD-1/Tim-3/TIGIT* T cells between PB and BM from
19 patients (P1-P16) with AL amyloidosis. AL = amyloid light chain, BM = bone marrow, Hls = healthy individuals, PB = peripheral blood, PD-1 = programmed
cell death-1, TIGIT = T cell immunoreceptor with Ig and ITIM domains, Tim-3 = T cell immunoglobulin and mucin-domain-containing-3, tSNE = t-distributed
stochastic neighbor embedding, VISTA = V-domain immunoglobulin suppressor of T cell activation.
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Figure 2. The percentage of double-positive T cells expressing VISTA/PD-1/Tim-3/TIGIT in PB from patients with AL amyloidosis and Hls. (A) The analytic logic
of flow cytometry detection of VISTA/PD-1/Tim-3/TIGIT co-expression within CD3*, CD4*, and CD8* T cell subsets in PB. (B) Comparison of the double-positive
T cells co-expressing VISTA/PD-1/Tim-3/TIGIT in PB between patients with AL amyloidosis (n = 19) and His (n = 19). AL = amyloid light chain, His = healthy
individuals, PB = peripheral blood, PD-1 = programmed cell death-1, TIGIT = T cell immunoreceptor with Ig and ITIM domains, Tim-3 = T cell immunoglobulin
and mucin-domain-containing-3, VISTA = V-domain immunoglobulin suppressor of T cell activation.

the proportions of VISTA*, PD-1*, Tim-3*, and TIGIT* Tregs
in PB from the same 19 patients with AL amyloidosis and Hls
(Fig. 3A). Intriguingly, the proportions of Tregs expressing
VISTA or PD-1 were likewise considerably higher in patients
than those in HIs (for VISTA: median: 9.66 vs 3.79, P < .001;
for PD-1: median: 13.20 vs 6.94, P < .001), whereas no differ-
ences of Treg subsets expressing Tim-3 or TIGIT were found
between patients and HIs (Fig. 3B). Accordingly, in AL amyloi-
dosis patients, the changes of the subsets expressing any one of
the four checkpoint molecules in Tregs were the same as those
in CD3* T, CD4* T, and CD8* T cells. Regarding the double-
positive Tregs co-expressing 2 of the 4 checkpoint molecules, we
found that the patients contained significantly higher propor-
tions of double-positive VISTA* PD-1+, VISTA* TIGIT*, PD-1*
Tim-3*, and PD-1* TIGIT* Tregs in comparison with the HIs (P
=.001, P <.001, P =.011, and P < .001, respectively), while the
proportions of the VISTA* Tim-3* Tregs were similar in both
groups. This finding was inconsistent with those in CD3* T,
CD4* T, and CD8* T cells, perhaps because of the small sample
size (Fig. 3B).

When we further analyzed the distribution of VISTA*, PD-1+,
Tim-3*, and TIGIT* Tregs in BM from the patients with AL amy-
loidosis and HIs, we found no statistically significant differences
between the 2 groups (Fig. 3C).

4

3.4. Correlations between T cell subsets expressing
VISTA/PD-1/Tim-3/TIGIT in PB and clinical features of AL
amyloidosis

According to the aforementioned findings, the frequencies of
T cell subsets expressing checkpoint molecules in PB of patients
with AL amyloidosis changed prominently when compared to
those of HIs, however, the frequencies of single positive (VISTA
or PD-1 or Tim-3 or TIGIT) or double-positive (co-expression
with each other) subsets within CD3* T, CD4+* T, CD8* T, and
Tregs relatively varied among different AL amyloidosis patients
(Fig. 4A). Notably, patient P6 had a larger percentage of T cell
subsets expressing Tim-3 (Fig. 4A). When we divided them into
stage I, II, III, and IV groups according to the 2012 Mayo stag-
ing system, the frequencies of these T cell subsets did not appear
to be related with different stages of amyloidosis (Fig. 4A).

Considering heart and kidney are the most commonly
involved organs in AL amyloidosis, we then analyzed the cor-
relations between relative counts of different T cell subsets
and cardiac or renal indicators. Interestingly, we observed a
positive correlation between 24-hour proteinuria levels and
PD-1*CD3*% (rs: 0.615, P =.005), PD-1*CD4*% (rs: 0.733, P <
.001), and PD-1*Treg% (rs: 0.542, P = .016) (Fig. 4B). When we
analyzed the correlations between relative counts of different

www.blood-science.org



Chin Assoc of Blood Sci

A u‘-‘ 301 098 o 10,060 6.01E-3
. - 1
'
¢
o " Isotype
L F JK-) -]
o 2m 662 8 99.1 088
0 w e w' wt w U Lt . [
CD4q— FoxP3———
w4315 103 ' 1626 276
- [ ] 1
1 AL PB
B
b @: ™ o i
OQ" 293 645 S T 013
0 ] w ‘w' w U e * w w
CD4—— FoxP3——=
“Jo o ™o o™ o™ [
- - - -
o= - -
@ 28 743 844 @ 156 6.0 381
0 ] e A g
VISTA PD-1 Tim-3
w15.90 180 | <7 087 | #1305 476 w1149 133 | #1381 18
.., ey wtd '
. @4 .
o
. .
< i |
= LIS o
Nordsrg 143 |*'d89.0 324 | dass 463 fa) e 248 | a0 373
» M ; ] ey B et v ™
PD-1 Tim-3 TIGIT Tim-3 TIGIT
30 25- —£<0.001 4 25 100
o~ - = -
£ T Ew Ew
g & 15 ;; s g w
- = . [ -
é “ I oha EXC Eow
2 2 E 5 2
X o
HI AL HI AL
a B=0001 4 g T Be0.001 T -B=0011 o5 Fo
< g g g g T
s = ]
g £ E 1 E o 2 g
5 N £ e E° g
a8t i E g E' 3 £ 3
% B [~ [~ET = I~
g 2 cE 20 Tos 3 5
E 2, 2, g n.n g :-—2 o
o H s +
HI AL HI AL HI AL HI AL HI AL
30 50 30- 100-
g g g £ o .-
£ P £ Ee 5
S
:, Sy 5 : . B
s g E E 20 e
T 0-
HI ArL HI AL HI AL
g 18 g il gﬁ g 16 g g 30
3 £
g Ee gx £ Fu g
= v £ = = =20
T e % £ % £ %
e, E, 94, ° £ g E
: i % 5. £ g
2. 3 < x ) 3 £
£, 2, 2, g£. 2. g,
HI AL HI AL HI AL HI AL HI AL

BM

Figure 3. The percentage of VISTA/PD-1/Tim-3/TIGIT* Treg in PB and BM from patients with AL amyloidosis and Hls. (A) The analytic logic of flow cytometry
detection of single positive (VISTA or PD-1 or Tim-3 or TIGIT) Treg or double-positive (co-expression with each other) Treg in PB or BM. (B) Comparison of the
percentage of VISTA/PD-1/Tim-3/TIGIT* Tregs in PB between patients with AL amyloidosis (n = 19) and Hls (n = 19). (C) Comparison of the percentage of VISTA/
PD-1/Tim-3/TIGIT* Tregs in BM between patients with AL amyloidosis (n = 19) and His (n = 10). AL = amyloid light chain, BM = bone marrow, Hls = healthy
individuals, PB = peripheral blood, PD-1 = programmed cell death-1, TIGIT = T cell immunoreceptor with Ig and ITIM domains, Tim-3 = T cell immunoglobulin
and mucin-domain-containing-3, VISTA = V-domain immunoglobulin suppressor of T cell activation.

T cell subsets with N-terminal pro-B-type natriuretic peptide  the kidney involvement, we found that the frequencies of PD-1*
(NT-proBNP) levels, we could not find any statistical differences ~ and TIGIT* subsets within CD3* T cells (for PD-1*: median:
(Fig. 4C). When we divided the patients into 2 groups based on ~ 24.90 vs 13.05, P < .001; for TIGIT*: median: 30.30 vs 15.70,
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Figure 4. Correlations between T cell subsets expressing VISTA/PD-1/Tim-3/TIGIT in PB and clinical features of AL amyloidosis. (A) Heatmap representing the
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containing-3, Treg = regulatory T cell, VISTA = V-domain immunoglobulin suppressor of T cell activation.

P =.022), CD4* T cells (for PD-1*: median: 24.60 vs 11.70,
P < .001; for TIGIT*: median: 20.30 vs 10.65, P = .036), and
Tregs (for PD-1*: median: 16.30 vs 12.25, P = .036; for TIGIT*:
median: 50.80 vs 37.10, P = .029) were higher in patients with
renal involvement (n = 13) compared with the individuals with-
out renal involvement (n = 6) (Fig. 4D). However, we noted no
differences between patients with and without renal involve-
ment in the frequencies of VISTA* or Tim-3* T cells (Fig. 4D).

3.5. Comparison of T cell subsets expressing VISTA/
PD-1/Tim-3/TIGIT in PB between AL amyloidosis and MM

Both MM and AL belong to malignant plasma cell prolif-
erative diseases, subsequently, we compared the frequencies
of T cell subsets expressing VISTA/PD-1/Tim-3/TIGIT in PB
between 19 patients with AL amyloidosis and the data from our
prior publications from 36 patients with MM.?%?’ The findings
demonstrated that, in comparison to AL amyloidosis, MM had
significantly higher proportions of TIGIT* CD3* T cell (median:
33.65 vs 25.00, P = .022), TIGIT* CD4* T cell (median: 23.15
vs 18.70, P = .025), TIGIT* CD8* T cell (median: 52.15 vs
39.80, P = .003), as well as a higher propensity of TIGIT* Treg.
In contrast, AL amyloidosis had a higher tendency of PD-1*
Treg (median: 13.20 vs 10.95, P = 0.016) (Fig. 5). However, the
frequency of VISTA* or Tim-3* T cell was statistically similar

6

between the 2 groups (Fig. 5). These results implicated that the
2 malignant monoclonal gammopathies involved distinct immu-
nological T cell subsets.

4. DISCUSSION

AL amyloidosis is a rare plasma cell dyscrasia characterized
by progressive, often devastating multiorgan dysfunction. In
recent years, ICIs have shown striking benefit in the treatment
of hematological malignancy.?*3%3! However, relatively little
information regarding immune checkpoints in patients with AL
amyloidosis has been discovered. In this study, we first analyzed
the expression patterns of VISTA, PD-1, Tim-3, and TIGIT in
the T cell populations of patients with newly diagnosed AL amy-
loidosis, and evaluated their relationship with clinicobiological
characteristics.

Comparing with Hls, we discovered predominant higher fre-
quencies of VISTA* and PD-1* T cells in PB of patients, with
parallel increase in CD3*, CD4*, and CD8* T cells. Although
there were no significant differences in the numbers of Tim-3*
and TIGIT* T cells between patients and HIs, the increased ten-
dencies were observed in patients. PD-1, belonging to the CD28
immunoglobulin superfamily, is induced on activated T, B, nat-
ural killer T, and myeloid cells.3>33 It can bind to the B7-family
ligands PD-L1 (B7-H1) and PD-L2 (B7-DC), and inhibit the
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Figure 5. Comparison of T cell subsets expressing VISTA/PD-1/Tim-3/TIGIT in PB between AL amyloidosis and MM. Increased TIGIT* CD3*, TIGIT* CD4*,
TIGIT+ CD8* T cells were found in the MM group, while increased PD-1* Treg was found in the AL amyloidosis group. AL = amyloid light chain, MM = multiple
myeloma, PB = peripheral blood, PD-1 = programmed cell death-1, Tim-3 = T cell immunoglobulin and mucin-domain-containing-3, TIGIT = T cell immunore-
ceptor with Ig and ITIM domains, Treg = regulatory T cell, VISTA = V-domain immunoglobulin suppressor of T cell activation.

proliferation and effector functions of immune cells, which are
important causes of tumor immune escape.**> As the earliest
and best-described immune checkpoint, PD-1 targeted inhibi-
tors have demonstrated potentiality in multiple hematological
malignancies.’! VISTA, Tim-3, and TIGIT are regarded as novel
immune checkpoints, exhibiting distinct characters and func-
tions. Their ligands are observed to express on cancer cells and/
or various immune cells, and these inhibitory receptor-ligand
interactions collaborate to achieve fine tuning of T-cell func-
tions throughout the different phases of T-cell activation.!®3-7
Besides, these immune checkpoints can contribute to tumor
resistance to PD-1/PD-L1 inhibitors, and combined blockade
of ICIs can overcome the drug resistance to some extent.>* At
present, the ICIs targeting these novel immune checkpoints are
entering clinical practice. Overall, it can be summarized that
the exhausted T cells are increased in PB of patients with AL
amyloidosis even though the tumor load was generally very low,
indicating a immunosuppressive microenvironment in PB of
patients with AL amyloidosis, meanwhile, VISTA* and PD-1+ T
cells were main subpopulations of the exhausted T cells, indicat-
ing that their blockades could be promising approaches against
this tumor.

Due to some patients giving up treatment or dying before or
at the beginning of treatment, hematologic response was evalu-
able in only 11 patients (4 complete response, 5 very good par-
tial response, 2 stable disease). Even so, initial analysis revealed
that PB from patients with stable disease include considerably
higher percentages of PD-1+ CD3+ T cells than the patients with
complete response (median: 32.05 vs 14.46, P = .031). After a
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median follow-up period of 9 months (range, 1-31 months), no
recurrence was observed, and 3 patients died of original disease.
It is worth noting that all the 3 patients died within 2 months
of diagnosis, and we found that PB from the early died patients
include considerably higher percentages of PD-1+ CD3+ T cells
than the survival patients (median: 36.73 vs 18.03, P = .003).
These indicate that an immunosuppressive milieu may reduce
treatment effectiveness and survival time in AL amyloidosis.
Additional studies with larger groups of patients are needed
to evaluate the T-cell immune checkpoint expression patterns
in predicting treatment efficacy and long-term survival in AL
amyloidosis.

In MM, BM represents an immunosuppressive microenvi-
ronment that can impair the function of T cells,*® and we have
identified increased exhausted T cells in BM of MM patients in
our previous studies,'”* nevertheless T cell alterations within
the BM microenvironment in AL are poorly understood. Thus
we further evaluated the frequency of VISTA*, PD-1*, Tim-3*,
and TIGIT* T-cell in BM samples, however, no differences were
found between patients with AL amyloidosis and HIs. Moreover,
we discovered that the frequency of VISTA* T-cell was higher
in PB than that in BM, and the frequency of PD-1* T-cell was
higher in BM than that in PB. It should be pointed that in the
HIs, the frequency of PD-1* T-cell was also higher in BM than
that in PB (data not shown). We are aware that the tumor bur-
den in AL amyloidosis is relatively low with a median of 5% to
10% clonal plasma cells in BM (7% in this study),>** even lower
in PB. Nevertheless, we observed more severe immunodeficiency
of T cell in PB than that in BM (evidenced by the increased
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VISTA* T-cell in PB), suggesting that the immunosuppression in
PB may be more complicated in this disease. Investigating this
result in a larger cohort might be intriguing.

Although current ICIs directed against CTLA-4 or PD-1
are exhibiting unprecedented efficacy in several malignant
tumors, there are still many patients who do not respond to
these drugs. For example, monotherapy of PD-1/PD-L1 inhibi-
tors failed to show the anticipated clinical results in MM even
with PD-1 overexpression on exhausted T cells.?** This failure
indicated complicated T-cell immunosuppression in MM, and
abnormal expression of multiple immune checkpoint mole-
cules might be a major reason, in fact, exhausted T cells with
PD-1 and Tim-3 or thymocyte selection-associated HMG BOX
(TOX) double overexpression have been detected in MM.!"?*
Therefore, to fully identify the state of T cell exhaustion, it is
necessary to evaluate the characteristics of the co-expression
of immune checkpoints on T cells. However, there has not been
much study done on AL amyloidosis. Then, we dug deeper into
our research and discovered that the patients with AL amyloi-
dosis contained significantly higher levels of double-positive
VISTA* PD-1*, VISTA* Tim-3*, VISTA* TIGIT*, PD-1* Tim-
3+, and PD-1* TIGIT* T cells, suggesting that combinational
approaches might be promising for better reversal of immune
suppression and improving immunotherapies. Indeed, certain
immune checkpoint molecules, such as Tim-3 or TIGIT, have
distinctive signaling tails that provide the basis for both their
unique regulatory functions and the synergistic effects of treat-
ments targeting these molecules.** And combinations of cer-
tain ICIs have demonstrated significant survival benefits when
compared with single agent in some tumors.?”#1:42

Treg, a critical subset of CD4* T cell characterized by the
CD4*CD25*FoxP3* phenotype, play essential roles in immune

homeostasis; however, infiltration of Treg into tumor microen-
vironment could promote tumor progression through impairing
antitumor immune responses and supporting tumor immune
escape.* Therefore, it is essential to understand the Treg biology
and the effect of ICIs on Treg for effective cancer immunother-
apy.* Several studies have reported that the immune checkpoint
molecules including CTLA-4,% PD-1,* VISTA,* Tim-3,* and
TIGIT* on Tregs are critically important for their suppressive
function, and the majority of intratumoral Tregs may upregulate
immune checkpoint molecules to attenuate antitumor immune
responses.*’*%=2 In MM, it has been manifested that Tregs with
PD-1 overexpression are associated with treatment failure or
shorter survival.?! All these indicate that Treg can be key target
for ICIs. Actually, there have been studies that shown that ICIs
can impair the suppressive function and reduce the emergence
of tumor-specific Tregs.*”*>** In our study of Tregs expressing
immune checkpoint molecules, we found that the patients con-
tained considerably higher counts of VISTA* and PD-1* Tregs in
PB than the HIs, suggesting that Tregs in AL amyloidosis may
have stronger immunosuppressive function. However, further
investigations are needed to characterize the function of the
Tregs in AL amyloidosis pathogenesis, prognosis, and treatment.

Although higher VISTA* and PD-1* T cells were found in the PB
of AL amyloidosis patients in our cohort, the quantities of these
T cells relatively varied among patients. Thus, precise therapeutic
strategies based on individual alterations in immune checkpoints
can be anticipated to bring more satisfying effects to patients.
Notably, higher numbers of T cell subsets expressing Tim-3 were
found in patient P6 in this study. We found that this patient also suf-
fered from psoriasis, an autoimmune disease, and that the patient
died unexpectedly shortly after receiving just 1 cycle of treatment.
Whether the patient’s history of immunosuppressive medication
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or some other causes that contributed to the overexpression of
Tim-3 on his T cells remains an open question. In this case, coex-
isting AL amyloidosis and autoimmune disease can be extremely
challenging to treat because the treatments are contradictory.

Although nearly any organ system can be affected in system-
atic AL amyloidosis, the heart and kidney are the most commonly
involved organs. The 24-hour proteinuria and NT-proBNP lev-
els are important indicators for kidney and heart involvement,
respectively. Interestingly, in our cohort of patients, we observed
that the 24-hour proteinuria levels were positively correlated
with relative counts of PD-1* T cells, while the NT-proBNP lev-
els failed to correlate with any exhausted T cells. Furthermore,
we found that the frequencies of PD-1* and TIGIT* T cells in
patients with renal involvement were significantly higher than
those in patients without renal involvement. In a word, we con-
clude that the quantity of exhausted T cells may be a risk factor
for renal damage in AL amyloidosis, whereas exactly what role
the T cells play in the renal damage is still uncertain.

MM and AL amyloidosis are the most common plasma cell
disorder, and are thought to share a similar plasma cell clone.
However, AL amyloidosis is typically associated with a lower
indolent clonal plasma cell burden than MM,** and mainly
manifests as various forms of organ dysfunction rather than
the CRAB symptoms typical of MM. These differences could
be due to the different immune status in the tumor microenvi-
ronment. T-cell exhaustion has been implicated in MM patho-
genesis,* while similar studies are limited in AL amyloidosis. In
our study, we observed that the MM patients contained signifi-
cantly higher counts of TIGIT* T cells in PB than the patients
with AL amyloidosis, while the AL amyloidosis patients con-
tained significantly higher counts of PD-1* Treg than the MM
patients. These findings indicated that, for different plasma cell
disorder, the different immunosuppression patterns based on
immune checkpoint alteration are relatively different.

To the best of our knowledge, we for the first time described
the distributions of VISTA*, PD-1*, Tim-3", and TIGIT* T cells
in PB and BM from patients with newly diagnosed AL amyloi-
dosis. Limitations of this study include a limited patient sam-
ple size, a lack of analysis with regard to all coexisting immune
checkpoints like CTLA-4 and lymphocyte activation gene-3,
and a lack of analysis regarding treatment responses and surviv-
als due to the short follow-up. Further investigations with more
immune checkpoints and larger sample sizes will be needed to
corroborate these findings and comprehensively evaluate the
immune status of AL amyloidosis.

5. CONCLUSIONS

In summary, we for the first time observed elevated propor-
tions of VISTA* and PD-1* subsets within CD3+, CD4+, CD8* T
cells, and Tregs in PB of AL amyloidosis patients, which are indi-
cators of an immunosuppressive milieu (Fig. 6A). The increas-
ing proportion of PD-1* or TIGIT* T cells were correlated with
renal damage in AL amyloidosis. Additionally, there are signif-
icant differences in immunosuppressive patterns between MM
and AL amyloidosis based on immune checkpoint alteration
(Fig. 6B). These data suggest that VISTA, PD-1, and TIGIT are
promising targets for reversing T cell exhaustion and enhancing
T cell activity in AL amyloidosis.
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