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Exploring the risk of pulmonary arterial hypertension in patients with connective tissue
disease based on nailfold video capillaroscopy
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[Abstract] Objective: This study aims to evaluate the predictive value of nailfold capillaroscopy (NVC) in the diagnosis of patients
with connective tissue disease (CTD) associated pulmonary arterial hypertension (PAH). Methods: A retrospective analysis was
conducted on 147 patients with connective tissue disease (CTD) who were hospitalised in the Department of Rheumatology and
Immunology of the First Affiliated Hospital with Nanjing Medical University and underwent NVC from September 2022 to June 2024.
According to whether they were combined with pulmonary arterial hypertension (PAH) or not, CTD patients were divided into two
groups: CTD -PAH and CTD - nonPAH. Risk factors for PAH in CTD patients were screened by multifactorial logistic regression
analysis. A nomogram prediction model was constructed based on this multifactorial logistic regression analysis and the model
performance was evaluated using the receiver operating characteristic (ROC) curve. Results: Among the CTD patients, 52 (35.4% )
were included in the CTD-PAH group. The capillary length was longer in the CTD-PAH group than in the CTD-nonPAH group [ 262.0
(207.0, 308.0) ws. 202.0(160.0,272.0), P < 0.05], and the pericapillary score was higher than that in the CTD-nonPAH group[2.40
(0.80,3.92) vs. 1.90(0.40,2.80), P < 0.05]. Logistic regression analysis showed that both long capillary length and high pericapillary
score increased the risk of PAH occurrence[OR=1.300(95% CI: 1.100-1.500) , OR=1.268 (95%CI: 1.025-1.568) 1. The area under
the ROC curve of the nomogram prediction model amounted to 0.705 (95% CI: 0.618-0.792, P < 0.05). Conclusion: The findings
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suggest that nailfold capillary characteristics, including capillary length and pericapillary score, may serve as independent predictors of

PAH in patients with CTD. These results provide a new basis for early screening and individualized therapeutic strategies in CTD-PAH

patients.
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Table 1 Clinical characteristics between the CTD-nonPAH and CTD-PAH groups
Variable CTD-nonPAH (n=95) CTD-PAH(n=52) P

Female[n(%) ] 89(93.7) 50096.2) 0.713
Agelyears, M(Pass Pys) ] 50.0(37.0,61.0) 45.5(35.0,55.0) 0.170
CTD duration[ d, M(Pss, Ps) ] 33(1,1621) 586(5,3700) 0.152
CTD typeln(%)] 0.597

SLE 45(47.4) 27(51.9)

SS 16(16.8) 12(23.D)

SSe 20€21.1) 8(15.4)

RA 3(3.2) 2(3.8)

UCTD 10(10.5) 2(3.8)

MCTD 1(1.00 1(1.9
Right heart catheterization

mPAP(mmHg, x +s) - 425+ 11.6

PVR[ood units, M(Pas, P35 ] - 8.6(5.1,13.0)

CO(L/min,x +5) - 43+14

CILL/(min-m®),x + 5] - 2.8+0.9

Mrap[ mmHg, M(Pss, Pss) ] - 4.5(3.0,8.0)

Sv0.L %, M(Pss, Ps5) ] - 64.0(58.2,69.0)
Capillary density[n(%)] 0.443

1-2 loops/mm 8(8.4) 4(7.7)

3-4 loops/mm 12(12.6) 9(17.3)

5-6 loops/mm 11(11.6) 10€19.2)

=7 loops/mm 64(67.4) 29(55.8)
Blood flow speed (um/h, x + s) 373 £ 158 351 £ 142 0.399
Arterial limb[ pum, M(Pas, Ps5) ] 9.0(6.0,16.0) 10.0(7.0,19.0) 0.221
Venous limb[ wm, M(Ps, Ps) ] 14.0(10.0,20.0) 14.5(11.0,33.2) 0.131
Loop diameter[ wm, M(Pss, Pys) | 16.0(11.0,24.5) 16.5(12.8,36.8) 0.266
Capillary length[ um, M(Pss, Pss) ] 202.0(160.0,272.0) 262.0(207.0,308.0) 0.001
Crossed capillaries[n(%) ] 0.607

<30% 57(60.0) 35(67.3)

30%-60% 19(20.0) 7(13.5)

>60%—-80% 10€10.5) 7(13.5)

>80% 9(9.5) 3(5.D
Deformed capillaries[n(%) ] 0.909

<10% 16(16.8) 11(21.2)

10%-30% 24(25.3) 12(23.1)

>30%—-60% 21(22.1) 10€19.2)

>60% 34(35.8) 19(36.5)
RBC aggregation[n(%) ] 0.180

None 16(16.8) 7(13.5)

Mild 51(53.7) 24(46.2)

Moderate 20€21.1) 10€19.2)

Severe 8(8.4) 11(21.2)
Exudation[n(%) ] 0.504

None 58(61.1) 27(51.9)

+ 24(25.3) 14(26.9)

++ 10(10.5) 7(13.5)

+++ 3(3.2 4(7.71
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Variable CTD-nonPAH(n=95) CTD-PAH (n=52) P

Haemorrhages[n(%) ] 0.200

None 52(54.7) 27(51.9)

1-2 loops/nailfold 33(34.7) 15(28.8)

3-6 loops/nailfold 9(9.5) 6(11.5)

=7 loops/nailfold 1C1.1) 4(7.8)
Subpapillary venous plexus visibility[n(%) ] 0.593

Not visible 64(67.4) 35(67.3)

1 row visible 17(17.9) 8(15.4)

2 row visible 10€10.5) 8(15.4)

>2 rows, dilated 4(4.2) 1(1.9
Morphology score[ M(Pass Py;) ] 2.00(1.15,5.05) 2.70(1.15,5.50) 0.331
Flow pattern score[ M(Pass Pys) ] 0.60€0.20,2.60) 0.80€0.20,2.60) 0.390
Pericapillary score[ M(Pas, Pss) ] 1.90€0.40,2.80) 2.400.80,3.92) 0.039
Semi-quantitative assessment[ n(%) ] 0.762

Normal 7(7.4) 3(5.8)

Essentially normal 9(9.5) 3(5.8)

Mild abnormal 27(28.4) 12(23.1)

Major abnormal 26(27.4) 15(28.8)

Severe abnormal 26(27.4) 19(36.5)

CTD: connective tissue disease; SLE: systemic lupus erythematosus; SS: Sjogren’ s syndrome; SSc: systemic sclerosis; RA: rheumatoid arthritis;

OCTD: undifferentiated connective tissue disease; MCTD: mixed connective tissue disense; PVR: pulmonary vascular resistance; CO: cardiac output; Cl:

cardiac index; mRAP: mean right atrial pressure; SvO,: venous oxyhaemoglobin saturation; RBC aggregation: red blood cell aggregation.

x2 Logistic [A] JEESR iy

CTD BEX4L PAHBKREZE

Table 2 Logistic regression analysis of risk factors for the development of PAH in patients with CTD

Variable B OR 95%C1 P
Disease type (SSc/MCTD) 0.883 2.419 0.880-6.646 0.087
Capillary loop length(per 50 wm increase) 0.006 1.300 1.100-1.500 0.005
Pericapillary score 0.237 1.268 1.025-1.568 0.029

(K 3). P46 %] 1% % (median absolute deviation,
MAD)=0.027, 4 77 i% 2 (mean square error, MSE) =
0.00109. FHE HI 2R} 230 1, i WAL T CTD A2t
R PAH 5 SERR A AR RS — SRR

2.4
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HR A 2021 4 “ v [H i 3 ik & Hs 12 W 5 18 97 45
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B e 4 & 69 PAH % F 2500 30 69 16 R
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0
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5 100 150 | 200 (250 300 350 400 450 500 (550 600 630
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0 1 2 3 4 5 6 7 8 9 10
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0 20 40 60 30 100 120 140 160 180 200
Linear predictor T T T T T T T T T T T T 1
-25-20-15-10-05 0 05 10 15 20 25 30 35

Predicted value T T

0.1 0.2
1
Figure 1

0.3 04 0.5 06 0.7 0.8
Nomogram #32 CTD £& &4 PAH X & Fi i 4E 5

Nomogram for predicting the risk of PAH development in patients with connective tissue disease
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Table 3 Capillaroscopic parameters in CTD-PAH patients across various risk stratifications

Variable Low risk(n=13) Intermediate risk (n=24) High risk(n=15) P

Female[n(%) ] 13(100.0) 22(91.7) 15(100.00 0.493
Age(years,x £ 5) 493+ 155 43.5+13.8 47.0 £13.7 0.466
CTD typeln(%)] 0.681

SLE 7(53.8) 13(54.2) 7(46.7)

SS 3(23.D 5(20.8) 4(26.5)

SSe 3(23.1) 4(16.7) 1(6.7)

RA 00 00 1€6.7)

UCTD 00 1(4.3) 1€6.7)

MCTD 00 00 1(6.7)
PAH duration[ d, M(Pss, Pss) ] 134(1,494) 200,144 3(0,616) 0.678
CTD duration[d, M(Pss, Ps5) ] 25400152, 5 360) 250(0,4 260> 651(11,2786) 0.427
Capillary density[n(%) ] 0.831

1-2 loops/mm 6(46.2) 13(54.2) 100(66.6)

3-4 loops/mm 4(30.8) 5(20.8) 1(6.7)

5-6 loops/mm 2(15.4) 4(16.7) 3(20.0)

=7 loops/mm 1(7.6) 2(8.3) 1(6.7)
Arterial limb(pm, M(Pas, Pss) ] 10.0¢8.0,19.0) 9.5(7.0,19.8) 11.009.0,17.00 0.698
Venous limb[ wm, M(Pss, Pr5) ] 20.0(15.0,30.0) 13.5(11.0,29.8) 14.0(11.0,45.5) 0.485
Loop diameter[ pum, M(Pas, Pr5) ] 25.0(15.0,36.0) 16.0(10.8,39.8) 15.0(12.0,25.5) 0.609
Capillary lengthl wm, M(Pas, Prs) ] 267(249,321) 264(199,302) 253(188,358)  0.772
Crossed capillaries[ n(%) ] 0.211

<30% 9(69.2) 17(70.8) 9(60.0)

30%—-60% 00 3(12.6) 4(26.6)

>60%-80% 4(30.8) 2(8.3) 1(6.7)

>80% 0(0 2(8.3) 1€6.7)
Deformed capillaries[n(%) ] 0.806

<10% 4(30.8) 5(20.8) 2(13.3)

10%-30% 2(15.4) 5(20.8) 5(33.3)

>30%-60% 2015.4) 4(16.7) 4(26.71

>60% 5(38.5) 10(41.7) 4(26.7)
Blood flow speed (pm/h, x + ) 322 + 147 369 + 139 347 + 148 0.635
RBC aggregation[ n(%) ] 0.473

None 1(7.D 5(20.8) 3(20.00

Mild 7(53.8) 10(41.7) 6(40.0)

Moderate 4(30.8) 5(20.8) 1(6.7

Severe 1¢7.7 4(16.7) 5(33.3)
Exudation[n(%)] 0.668

None 8(61.5) 13(54.2) 6(40.0)

+ 3(23.D 7(29.2) 4(26.71

++ 2(15.4) 3(12.5) 2(13.3)

+++ 00 1(4.17 3(20.00
Haemorrhages[n(%) ] 0.550

None 1¢7.7) 2(8.3) 1(6.6)

1-2 loops/nailfold 0(0 2(8.3) 4(26.7)

3-6 loops/nailfold 4(30.8) 8(33.4) 3(20.00

=7 loops/nailfold 8(61.5) 12(50.0) 7(46.7)
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Variable Low risk(n=13) Intermediate risk (n=24) High risk(n=15) P
Subpapillary venous plexus visibility[n(%) ] 0.003
Not visible 7(53.8) 19(79.2) 9(60.0)
1 row visible 4(30.8) 4(16.7) 000)
2 row visible 2(15.4) 0(0) 6(40.0)
>2 rows, dilated 0C0) 1(4.D 000)

Morphology score[ M(Pas; Pss) ]
Flow pattern score[ M(Pass Pys) ]

Pericapillary score[ M (Pas, Pss) ] 2.00€0.80,3.20)
Semi-quantitative assessment[ n(%) ]
Normal 0O
Essentially normal 0O
Mild abnormal 4(30.8)
Major abnormal 4(30.8)
Severe abnormal 5(38.4)

2.80(1.30,5.90)
1.00€0.60,2.20)

3.60(1.60,5.32)
0.60€0.20,2.60)
2.00€0.70, 3.68)

1.60€0.75,5.90) 0.666
0.60(0.50,5.00> 0.503
2.30(1.95,5.40) 0.303

0.800
3(12.5) 00(0)

1(4.2) 2(13.3)

5(20.8) 4(26.7)

6(25.0) 3(20.0)

9(37.5) 6(40.0)

For the abbreviations, please see those in Table 1.

N fE It 7T 45 R B AT SENE , AT S A ) A B i
JEE S it o vHE A B 0 A Tt 0D A T3, I
P B B RS M SR AR AR B, T A AR T
ORI

H TR A B 10 B, ASTIE 5 P ) 2 P ot A 2
W ARAF BN IGAIE, H AT DO I R A IR TE . AR R
TRt — By KA R, TR Z LBt g, A
58 T2 PSR, 18 o 25 R d 1, SRR R W
BEMARIAE CTD-PAH TS HH R E O -

) 28 i 52 7 B -

P A e P IAEAE M 28 7 R

Conlflict of Interests:

The authors declare no competing interests.

{E& STEk A AR :

JE 5 3 57 BT A BR AT BTS20 L SR A R AR R L A i
SRR AR 8 SRS s SRR O BGE TR B A R TR AR
W LR < vk 2 M s PG B BT R R AN BT sk
56y SEHEAIT 7 of SCEE A AN P9 A I o ] s 0 47 B
P RS TSI | St T 7T  0F SCE PR R A AR AL 4
GIORIF /S &R

Author’ s Contributions:

ZHOU Zhangdi was responsible for conceiving and design-
ing the experiments, conducting the study, collecting data, ana-
lyzing and interpreting the data, and writing the manuscript;
ZHANG Yixin, DAI Jiayi, and LI Dongyu were responsible for
collecting data, analyzing and interpreting the data, and perform-
ing statistical analysis. SUN Xiaoxuan was responsible for con-
ceiving and designing the experiments, conducting the study,
and critically reviewing the intellectual content of the article.

WANG Qiang was responsible for conceiving and designing the

experiments, conducting the study, critically reviewing the intel-

lectual content of the article, and researching funding support.
[£% 3Rk ]

[1] HASSOUN P M. Pulmonary arterial hypertension [J]. N
Engl J Med, 2021, 385(25):2361-2376

[2] HUMBERT M, KOVACS G, HOEPER M M, et al. 2022
ESC/ERS Guidelines for the diagnosis and treatment of
pulmonary hypertension[J]. Eur Respir J, 2023, 61 (1) :
2200879

[3] LYNCHJP R,BELPERIO J A, SAGGAR R, et al. Pulmo-
nary hypertension complicating connective tissue dis-
ease [J]. Semin Respir Crit Care Med, 2013, 34(5): 581
599

[4] HAO Y, JIANG X,ZHOU W, et al. Connective tissue dis-
ease - associated pulmonary arterial hypertension in Chi-
nese patients[J]. Eur Respir J, 2014, 44(4):963-972

[5] SMITH V, HERRICK A L, INGEGNOLI F, et al. Standar-
disation of nailfold capillaroscopy for the assessment of
patients with Raynaud’ s phenomenon and systemic scle-
rosis[J]. Autoimmun Rev,2020, 19(3): 102458

[6] B S X Bt bt [ R GE M 2D AR 0F 7T o1
A1 b E N R G L AR S A DG Bl ik s R 12
RO PR RRE, 2015, 54(1):81-86
National Rheumatoid Disease Data Center, Chinese Col-
laborative Group for Systemic Lupus Erythematosus. Con-
sensus on diagnosis and treatment of systemic lupus ery-
thematosus - related pulmonary arterial hypertension in
Chinese adults[J]. Chinese Journal of Internal Medicine,
2015,54(1):81-86

(71 H B ARG T M IV, Jb 5t o E B 25 F



*1284- [T

VS PN

545559 1
20259 A

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Hth it 1992: 33-38

TIAN N. Clinical handbook of microcirculation examina-
tion [M]. Beijing: China Medical Science Press, 1992:
33-38

ETEHAD TAVAKOL M, FATEMI A, KARBALAIE A, et
al. Nailfold capillaroscopy in rheumatic diseases: which
parameters should be evaluated? [J]. Biomed Res Int,
2015,2015:974530

PETRI M, ORBAI A, ALARCON G S, et al. Derivation
and validation of the systemic lupus international collabo-
rating clinics classification criteria for systemic lupus ery-
thematosus [J]. Arthritis Rheum, 2012, 64 (8) : 2677-
2686

VITALI C, BOMBARDIERI S, JONSSON R, et al. Classi-
fication criteria for Sjogren” s syndrome: a revised version
of the European criteria proposed by the American-Euro-
pean Consensus Group [J]. Ann Rheum Dis, 2002, 61
(6):554-558

VAN DEN HOOGEN F, KHANNA D, FRANSEN J, et al.
2013 classification criteria for systemic sclerosis: an
American college of rheumatology/European league against
rheumatism collaborative initiative [J]. Ann Rheum Dis,
2013,72C11): 1747-1755

WARD M M. Rheumatoid arthritis: guidelines for the man-
agement of RA: breadth versus depth[J]. Nat Rev Rheu-
matol, 2009, 5(6): 302-303

ALARCON-SEGOVIA D. Mixed connective tissue disease
and overlap syndromes[J]. Clin Dermatol, 1994, 12(2):
309-316

TANAKA Y, KUWANA M, FUJII T, et al. 2019 Diagnos-
tic criteria for mixed connective tissue disease (MCTD) :
From the Japan research committee of the ministry of
health, labor, and welfare for systemic autoimmune diseas-
es[J]. Mod Rheumatol, 2021, 31(1):29-33

SMITH V, VANHAECKE A, HERRICK A L, et al. Fast
track algorithm: How to differentiate a “Scleroderma pat-
tern” from a “non-Scleroderma pattern” [J]. Autoimmun
Rev, 2019, 18(11):102394

WROCHER R OBR BE M SE. HURE BN L BAR HEAL R
Al 7 S FAE IR AE B BRI FEERELT 1. v X
%4k &, 2021, 25(7): 490-493

YE W J, CHEN C, XUE Y, et al. Standardized assessment
of nailfold capillaroscopy and its research progress in
rheumatic diseases[J]. Chinese Journal of Rheumatology,
2021,25(7):490-493

th R IR S o WP IR o o S il 2 5 il L < AL R
e B Tl o P B 2 7 2 it e 265 i L A5 A 2% 57
o, [ fili ke 2 K5 il 10 A0 B R DML, 5. b 3
Wik = 12 W1 5 69T Fe (2021 O[], AR R &,

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

2021, 101C1: 11-51

Chinese Thoracic Society, Pulmonary Embolism and Pul-
monary Vascular Disease Group; Chinese Medical Doctor
Association, Pulmonary Embolism and Pulmonary Vascu-
lar Disease Committee; National Pulmonary Embolism
and Pulmonary Vascular Disease Prevention and Treat-
ment Collaboration Group, et al. Chinese guidelines for
the diagnosis and treatment of pulmonary arterial hyper-
tension (2021 Edition) [J]. Chinese Medical Journal,
2021, 101C1): 11-51

PONTES-SILVA A. Standardised mathematical model for
experimental studies in rheumatic diseases and musculo-
skeletal disorders: Suggestion to the European Alliance of
Associations for Rheumatology (EULAR) and the Ameri-
can College of Rheumatology (ACR) [J]. Autoimmun
Rev,2022,21(10): 103163

BELLANDO-RANDONE S, DEL GALDO F, LEPRI G, et
al. Progression of patients with Raynaud’ s phenomenon
to systemic sclerosis: a five-year analysis of the European
Scleroderma Trial and Research group multicentre, longi-
tudinal registry study for Very Early Diagnosis of System-
ic Sclerosis (VEDOSS) [J]. Lancet Rheumatol, 2021, 3
(12):e834-e843

HOFSTEE H M A, VONK NOORDEGRAAF A,
VOSKUYL A E, et al. Nailfold capillary density is associ-
ated with the presence and severity of pulmonary arterial
hypertension in systemic sclerosis [J]. Ann Rheum Dis,
2009, 68(2>:191-195

TODOROKI Y, KUBO S, NAKANO K, et al. Nailfold mi-
crovascular abnormalities are associated with a higher
prevalence of pulmonary arterial hypertension in patients
with MCTD [J]. Rheumatology (Oxford) , 2022, 61(12) :
4875-4884

DE ANGELIS R, RICCIERI V, CIPOLLETTA E, et al. Sig-
nificant nailfold capillary loss and late capillaroscopic pat-
tern are associated with pulmonary arterial hypertension
in systemic sclerosis [J]. Rheumatology (Oxford) , 2024,
63(6):1616-1623

CUTOLO M, MELSENS K, WIJNANT S, et al. Nailfold
capillaroscopy in systemic lupus erythematosus: a system-
atic review and critical appraisal [J]. Autoimmun Reyv,
2018, 17(4):344-352

SMITS A J, ISEBIA K, COMBEE-DUFFY C, et al. Low
nailfold capillary density in patients with pulmonary arte-
rial hypertension and chronic thromboembolic pulmonary
hypertension: biomarker of clinical outcome? [J]. Sci
Rep,2024, 14(1): 19467

BAROUTIDOU A, ARVANITAKI A, PAGKOPOULOU E,

et al. Nailfold videocapillaroscopy as a non-invasive tool



45 BE W SR, SRR, WEEEE, S, ST HBERUIE P RS (1L (¥ 45 4 20 S5 R Il I v L RS DE A A FE LD .

20259 A

M ERR2E W CH R R , 2025, 45(9): 1276-1285

*1285-

[26]

[27]

for the assessment of peripheral microangiopathy in car-
diovascular diseases[J]. ] Hypertens,2025,43(1):48-65
VOS J L, LEMMERS J M J, EL MESSAOUDI S, et al.
Peripheral microvascular function is linked to cardiac
involvement on cardiovascular magnetic resonance in sys-
temic sclerosis-related pulmonary arterial hypertension[J].
Eur Heart J Cardiovasc Imaging, 2024, 25(5):708-717
zZ BE 5 E RS WEMIEH R R
CT AR R85 it 3l K o S F 0 LD 0. o 27 2
#£,2019,29(03):21-25

JIANG B, XU X, WANG G, et al. Predictive value of nail-

fold capillaroscopy for pulmonary arterial hypertension in

[28]

[29]

patients with systemic lupus erythematosus[J]. Journal of
Microcirculation, 2019,29(3):21-25
KINTRUP S, LISTKIEWICZ L, ARNEMANN P, et al.
Nailfold videocapillaroscopy - a novel method for the as-
sessment of hemodynamic incoherence on the ICU [Jl.
Crit Care,2024,28(1):400
HWANG J K, MILLER R C, LIPNER S R. Nailfold capil-
laroscopy for diagnosis of onychodystrophies: a prospec-
tive cross-sectional study[J]. ] Am Acad Dermatol, 2025,
92(1):51-57

[k BH#A] 2024-11-20

(AR Hw4E: BES)

L S i e S i S e S e e S e e S T A

(EE% 1266 )

[51]

[52]

[53]

[54]

(3):422-435

CAO L L, RUIZ BUENDIA G A, FOURNIER N, et al.
Resistance mechanism to Notch inhibition and combina-
tion therapy in human T-cell acute lymphoblastic leuke-
mialJ]. Blood Adv,2023,7(20): 6240-6252

AGNUSDEI V,MINUZZO S, PINAZZA M, et al. Dissecting
molecular mechanisms of resistance to NOTCH 1 -targeted
therapy in T-cell acute lymphoblastic leukemia xeno-
grafts[J]. Haematologica, 2020, 105(5):1317-1328
FRANCIOSA G, SMITS J G A, MINUZZO S, et al. Pro-
teomics of resistance to Notchl inhibition in acute
lymphoblastic leukemia reveals targetable kinase signa-
tures[ J 1. Nat Commun, 2021, 12(1):2507

ANAND P, GUILLAUMET-ADKINS A, DIMITROVA V,
et al. Single-cell RNA-seq reveals developmental plasticity
with coexisting oncogenic states and immune evasion
programs in ETP-ALLLJ]. Blood, 2021, 137(18) : 2463
2480

[55]

[56]

[57]

[58]

PATEL S K, ZHDANOVSKAYA N, SERGIO 1, et al.
Thymic-epithelial-cell-dependent microenvironment in-
fluences proliferation and apoptosis of leukemic cells[J].
Int J Mol Sci, 2024,25(3): 1412
JIA R N, SUN T, ZHAO X, et al. DEX-induced SREBF1
promotes BMSCs differentiation into adipocytes to attract
and protect residual T-cell acute lymphoblastic leukemia
cells after chemotherapy[J]. Adv Sci (Weinh), 2023, 10
(19):e2205854
XU J, CHEN C Y, SUSSMAN J H, et al. A multiomic
atlas identifies a treatment-resistant, bone marrow progen-
itor-like cell population in T cell acute lymphoblastic
leukemial J]. Nat Cancer,2025,6(1):102-122
XU X, ZHANG W W, XUAN L, et al. PD-1 signalling
defines and protects leukaemic stem cells from T cell
receptor-induced cell death in T cell acute lymphoblastic
leukaemial J 1. Nat Cell Biol, 2023,25(1): 170182
[WHs BT 2025-04-23
(RXHRIE: % FD



