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[ Abstract | Objective: To characterize the biological properties of double-negative T
(DNT) cells isolated from leukoreduction filter residues. Methods: Leukoreduction
filters containing residues from 400 mL whole blood units (n=6) were collected from a blood
center. Filters were back-flushed with normal saline, and the eluate was concentrated to
obtain leukoreduction filter residues. Leukocytes in the residues were counted by dual-
fluorescence staining. DNT cells were then isolated from the residues using antibody-
mediated adsorption and density gradient centrifugation. Both cryopreserved-thawed
and non-cryopreserved DNT cells derived from the residues were subjected to in wvitro
culture. Cells were assessed for expansion fold, viability, immunophenotype, differentiation
status, and cytotoxicity against target cells using dual-fluorescence staining and flow
cytometry, with comparisons made to DNT cells derived from whole blood. Results: The
leukocyte recovery rate achieved through reverse flushing of the leukocyte reduction
filter was (41.9+14.7)% . Compared to whole blood, the DNT cells starting material
obtained from filter residues showed no significant difference in total T-cells content (P>
0.05). However, the viability and purity of the resulting DNT cells starting materials were
significantly lower (both P<0.05). After 17 days of culture, DNT cells from filter residues
and whole blood showed no significant differences in expansion fold, immunophenotype,
differentiation status, or cytotoxicity toward target cells (all P>0.05). However, the
viability of DNT cells from residues was significantly lower than that of whole blood-
derived DNT cells [(86.0+4.2)% vs. (92.2+1.2)%, P<0.05]. After thawing (post 3 or 15 days
of cryopreservation) and 17 days of culture, DNT cell starting materials from residues
showed comparable immunophenotype, expansion fold, and differentiation status to their
non-cryopreserved counterparts from the same source (all P>0.05). However, the viability
of the 3-day cryopreservation recovery group [92.4% (91.8%, 92.8%) vs. 87.8% (82.0%,
89.0%)] and the cytotoxicity against target cells of the 15-day cryopreservation recovery
eroup [91.3% (89.4%, 95.1%) vs. 70.9% (67.3%, 80.2%)] were both significantly
higher than those of non-cryopreserved DNT cells (all P<0.05). Conclusions: DNT
cells derived from leukoreduction filter residues exhibited highly comparable characteristics
to those from whole blood in terms of expansion, purity, differentiation, and biological

potency. Furthermore, their biological activity post-cryopreservation and revival remained
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largely similar to non-cryopreserved cells. These findings suggest that leukoreduction
filter residues represent a promising alternative source of starting material for manufacturing

off-the-shelf, allogeneic DNT cell therapeutics.

[ Key words] Double negative T cells; Leukoreduction filter residues; Leukocyte

reduction filter; Cell culture; Cell activity; Cell eryopreserving
[J Zhejiang Univ (Med Sci), 2026, 55(2): 145-153.]

[ G5B8iE ] ST 28 B (double negative T cell, DNT 28 it ) ; 4 4L & (cluster of
differentiation , CD ) ; £ %428 2248 5P £ 44K (major histocompatibility complex, MHC) ;
» vZ # (acridine orange, AO) ; #4L % %€ (propidium iodide, P1) ; 3 22 %& & (phyco-
erythrin, PE); A #E % &G (allophycocyanin , APC) ; ¥ #L &L B2 3% 58 & (fluorescein

isothiocyanate , FITC ) BB 3 22 iR ( phosphate buffered solution, PBS)
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PERE 56, FF & 1E 25 40 A0 19 28 & D 35 B0+ 1fE 22
(x4s) T s RF A IER I AFEREAS ARyl
R A BRAR Ol A8 i, DA A7 B (R 4
BOM(Q,, Q) 1. WAL LT, 25 o
SRR TR 2255 R ST FEA K 36 5 25 1F
BAAETT 22455 SR H Welch’s e K. A4
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2.2 DNT 4 s ph ek At it 2R 750 FLAE 1
54 b, U8 1 5R B )R U DNT 24 i i
POBLE T 40 & 12 22 7 Rt 2 L (P>0.05) ,
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Table 1 Comparison of phenotype and viability of unstimu-

lated DNT cells starting materials from different
sources

(%, x+s,n=6)

. T DNT4 DNT# d
DNT 41 ok 5 P £ g@ i f;j@ ﬁﬂ}g@ﬁc
41l 7.5+3.6 99.6+0.3 96.6+0.5
UE 15k B ) 6.1+2.0 93.3+4.1 95.0+0.7
LR (] 0.83 3.75 4.60
PiE >0.05 <0.05 <0.01

"CD3* 4 H bRtk A b 5 He;*CD3*CD4~ CD8~ 4 i 7E
CD3* T 5 B . DNT 20 XU T 40 .

2.3 PRANYHE IS DNT 406 A 427 16 A 445

ZARINE SR 1T d )5, U8 1 ER R S 4 i ok R
DNT 475 S T 4 M55 5 (DNT 40265 . DNT 48
JL P B % B A Bk I A0 i R A R 2 S e gt
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A o ELE R B A T A R e AR
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AN T 4 B LG T 2 A B (38 P>0.05) , L3R 2,
DNT 4 g Ji A4 B8 1 40 B (48 fg 1242 T 28
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Y15 4 MR UE DNT 40 L 7E RSN 14 5 1 B A5 45
A BEAETE R R T SHAR S i DNT 44l B DL KA
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Table 2 Biological characteristics of DNT cells from different sources after in vitro expansion

(ks B M(Q,, Q) ,n=6]
DNTHIMOKTE B TSR (%)  DNTAIMZEE (%)  DNTAIMETAEZR(%)  DNT AN B4 B AN AR A AT 2 (%)

£ 96.6+2.3 95.2(91.9, 97.6) 92.2+1.2 18 202(15 116,32 655) 69.128.1

IEEER Y 94.743.5 95.8(91.0, 97.4) 86.0+4.2 14 535(6653,25 004) 71.8+8.0

K 9608 1.16 16.00 3.51 12.00 0.58

PAH >0.05 >0.05 <0.05 >0.05 >0.05
DNTHfERIE  TA4HMICIZ T AR A (%) TPoRSIC IS T 20 1 (%) BOSCAZ T A 5 e (%) BN T A0 5 B (%)

4x1fiL 14.6(8.0,19.6) 9.7(2.0,10.2) 39.4(38.5,59.0) 31.3(31.0,36.7)

WEHER Y 28.0(20.2,33.0) 16.3(13.3,22.1) 19.8(17.1,37.7) 31.6(19.2,36.0)

A 3.00 2.00 3.00 8.00

PE >0.05 >0.05 >0.05 >0.05

"CD3 YHMIAE H AR E 41 b 5 F s *CD3*CD4~CDS ™ 40 i AE CD3* T b (5 Eb . DNT 48 Jifd . SR T 40 i .

S50 (88.642.2)%F1(83.145.1)%, P>0.05] .,  MuAMi,

OSSR 17 d e ORAE 2 0 A S B G SR L B T 3 W B

Y i 5 DNT 20 fo 205 A DNT 40 i 34 £ 5 2

SIS () P>0.05) ; RAE 3 d IR H AT, SR AL i K 42 18 S & A KRR
DNT 2 M A7 1% 5 T 55 92 41 (P<0.05) s R A PEARMEAY 2 1 4 Mo JB 8 0 B Y7 IR 7 Ab B
15 d &2 7541 DNT 40 % SR 40 f 25 0 o s T lef SR I8 AR B W 30 hs R —Fhfae a9 B H
R4 (P<0.01) . FEAUMI LT 1, RAF B 9 AR SEB ML E B e e di ok IR . 8 A 58
5 B R AR SNGE IR IE T ARMICAC TAiM rf AR 0 R M E 2 AR RO T, R
WAL T ANM RO IC 2 T A0 MO A0, T AR 7 MO & IR uE B gk B 9 4 HH T4 a7
b2 TGI8 L (¥ P>0.05) . W3, L ZaWigr=l b A=, v L5 40 AR i v g, 2
W IRPER IR R B YRR URAE R 03X Sa e A EEE IR E M S . B XS N A
DNT 2 i JFbA R A A R B A 2 il v R AR 20 AT i DR AR 3 T 4 o i 2 A v B il I
(%) DNT 28 ff S AR HEE 22 A B iy i 3, anxt ¥ de PRARSE R R, AT SR AR FE0E 11 5% B3 ) P g 2 vy 2

K3 UEAFREYRIE DNT 40 M ORI T S 55 0T 97 i R MO LR ) 2 A LU
Table 3 Biological characteristics of cryopreserved-thawed vs. non-cryopreserved DNT cells from leukoreduction filter
residues after in vitro culture

(M(Q,,0Q,)]

41 n BTHM SR (%) DNTAIMAIRE " (%) DNTAIMAAESR(%)  DNTHIMY BIREE B4R (%)
Bt gl 6 954(91.4,97.4)  95.8(91.0,97.4) 87.8(82.0,89.0) 14 535(6653,25004)  70.9(67.3,80.2)
HAE3AEHH 3 97.2(93.8,98.1) 96.0(95.7,96.2) 92.4(91.8,92.8)"  31313(21 868,33 620) 85.2(79.3,85.4)
HIEISdETE 3 958(904,96.0)  97.2(95.1,97.5) 90.0(88.6,92.8) 19 824(6339,71300)  91.3(89.4,95.1)

Kbl — 1.31 0.44 7.05 2.90 14.78
PAE — >0.05 >0.05 <0.05 >0.05 <0.01

4 5l n UGS TR & (%) PAKICIC TR & (%) ZORCIC TAAE & e (%) 200 T 205 E (%)
B IR AL 6 28.0(20.2,33.0) 16.3(13.3,22.1) 19.8(17.1,37.7) 31.6(19.2,36.0)
HAF3dETA 3 22.4(4.6,28.3) 28.4(9.3,28.6) 28.5(27.9,61.7) 14.6(5.3,40.3)
B 1S dEZT4 3 8.7(8.3,13.9) 20.0(19.2,26.3) 54.4(48.1,54.9) 16.3(11.0,18.8)
L A (ER — 3.31 0.67 2.89 3.08
P1E — >0.05 >0.05 >0.05 >0.05

— OB . SR IR FL RS, TP<0.05, " P<0.01. *CD3 A L AE H AR IR L 4B 5 H s 2CD3*CD4~CD8 ~ 4 ifi 7 CD3* T 4t Jif rp
i He . DNT 4 WA T 4n i
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