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[ Abstract] Objective To compare the differentiation efficiency of human induced pluripotent stem cell
(hiPSC) -derived retinal pigment epithelium ( RPE) cells using the Nuwacell® RPE kit and nicotinamide ( NIC)-
based differentiation methods. Methods Normal hiPSC lines and hiPSC lines from peripheral blood of two Bietti
crystalline corneoretinal dystrophy (BCD) patients with CYP4V2 gene mutation at passages 16-18, were cultured for 4
days,and were induced into Nuwacell-RPE and NIC-RPE cells using the kit-based differentiation method and the NIC
differentiation method, respectively. The percentage of pigmented cells or pigment foci areas formed at 3,4, and 5
weeks after induction was observed and quantified under a light microscope. The cellular pigmentation level was
measured by spectrophotometry. The expression of maturation markers in RPE cells was detected by real-time
quantitative PCR and immunofluorescence staining. Cell polarity structures were examined by transmission electron

microscopy. The induced RPE cells were co-cultured with porcine photoreceptor outer segments for 48 hours, and the
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number of rhodopsin ( RHO )-labeled POS phagocytosed was quantified by immunofluorescence staining.
Transepithelial electrical resistance was measured to evaluate the barrier function of the cells. According to the
approval of the Ethics Committee of the First Affiliated Hospital of Army Medical University of China ( No. [ A ]
KY2023007) ,and peripheral blood from two BCD patients with CYP4V2 gene mutation was collected with written
informed consent.  Results The Nuwacell method formed pigmented cells at 3 weeks, with (54.513+5.795)%
pigmentation at 5 weeks, while the NIC method formed pigment spots at 4 weeks, with (26.037 + 8.489)%
pigmentation at 5 weeks,with a statistically significant difference (P<0.005). After 30 days, both methods produced
hexagonal RPE structures, with pigmentation levels of (40.060+4.076) and (57.292+2.588) pg/cell, respectively,
and the difference was statistically significant ( P <0.001). PCR and immunofluorescence staining showed that
increased expression of maturation marker genes RPE65,BEST1 ,and CRALBP induced by the two methods. NIC-RPE
cells phagocytosed more RHO-labeled outer segments than Nuwacell-RPE , showing a statistically significant difference
(t=2.920,P=0.043). After 4 weeks of culture in Transwell chambers, the transepithelial electrical resistance of
NIC-RPE was higher than Nuwacell-RPE cells, demonstrating a statistically significant difference ( P<0.05). After
continuous passage for 4 generations, Nuwacell-RPE partially lost its original cellular characteristics, including loss of
pigmentation , irregular shape and loss of RPE marker expression,while NIC-RPE maintained its original morphologic
features.

Conclusions The Nuwacell kit method has higher differentiation efficiency and RPE cell yield than the

NIC-directed differentiation method,and cell maturity, phagocytosis, and barrier functions are inferior to those of the

NIC-directed differentiation method.
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B35 % 278 1 (zonula occludens, 20) -1 £ 73 f& P ik
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Figure 1 Schematic diagram of two differentiations method hiPSC: human induced pluripotent

stem cells ; KOSR : KnockOut serum replacement ; RPE : retinal pigment epithelium ; NIC ; nicotinamide
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Table 1 Primer sequence of target genes

A 195 (5'-3")
0CT4 i [ : CCTCACTTCACTGCACTGTA
21 : CAGGTTTTCTTTCCCTAGCT
S0x2 iF ] : CCCAGCAGACTTCACATGT
JZ I : CCTCCCATTTCCCTCGTTTT
RPE6S iF 1] : CAAGGCTGACACAGGCAAGA
J% 1] : TTGACGAGGCCCTGAAAAGA
BESTI iE il : CATGAGCTGGACCTCGTTGT
JZ 1] : CCAACAGGGACACCTGCAAA
CRALBP 1E 1] : GCTGCTGGAGAATGAGGAAA
I : GGCTGGTGGATGAAGTGGAT
GAPDH iF ] : GTGGACCTGACCTGCCGTCT

J2 1] : GGAGGAGTGGGTGTCGCTGT

TE: OCT4 )\ IRZE & 17 5% I ; SOX2: SRY #H5¢ HMG & ; RPE6S: 4
FF 52K A s BEST 2 3028 11 15 CRALBP , 41} B P 4 4 2 11
GAPDH ; 3- R H i 188 I3t 0 ity

Note: OCT4; octamer-binding transcription factor 4; SOX2: SRY -related
HMG box 2; RPEG6S5: retinoid isomerohydrolase; BEST1: bestrophin-1;
CRALBP ; cellular retinaldehyde binding protein; GAPDH : glyceraldehyde-3-
phosphate dehydrogenase
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(trans-epithelium electrical resistant, TER) ., % 2H HUJH]
—Jr I E M 3 W, PO EE . DS = F R
ff) Transwell /N5 i) TER /5 Jy 25 (4% 8, TER = (5L 5
20 TER - %5 (441 TER) x0.33, TER ¥4 K Q + em”,
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Figure 2  Typical cell morphology and pigmented area formation rate of two differentiation
methods at 3 and 4 weeks of induction ( X5,scale bar=100 wm) A:Immature RPE cells ( white
circles) were visible by the Nuwacell kit differentiation method at 3 weeks of induction, and mixed cells
(red arrows) were scattered in clusters. At 4 weeks of induction, empty areas (blue arrows) formed after
mixed cell detachment were visible. After 3 weeks of induction with the NIC differentiation method, no
pigmented foci were formed ,only scattered clusters of mixed cells (red arrows) were present. Pigmented
foci were formed up to 4 weeks of induction ( white triangles) . The white box was a local magnified view
of the dotted box ( scale bar =20 wm)  B: Comparison of pigmented area ratios between the two
differentiation methods at different induction time points F=43.227,P<0. 05. Compared with Nuwacell
kit differentiation method at corresponding time points,“P <0.001 ( Two-way ANOVA, LSD-¢ test;n =

(22.290+10. 670) % Fil ( 26. 037 +

8.489) % (I 2) . W52 4.5 W4 A 5 k4L
ER X ARG S R ZRASI 28 L
(F 5 =43.227,P<0.005) ; 538 5 £ 40 1L v He B, NIC
SE 119 3 A 45 5 3 I 1) A 8 3R DX del i AR B 3 )
BEAR, 257 A gt A B (3 P<0.05) (E 2) .
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I 1] A5 NIC & ) 43 v 20 i € 3R % = 00 7370
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2.2.2 RPE i sl SRR LA Ll 506
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v BESTI .RPE65 .CRALBP ,0CT4 1 SOX2 ¥ mRNA
AER AR BR LA 2E e A et i L (F=27.792,
56.334 46.397 .189. 032 .39. 162, P<0.01) ; i 5

3)  NIC:nicotinamide

Nuwacell-RPE NIC-RPE

Lik7)

20 i

B3 AFZEMETUAR2FHSHLFRIESH RPE P3 ﬂ‘.iﬁ% 14
AHE B (x40, 48R =20 pm) B FIAE 22 B R 8o 2 ﬁﬁﬂ’;ﬁ%
USRI RPE 40 g 14 52 80 22 300 T8 8 910 41 K, 20 M P 35 A Kk (8 R
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Figure 3 Images of RPE P3 generation induced by two
differentiation methods observed by light microscopy after one
month of culture ( x 40, scale bar = 20 pm ) Bright-field and
differential interference contrast images showed that RPE cells derived
from both differentiation methods exhibited typical polygonal cobblestone-
like morphology with abundant pigment granules in the cytoplasm RPE:
retinal pigment epithelium ; NIC : nicotinamide

hiPSC #] L, Nuwacell-RPE FI NIC-RPE £ fi 4 5t [H
OCT4 SOX2FIKPT I, 2257 ¥ A Gt # R L ($P<
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ity 2 (DI O i Ghi 0 B G e Figure 4 Immunofluorescence staining images of RPE-specific

from two differentiation methods at different culture protein markers in cells induced by two differentiation methods

time points (;:s,pg/cell) (%500, scale bar=50 pm) RPE cells induced by both differentiation
e 5 O [ B ) €0, 25 5 methods exhibited high expression of ZO-1 (red fluorescence) , localized
21 51 A to the tight junction regions of the cell membrane, while CRALBP and
4 30d RPE65 were highly expressed in the cytoplasm ( green fluorescence)
K &k 3 8.008=+1.448 40. 060+4. 076 70-1;zonula occludens-1; RPE65 ; retinoid isomerohydrolase; CRALBP :
NIC %€ [0] 531k 3% 3 8.717+2.173" 57.292+2.588" cellular retinaldehyde-binding protein ; NIC : nicotinamide

T Fy gy =32. 053, P<0. 001 ; F,yp, = 647. 356, P<0. 001. 5 4 o7 15 8] 5

B0 G ATk L ER L " P<0. 001 (W B R J5 22 4347, LSD- K 45 )  RPE: RPE % RHO P POS 0 ¥ 2 4 Bl H 151. 67
R (5 2% - g 200 5 NIC : K e o P 1 Hy 2Bk 5335 Oy 15167

Note: F,.,, = 32.053, P<0.001; F,,. = 647.356, P<0.001. Compared 33.53 M1 247.33+45.79, 2R B H T ¥ B X (t =

with Nuwacell kit differentiation method at corresponding time points, P < 2.920,P=0.043)([® 6),
1(\)1.12(?;2;::,::;1 ANOVA,LSD-t test) RPE: retinal pigment epithelium; o FAMETE g TER B K B 5 5 57 i 1 4 it
Pho 2 R EIETE T 10 RPE Bigf 1~4 Ji 9 TER B &
2.3.2 RPE AUIBAEMINAE S REIIAE  BORFHIE  HAE A Bl 1 X (Fyy = 73,013, P<0.001;
REDMBERAE R B8 RPE 4 AR POS SEfL Fypy = 2 428.425, P<0.001 ) 5 A il 5l & 0 1R 35 5
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Table 3 Comparison of the relative mRNA expression levels of pluripotency genes and RPE 3.4 JA I, NIC & i o A6 ik
marker genes in hiPSCs and RPE cells derived from two differentiation methods (xzs) 1%‘% RPE 4 i B9 TER &
‘ \ % FIOFE R mRNA X 26 1 i & TN &k 2 5
20 Jfy 28 7Y FEA 4 o
BESTI RPEGS CRALBP 0CT4 S0x2 WESiT2E L (Y P<
Nuwacell-RPE 3 0.758x0.063  0.568x0.131 0.536x0.078 0.026+0.004° 0.027£0.001' (. 05) (K 4) .
NIC-RPE 3 0.896+0.267 0.741+0.082 0.774+0.156 0.017+0.010" 0.054+0.003"
. 2.4 %41k RPE 4i s 4%
hiPSC 3 0.001+0.000 0.002+0.000 0.003+0.000 1.575+0.195 1.395+0.375 "
F A 27.792 56.334 46.397 189. 032 39.162 ‘ré’ﬁ #F
P (i 0.003 0. 001 0. 002 <0. 001 <0. 001 ¥ %44 RPE 4 iy i%
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B U254 ¥ B T 5 SOX2:SRY 4% HMC fi RPE 4 J )Y 25 1 1. 22 1€,
Note : Compared with hiPSC,*P<0. 05 (One-way ANOVA,LSD-t test) RPE:retinal pigment epithelium; hiPSC:  FB43 40 Mg 25 S A H1 0] K 45
human induced pluripotent stem cell; NIC : nicotinamide ; BEST1 ; bestrophin-1; RPE6S5; retinoid isomerohydrolase; ., N b
Z, 3 Z
CRALBP ; cellular retinaldehyde-binding protein; OCT4: octamer-binding transcription factor 4; SOX2: SRY -related ﬂ:/ ’ %iﬁﬁ Bﬁgjﬂﬂ;%%
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Figure 5 Ultrastructural characteristics of differentiated RPE
observed by transmission electron microscopy ( x4 000, scale bar =
2 pum)
polarized monolayer structures on Transwell membranes. Pigmented

RPE cells induced by both differentiation protocols formed

granules ( MG ) and apical microvilli ( AM ) localized at the apical
cytoplasm , basally positioned nuclei (N), basement membrane ( BM) ,
and tight junctions ( TJ) between adjacent cells were seen. Asterisks
denoted microvilli, and arrows indicated gap junctions NIC:

Nicotinamide ; RPE ; Retinal pigment epithelial
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Figure 6 Comparison of phagocytic function of RPE cells from two differentiation methods

A : Confocal microscopy Z-axis orthogonal view (X500, scale bar =20 pm)  Phagocytosed POS were
localized within the cells, with a higher amount of POS fluorescence labeling in NIC-RPE compared to
Nuwacell-RPE. Green fluorescence represented POS ( white arrows) labeled with RHO, and red
fluorescence indicated ZO-1 protein B :Comparison of the number of POS phagocytosed by RPE cells in
RPE:

retinal pigment epithelium; NIC: nicotinamide; ZO-1: zonula occludens-1; RHO: rhodopsin; POS:

the two groups Compared with Nuwacell-RPE,"P<0.05 ( Independent samples t-test,n=3)
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Table 4 Comparison of TER between RPE from two differentiation methods at
different culture time points (x+s,Q - cm’)

By FRA Al 8] 45 TER

51 HEA R

1A
R & o ik 3 26.447+2.731
NIC 5 ] 50k B3 3 27.377+2.535  54.220+1.771  116.907+6.736" 281.320+3.037"
T Fypy =73.013,P<0.001; Fyypy =2 428.425,P<0. 001, 5 Af R I ) 5 8 7 &0 40 4k 3 1 %%, P<

0.05( PR R J5 22404, LSD- K4 )  RPE . g W €4 5 b R s TER : 5 _F B At B 5 NIC .« 08 B3 e
Note: ¥, = 73.013, P <0.001; F, = 2428.425, P <0.001. Compared with the Nuwacell kit

RPE:

2 )4
47.987x4.024

3 4
102.547+8.356 231.440+7.201

differentiation method at the corresponding time points,*P<0.05 ( Two-way ANOVA, LSD-¢ test)

retinal pigment epithelium; TER : trans-epithelial electrical resistance ; NIC ; nicotinamide
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Figure 7 Morphology and expression of RPE marker proteins in RPE cells at passage 4 derived
from two differentiation methods observed by immunofluorescence staining ( x 50, scale bar =
200 pm)

lacked pigment secretion. In contrast, NIC-RPE exhibited a uniform polygonal cobblestone morphology

A Under the light microscope, Nuwacell-RPE had mixed cells in irregular shape, which

with abundant pigment granules in the cytoplasm B :Immunofluorescence images showed that Nuwacell-
RPE expressed normal membrane-localized ZO-1 (red fluorescence) with irregular morphology and lack
of RPE65 expression ( green fluorescence ). In contrast, NIC-RPE uniformly expressed both ZO-1 and

RPE65  The white solid boxes indicated magnified regions ( X 500, scale bar = 20 pm) NIC .

nicotinamide; RPE: retinal pigment epithelium; ZO-1: zonula occludens-1; RPE65: retinoid

isomerohydrolase

2 5 40 M 2 0 5 . Nuwacell 325 £

SCRERIZ AR M A Y B-27 AP TR

i) RPE 4 i 7E 4" 3 & P4 A H
IH % 200 M VR % 5 T NIC 43 Ak 5 35
S RPE 4l i 76 1% 2 P4 Q)51
PRIFE & 1 7] 5T 1, AT 35
FR W — RIS E M
XFP 2SS ATREE T 2 A
S 2 oy Ak SR s 1) 20 1t 24k 5 =X
Bifs S I 393 2 A i ) 39 B AR R
[, Nuwacell 2 7] & ¥ il & F 43
fl i A 0 b o L 5 AT R A
e (USRI R E YO0
HE T A A T TE i e 4
e 5 RPE 21 Jid i) 25 BF ) 22 55 52
AN Lk . A BT o R, 2
RPE 73k A4 3 1 BT 1 2T 4t 20
it 5[] 70 05 U5 M 2% 40 il 5 RPE
28 L AT R AL Y ik 5T B, B
2l SR FH T A vk i, 4l Ak ALK
37.44% ") 3% a4k Iy X 2% 4
fL s B AE R A R, AR AR R
RPE 4l Jfg 35 5 7 %5, w] A 6
A R AR R SR
TR 5 R 5 3. B F
NIC 43 Ak ik 38 i N T Bk B 3 kb
1 7 3 4l Ak 40 B, OGS O R FE B
B, HLOXE T B 4R 2 0ORS 40 B R
FEOR A, {H AT 3 T 40 M e
FRAE 1) 07 3 A o, fe KRR A
iF RPE 40 iy gl iz . JLk, 2
Tt 31 R W% 1) S5 30 24 55 3 9 6
5y EA AT . Nuwacell B 55
A A B 2T 4 4 A K TR
55 il A K PR SRR A B B
B, 7 RPE 2 £5 85 57 i 1 i = 2
FRSE M 1 45 T NIC 23 4k
KRR 1E RPE 4E+§ 15 F2 B Beol A
A W HE , B-27

345 35 3 v 40 Activin A NIC 254 3F 8 3 kLR
JSC A LA 4G %) A L R, (BT RE i = Ak R R SR Y
Bt RPE 20 oy B 1 B A 45

A: R RPE 20 M 76 AR S0 34 19 52 1 2 4 8 vl 4
P AR (0 AT B . R £ BF 9 438, RPE 40 i 75 3% 2 1%
Rt g k4B bR -l s B, MM AR Wik .
ERREIE S . AR, Nuwacell i 7 &5 5

AEIE I P I RhoA 1 V53155 T F-WL2h & (1 s HF, A
M I ACEE IR 9 5% RPE 20 M b b Bz 18] 58 % 1R 19 K%
PRI R A 4 T RE R B RPE 20 4 5 4 41
R RS ETE

OISR A2 B R e #E RPE 73 3R
W B B BR o Nuwacell 105 & vk HAT @ 808 b i
T AR e 1) A0 A 3R, B R T o 1Y 25 ) O



e ST IR B 24 3k 2025 4E 5 45 43 #4555 5 ) Chin J Exp Ophthalmol , May 2025, Vol. 43 ,No. 5 . 419 -

AT KGN . HAre A W5 B Nuwacell 32 5
GMALIE R T GMP 51 59 R B 40 g 2 7> .+
FLZ T NIC 5E [ 40 fh i AR S 0R 500G, (L RB R A5
21 R A A O 5 Y RPE 40 g, 5053 1 T 00 I B 47
P I 1 PR S AR e 2 5 ML 0F 5%, 0 A 4 A G
P #BEAS P R R R 9 hiPSC 431k 9 RPE 48>,
P PR 3 3 e DU AR RPE 200 i 25 45 45 55 PR AE ,
BOF LR R LA T 52 IR AP X S At 25 b, Tl
b RPE 43 LI 7 &1 5 NIC 52 17 40 (b B 78 1 5 300%
RPE 40 g 55 P A1 20 B8 b A7 76 22 5, WF 5% & 1 AR 4 A 52
e R B A3 1 AL R

FIEERIE I M # 17 R A7 76 2 o %

EERMAER FHILE . SRR R BRI SRR
T A0 1S S TFIE S 5 00 3 DS v S B B

2% Uk

[ 1] Lakkaraju A, Umapathy A,Tan LX,et al. The cell biology of the retinal
pigment epithelium[ J/OL]. Prog Retin Eye Res,2020:100846[ 2024~
11-16]. http://www. ncbi. nlm. nih. gov/pubmed/32105772. DOI.;
10. 1016/j. preteyeres. 2020. 100846.

[2] Maeda T, Takahashi M. iPSC-RPE in retinal degeneration: recent
advancements and future perspectives [ J/OL ]. Cold Spring Harb
Perspect Med,2023,13(8) : a041308[ 2024—11-16]. http://www.
nebi. nlm. nih. gov/pubmed/36690464. DOI. 10. 1101/ cshperspect.
a041308.

[3] Gupta S,Lytvynchuk L, Ardan T, et al. Progress in stem cells-based
replacement therapy for retinal pigment epithelium: in wvitro
differentiation to in vivo delivery [ J]. Stem Cells Transl Med, 2023,
12(8) :536-552. DOI. 10. 1093/ stcltm/szad039.

[4] Bharti K,den Hollander AI, Lakkaraju A, et al. Cell culture models to
study retinal pigment epithelium-related pathogenesis in age-related
macular degeneration [ J/OL]. Exp Eye Res, 2022, 222 : 109170
[2024-11-16]. http://www. ncbi. nlm. nih. gov/pubmed/35835183.
DOT: 10. 1016/j. exer. 2022. 109170.

[5] Van Gelder RN, Chiang MF, Dyer MA, et al. Regenerative and
restorative medicine for eye disease [ J]. Nat Med, 2022, 28 (6) :
1149-1156. DOI:10. 1038/s41591-022-01862-8.

[6] Bertolotti E,Neri A,Camparini M, et al. Stem cells as source for retinal
pigment epithelium transplantation[ J]. Prog Retin Eye Res,2014,42:
130-144. DOI:10. 1016/]. preteyeres. 2014. 06. 002.

[7] Vugler A, Carr AJ, Lawrence J, et al. Elucidating the phenomenon of
HESC-derived RPE: anatomy of cell genesis, expansion and retinal
transplantation[ J ]. Exp Neurol, 2008,214(2) : 347-361. DOI; 10.
1016/j. expneurol. 2008. 09. 007.

(8] BigEm, 23Cih, B e, 5. J& SE it ek A A T 240 HE 1 b 22 065 4

Mo B S AR [T ], v AR S 3 IROBE 2% 35, 2022,40 (12) ¢
1141-1148. DOI;10. 3760/ c¢ma. j. cn115989-20200624-00450.
Duan HY, Li WJ, Jia YN, et al. Promoting effect of nicotinamide on
generation of neural crest stem cells derived from human embryonic
stem cells[ J]. Chin J Exp Ophthalmol,2022,40( 12) : 1141-1148.
DOI:10. 3760/ cma. j. cn115989-20200624-00450.

[9] Idelson M, Alper R, Obolensky A, et al. Directed differentiation of
human embryonic stem cells into functional retinal pigment epithelium
cells[ J]. Cell Stem Cell,2009,5(4) : 396-408. DOI; 10. 1016/j.
stem. 2009. 07. 002.

[10]Zhang Z, Yan B, Gao F, et al. PSCs reveal PUFA-provoked

mitochondrial stress as a central node potentiating RPE degeneration in
Bietti’s crystalline dystrophy[ J]. Mol Ther,2020,28( 12) : 2642-2661.
DOI:10. 1016/j. ymthe. 2020. 07. 024.

[ 11]Farnoodian M, Bose D, Khristov V, et al. Cell-autonomous lipid-
handling defects in Stargardt iPSC-derived retinal pigment epithelium
cells[ J]. Stem Cell Reports,2022,17 (11) : 2438 -2450. DOI: 10.
1016/j. stemer. 2022. 10. 001.

[12]Wu W, Zeng Y, Li Z, et al. Features specific to retinal pigment
epithelium cells derived from three-dimensional human embryonic stem
cell cultures-a new donor for cell therapy[ J/OL]. Oncotarget, 2016,
7(16) :22819-22833[2024-11-18]. http://pubmed. nchi. nlm.
nih. gov/27009841. DOI.10. 18632/ oncotarget. 8185.

[ 13]Hall JC,Paull D,Pébay A,et al. Human pluripotent stem cells for the
modelling of retinal pigment epithelium homeostasis and disease: a
review[ J]. Clin Exp Ophthalmol, 2022,50(6) : 667-677. DOI; 10.
1111/ceo. 14128.

[ 14]Limnios 1J,Chau YQ,Skabo SJ,et al. Efficient differentiation of human
embryonic stem cells to retinal pigment epithelium under defined
conditions[ J/OL]. Stem Cell Res Ther,2021,12( 1) :248[ 2024-11-
18 ]. http://www. ncbi. nlm. nih. gov/pubmed/33883023. DOI; 10.
1186/s13287-021-02316-7.

[ 15]Surendran H, Soundararajan L, Reddy K VB, et al. An improved
protocol for generation and characterization of human-induced
pluripotent stem cell-derived retinal pigment epithelium cells[ J/OL].
STAR Protoc, 2022,3 (4) : 101803 [ 2024 - 11 - 18 ]. http://www.
ncbi. nlm. nih. gov/pubmed/36386870. DOI; 10. 1016/]. xpro. 2022.
101803.

[ 16 ] Hazim RA ,Karumbayaram S, Jiang M , et al. Differentiation of RPE cells
from integration-free iPS cells and their cell biological characterization
[J/OL]. Stem Cell Res Ther,2017,8 (1) : 217[2024~-11-18].
http : //www. ncbi. nlm. nih. gov/pubmed/28969679. DOI: 10. 1186/
s13287-017-0652-9.

[ 17]Michelet F, Balasankar A, Teo N, et al. Rapid generation of purified
human RPE from pluripotent stem cells using 2D cultures and
lipoprotein uptake-based sorting [ J/OL]. Stem Cell Res Ther, 2020,
11(1) :47[2024-11-20]. http://www. ncbi. nlm. nih. gov/pubmed/
32014053. DOI;10. 1186/s13287-020-1568-3.

[ 18 ] Maruotti J, Sripathi SR, Bharti K, et al. Small-molecule-directed,
efficient generation of retinal pigment epithelium from human
pluripotent stem cells [ J/OL]. Proc Natl Acad Sci U S A, 2015,
112(35) : 10950-10955[2024-11-20]. http://www. ncbi. nlm. nih.
gov/pubmed/26269569. DOI:10. 1073/pnas. 1422818112.

[19]Zhang H,Ryu D, Wu Y, et al. NAD" repletion improves mitochondrial
and stem cell function and enhances life span in mice [ J]. Science,
2016,352(6292) : 1436-1443. DOI:10. 1126/science. aaf2693.

[20]Zhang H,Su B, Jiao L, et al. Transplantation of GMP-grade human
iPSC-derived retinal pigment epithelial cells in rodent model: the first
pre-clinical study for safety and efficacy in China[ J/OL]. Ann Transl
Med,2021,9(3) :245[2024-11-20]. http://www. ncbi. nlm. nih.
gov/pubmed/33708872. DOI:10. 21037/atm-20-4707.

[21]Bennis A, Jacobs JG, Catshurg L, et al. Stem cell derived retinal
pigment epithelium ;the role of pigmentation as maturation marker and
gene expression profile comparison with human endogenous retinal
pigment epithelium[ J]. Stem Cell Rev Rep,2017,13(5) : 659-669.
DOI:10. 1007/512015-017-9754-0.

[22]Liu S,Xie B,Song X, et al. Self-formation of RPE spheroids facilitates
enrichment and expansion of hiPSC-derived RPE generated on retinal
organoid induction platform [ J ]. Invest Ophthalmol Vis Sci, 2018,
59(13) :5659-5669. DOI:10. 1167/iovs. 17-23613.

[23]Kovalevich J, Langford D. Considerations for the use of SH-SY5Y
neuroblastoma cells in neurobiology[ J ]. Methods Mol Biol,2013,1078 :
9-21.DOI;10. 1007/978-1-62703-640-5_2.



- 420 - B S IR B AR

2025 4F 5 HE5 43 355 5] Chin ] Exp Ophthalmol ,May 2025, Vol. 43 ,No. 5

[24]Tian H,Xu JY,Tian Y,et al. A cell culture condition that induces the
mesenchymal-epithelial transition of dedifferentiated porcine retinal
pigment epithelial cells[ J]. Exp Eye Res,2018,177: 160-172. DOI.
10. 1016/j. exer. 2018. 08. 005.

[25]Regha K, Bhargava M, Al-Mubaarak A, et al. Customized strategies for
high-yield purification of retinal pigment epithelial cells differentiated
from different stem cell sources[ J/OL]. Sci Rep,2022,12( 1) : 15563
[2024-11-20]. http://pubmed. ncbi. nlm. nih. gov/36114268. DOI ;
10. 1038/541598-022-19777-2.

[26]Sharma R, George A, Nimmagadda M, et al. Epithelial phenotype
restoring drugs suppress macular degeneration phenotypes in an iPSC
model[ J/OL]. Nat Commun, 2021, 12 (1) : 7293 [ 2024 11-20].
http : //www. ncbi. nlm. nih. gov/pubmed/34911940. DOI. 10. 1038/
s41467-021-27488-x.

(WcH FH1:2025-01-20 {6 [81 [ 19 :2025-04-10)
(A RF  SEHT)

- IR B

VR Ak B A R R R & 7 MALT ik B8 1 4

A—w BET T ks’

I A4 I

T EFH LAR

"EESERIR MR AL A B R IRE L AT IRRME ST IR S S AL L T A SE R & L L AT 1000055

* LR A BT 2 Bt

Wi JeE % e R B oL, i E 26100057 48 22 1l v 0 PR

Be HR AL, 2842 271000

B /NRE 5K B A b A R A S BE R A AR
BEFEE . D3R, Email; jmma@sina. com

E ST -t a0 B8 e & B o0 B 1% 3R] (DFL20190201) 5 db 5t i H SRRl 24 3L 4

- (7182038)

Lymphoproliferative lesion of the lacrimal gland developing into MALT lymphoma.a case report

Du Yifan' ,Lyu Xiaohui® ,Wang Nan',Zhang Xuan® ,Wang Jinjin' ,Sun Mei' ,He Shan' ,Wang Ningli' ,Ma Jianmin'

! Beijing Tongren Hospital,Capital Medical University , Beijing Tongren Eye Center , Beijing Institute of Ophthalmology ,

Beijing Key Laboratory of Ophthalmology and Visual Sciences ,Beijing 100005 , China ;° Ophthalmological Center of Affiliated Hospital of
Weifang Medical College , Weifang 261000, China ;’ Department of Ophthalmology , Tai‘an Central Hospital ,Tai‘an 271000, China

Lyu Xiaohui and Zhang Xuan were visiting scholars at Beijing Tongren Hospital

Corresponding author:Ma Jianmin , Email :jmma@sina. com
Fund program : Beijing Hospitals Authority” Ascent Plan ( DFL20190201) ; Beijing Natural Science Foundation (7182038)
DOI:10. 3760/ cma. j. cn115989-20210223-00129

BES 445 AR F IR Ik T 2020 4 12 7E L e
F{EBEFLE . $OH B F 24 4 5 Be i2 Wi o A7 B E P9 ik 49 5
A7 A B HEE P ek 9 4 B3 R, AR i s B AR, A 45 SR s A TH bk 2 2L 41
AT A: DB A O (I 1A) o B M A IR i ik
SO e IR ) B2 (U AR, Bl A B . R A B — iR
PR IR 2 SUIR AL Sy 1.0, IR JEA R 16 mmHg( 1 mmHg=
0.133 kPa) , £ R 15 mmHg, BUAR k- HR G i ik , TH A DX R] 477 &
Jib ¥y, JC il A B 5 0 T DL 2 4 em RERIY B Bk U 101
JRLBUIR ISR E T EEIR SRR R SR E R, &N
MRER AT MR R AR LR =%, MEETRARE 24MHE
AR IE MRT, TIWT 0] BLXUIUH IR XK T A5 S, T2WT A I &7 T2

R EE AR ARL, 38 5 5 ] DL i 1 ST s AR 25 IR B R AR
Hfﬁ‘ﬁﬁxﬂﬁﬁ RBPE R A ORI AR ME MRT 454 45 SR [l A
SR, BUINTH B X AT WA T JE T2 (09 3 51 %45 5 iy, 3 5 s

AL 5] 58 AL ﬁiﬁa{*ﬂ/ﬁ? (ENLE7/E N iR/ E/APN
(K 2) o ARG AT R RGEM KTt A A, 45 R B &

%Jimkl%vﬁm (56. 10 TU/ml) , 40 4% Bt #4 | 8l 45 21 40 B 1 R
K CRMEE RREREH G(immunoglobulin G, IgG) | IgA |
IgM 47T PR3 ik Bt MPO Fiik R W55 . AR B & %
JE RS2 AT A IRHE P i P i B R **%Eﬁﬁﬂﬁmﬂﬂ)ﬁiﬁ%)ﬁﬁ

SR BRPE IR %ﬁ%%m%mwﬁmm KM F 7T A7
R By = I NN O VA T/ N - Wﬁ%&tkﬁ KN
2.5 emx1.5 emx 1. 6 cm; Z2 MR My 52 K 3 €8, BTG, i1 57 R,
KN 2.0 emx1.6 cmx1.0 em, x;(ﬁ&ﬂrb%éﬂﬂﬁﬂﬂﬁﬁéﬁ
SRARARL, O 2 B ARCBE T RT L J  p R P R B AR L A A
Heg) B TR 35— KUNSEASAH F] , 25 SR A% 4 ik B2 41 40
AR AE (Bl IB) o sl Sk kA 45 R Bon , IR
X i 988 4 i /5 %% 35 Bel-2, CD10, CD20, CD21, CD23, CDS,
CD79« .PAX-5 [ F, Ifi Bcl-6,CD3,CD43,CD45R0 . CyclinD1 .
SOX-11 %5 B oA O B 8 22 3 ; 7 MR T A% DX W93 400 it 5 %6 35 Bel-
2.CD10,CD20.CD21,CD23 ,CD43 MUM-1 [ F, ifif Bel-6,CD3,
CD5 .CyclinD1 . SOX-11 Z[H F4 W B F£ k(K 1C.D), B&
I B2 W oA S AH OC Ik 2 4 2 ( mucosa-associated lymphoid
tissue, MALT ) ¥k B 9% o [R] BF, AR 4% i 22 45 4 Wk 2981 Ann Arbor
Gy HARRUE A AR A A5 R R R AL T A 2K T, B R
RN B, ARG ﬂa%“tﬂ“ﬁ% LJH 5 BE o AR i 1 1

S, U H R VR N B EAT IR Y . BT S A, R L bR
Bk

TS AR 1 AR AT A BR 25 TH R 0 8 B AR 45 T om i 2
ZHEAN BT B A DLE G AR O 32 T LG UR O B2 KT S MALT





