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Establishment of the method for non-destructive and non-invasive monitoring of
iPS cells developing into EPO producing cells using Raman spectroscopy
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We investigated the process of human induced pluripotent stem cells EiPSCs)
into erythropoietin (EPO)-producing cells using Raman spectroscopy and imaging. The fixed cells at
four stages of cell differentiation (Phase I, 11, 111, and IV) were analyzed, and the concentration
variations of intracellular molecular compositions with the cell differentiation were examined.
Three biomarkers for monitoring the cell differentiation were made clear: the bands due to C-S-C
stretching vibrational modes, the concentrations of unsaturated fatty acids with low grade of
unsaturation, and the concentrations of glycoproteins. The dynamic changes of these molecular
compositions during the course of cell differentiation were successfully visualized by Raman
imagin?. The results showed application possibilities of Raman spectroscopy and imaging to monitor
the cell differentiation and discriminate the cell maturation.

iPS



iPS

iPS
iPS
iPS
iPS
iPS
iPS
iPS
~ 3 days ~ 7 days
iPS EPO iPS cells Stage 1 Stage 2
4 I, I, I, T
v I I I
iPS 1 2 (early) 2 (late)
785 nm 60 [ Il 1] v
20 pm 1 pm
PSC EPO
2a 4 DNS/RNA
Phase 111 1V 708, 672 cm™
C-S
(a) 1447 Cysteine 682
Phase |l (b)
80 780, 3
g
1444 >
1656 1337 3
Phase I § NMethionine 698
(=
- 720
— 5 651
3 A 780 718
)
= 1445
=
}LCJ Phase IlI
= 1800 1600 1400 1200 1000 800 500
Raman shift (em™)
70000
672
s 50000 (C)
Phase IV 50000 1
1060 o _E 25000 ]
850 524 é 30000
VoL @
; 780 98 E 20000 702
10000 H 3‘102913 1414 1016948
v Y y y T 0 T T T T T T T T
1800 1600 1400 1200 1000 800 600 000 2800 2600 1600 1400 1200 1000 800 600
Raman shift (cm™) Raman shift {em™)
@) 4 (b) (c) DMSO



(@) .
20 4
Erw— o
204 | O Phasel |
©  Phasell
304 A Phase 1|
Phase IV|
Factor 1
(c) .
104 _
% 0+ % E
-10 4
-15 T . - .
Phase | Phase Il Phase Ill Phase IV
PLS (a)
1
2b
DMSO 2c
DMSO
Phase 11 111
DMSO
1800-800 cm™
PLS
(0, 0, 0.5, 1) PLS
Factor 1
3a, 3c
3b
@, 0, 1, 0
PLS
Phase 111
Factor 1’
4
Phase 111
EPO
EPO
DMSO
PLS 2

(b)

0.204

Factor 1 (28%)

0.15 4

0.104

0.05 -

0.00 4

0.10

1440

Factor 2 (26%)

Loading plots of PLSR factors

0.15 } : " :
0104 Factor 3 (3%)
0.05 4
0.00 4
0,05
0.10 . ; : ;
1800 1600 1400 1200 1000 800
Raman shift (cm™)
(b) Factor 1-3 (c) Factor
’
Factor1 1333
DMSO
3
&
>
o
‘B
PLS &
g
£
1800 1600 1400 1200 1000 800
Raman shift (cm™)
Factor 1’
Phase | Phase Il Phase Ill Phase IV
50
25
50
4 b 70
AL 2 0o
(a)DMSO



iPS

iPS



1 1 0 0

Mika Ishigaki, Hirofumi Hitomi, Yukihiro Ozaki, Akira Nishiyama 12
Exposing intracellular molecular changes during the differentiation of human-induced 2022
pluripotent stem cells into erythropoietin-producing cells using Raman spectroscopy and

imaging.

Scientific Reports 20454

DOl
10.1038/s41598-022-24725-1

Mika Ishigaki, Hirofumi Hitomi, Yukihiro Ozaki, Akira Nishiyama

Raman imaging grasped the molecular changes during the cell differentiation of human induced pluripotent stem cells into

erythropoietin-producing cells
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