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FTIR spectra of four cell lines
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Table 1 The bands frequencies assigned for the IR spectra HLFL R 2 MDA-MB-231, MCF-7 J5, MDA-MB-231 41 4p
Range Peak Possible resolve i, BT 1500~1 600 cm ' HYREME I WL Al 1 600~
Jem ™! position/em ™! 1700 cm™ " A9 Ik T W dic 04 43 1)l (1 548. 086 £ 0. 941)
990~1 040 1029 ¢—0—. C-0—H (1 651.678+£4.705) cm ' #% 3l #] (1 538.719 & 1. 712) FlI
1040~1070 1054 C—O stretching (1 639.55543.419) em ™' (p<<0.05), £ MCF-7 £I 4}t [
1 070~1 090 1083 P=0 stretching W[ 43 B A (1 547. 432 3. 082) Fl (1 647. 235 + 4. 426)
1150~1 190 1165 C—O stretching L _ _ .
L 9301 250 L oo P—0 stretching em B3 B (1 538. 03+ 4. 25) fI (1 636. 869 +3.391) cm
1 430~1 470 1455 —CH, deformation (p=<0.05) o Hofthdy T U ALIE W] 2 Sk o A . £ MDA-MB-
1 500~1 600 1551 Amide || 231 40 & P, SP 4 P 40 i e 3% 2 F 1 500~1 600 cm ™!
1600~1 700 1655 Amide T (R TR Bz T1 W e i 1 1 600~ 1 700 em ' A ot ke T W% Wi g A% T
1.700~1 800 1747 C—0 stretching S (3, ZRWAH BFEPE(p<<0.05), AT SP H S
29102 950 2930 ¢ H sureiching AR TR 200 5 15 15 2 BB K 4 B4 2 X B W (%
2 950~2 990 2970 Eﬁfﬁﬂjﬂﬁﬁﬁﬁ%ﬂﬁﬂo
3 300~3 500 3383 O—H, N—H stretching
F2 IABREAMRNZECSEITSN
Table 2 Spectral peak analysis of breast cancer cell lines
MDA-MB-231(Mean+ SD) MCF-7(Mean=+ SD)
P-value P-value
Control(n=12) SP(n=12) Control(n=12) SP(n=12)
1 070~1 090 1 076.6946.56 1077.241+4.572 0. 854 1079.764+2.19 1 078.0542.025 0. 082
1 230~1 250 1235.3834+2.916 1 234.83246.171 0. 848 1237.656+4.917 1 237.65647.766 0.51
1 380~1 420 1396.0054+2.062 1 397.93444.648 0.134 1 396.763£3. 38 1 395.316+4. 25 0.272
Range 1430~1 470 1452.760+4.944 1 453.58745.068 0.732 1459.4414+7.968 1 460.40544.696 0. 401
Jem- 1 500~1 600 1548.086+0.941 1 538.7194+1.712 <20. 001 1 547.432+3.082 1 538.0344. 25 0. 002
1 600~1 700 1651.678+£4.705 1 639.55543.419 0.001 1647.235+4.426 1 636.86943.391 <20. 001
2 910~2 950 2925.311+4.121 2 925.247+4. 181 0.9 2 925.632+1.897 2 924.347+0.996 0. 209
2 950~2 990 2 959.244+1.517 2 959.244+2.187 0.999 2 958.418+1. 604 2 958.940. 893 0.241
3 300~3 500 3 295.36641.834 3 295.488+2.396 0.929 3292.54241.996 3 292.059+5. 646 0.417

TENGEE A & b, A549 F1 SPCA-1 [T AT, o F
1 500~1 600 cm ' APk R 11 W% e & F0 1 600~1 700 ecm ' Ay
B T Wit 10 em ™' DL A #E RS (p<<0.05) . A549 4
MiZH, fF 1070~1090 Fll 230~1 250 cm™ ' i PO, AYIY
Wi th, A B B W S (p<<0.05) (3 3), SP AbFHZH A549 4

f. ez F 1 500~1 600 em " FY M 11 Wi AL 600~1
700 e AYTBENE L W MACUAE TR AR T AL (R ) BRI
B F M (p<<0.05) . FENRIE Rtk GRS X B . G SP
SRR 19 ol 9 240 M AR S 0 7 W v 3% T WD S R

®3 FBREBAMRLEESITSN

Table 3 Statistical analysis of spectral peak of breast cancer cell lines

MDA-MB-231(Mean= SD)

MCF-7(Mean=SD)

Control(n=12) SP(n=12) Prvalue Control(n=12) SP(n=12) Prvalue

1 070~1 090 0.5240.129 0.58140.182 0.415 0.3340. 07 0.32-0. 087 0.838

1230~1 250 0.382-40. 088 0.32440. 166 0. 705 0.25740. 086 0.20440. 068 0.262

1380~1 420 0.381-£0. 084 0.394-50. 121 0.516 0.278-0. 072 0.299--0. 074 0.632

Renge 1 430~1 470 0.377-£0. 082 0.416-50. 11 0. 255 0.282-£0. 061 0.328-£0. 074 0.284
e 1500~1 600 0.66340.073 0. 69140. 095 0.29 0.588-£0. 065 0.583-£0. 095 0.917
1 600~1 700 0.965-0. 057 0.88640. 101 0. 274 0.896-0. 076 0.73940. 134 0.058

2 910~2 950 0.417-0. 057 0. 406-£0. 056 0.788 0.54-50. 045 0.511-£0. 02 0.158

2 950~2 990 0.386-£0. 074 0. 388-50. 049 0. 955 0.515+0. 051 0.485-0.018 0.182

3 300~3 500 0.775+0.163 0.8624+0.118 0.497 0.999-40. 001 0.99640. 002 0.015
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Table 4 Spectral peak analysis of lung cancer cell lines
A549(Mean=+SD) SPCA(Mean=SD)
P-value P-value
Control(n=12) SP(n=12) Control(n=12) SP(n=12)
1 070~1 090 1082.166+2.172 1079.1214+2.713 0.021 1 081.87144.421 1 080.996+5.535 0.468
1 230~1 250 1235.72843.219 1 231.87143.049 0.018 1232.35343.993 1 232.83544.581 0.516
1 380~1 420 1397.004+1.767 1 398.20943.571 0. 329 1397.004+3.082 1 397.48643.409 0. 626
1 430~1 470 1451.24542.305 1453.65545.716 0. 38 1451.48643.409 1 450.79641.767 0.782
Range
PR 1 500~1 600 1545.02144.991 1 534.65545. 899 0.001 1546.46843.779 1 535.61943. 049 0. 001
/cm
1 600~1 700 1651.09243.779 1637.35148.117 <0. 001 1645.06544.123 1 638.074+10. 254 0.023
2 910~2 950 2924.186+1.364 2 924.347+1.575 0.999 2 925.186+1.438 2 925.081+0.941 0. 356
2 950~2 990 2 958.65940.682 2 959.14140. 998 0. 351 2 958.659+0. 682 2 958.940.893 0. 351
3 300~3 500 3292.783+2.291 3 293.747+4. 305 0.563 3294.153+2.569 3 293.37243.404 0. 683

BERE T B4R sh AR A2 F 1 655 em ' BHIE . kAR 1T A9 P 3
AT 1545 em” [T, B IL, R 20 AR BOR B G 2 1k
Sy F LA RSN, 76 DU R A0 AR P 0g 0 & A R B 10 R I
T FABEE 1T AW g, 327 SP il LA b 1 i Ji 978 248 i 3% Al
A 51 bR 40 P B R RS SRR, X AT RE S S T
YA P 2 e e e A W R A L b, (5 SP il i i 9
AR AS49 J5, A549 ML 4h ki 1 070~1 090 cm™ ' Al
1230~1 250 em™ ' HELEE RS (p<T0. 05), 3X B A~ ik B 40 3
5 5 R TR B TRR TR B 1) o) R R 3l RS2 X Bk i gl AH DG EE L I
A A5 98 A0 DNA G 35 R R 96 355 TR 1) &85 449 738 A A 5%

i 3 X SP Ak BH£H i1 X R £H 40 i 1) 21 A0 O % 0 A 52 3.
A LLA3 AT SP AL B3 %6F i g 40 A 2R T g 45 # DL ) DNA &5

A B 52+ 300 o AR A 08 WA DA 32 T L A ML N AR L S
Bt MR epoRk AL B i E AR, LR RN R
. SD Ak B 4 AE R A DA AR 5G DX B B e i IR T X IR AL . (H
REARA G257 Gk 3, HAEFLRE 40 & MDA-
MB-231 i s 40 i 22 AS49 Bk 1 A0TE e 11 1 W% tic ek 5
JEMRF XA, BAGI#2ER (p<<0.05) (R 3. K 5). 4
£ SP Ak S bR 240 B TT LA GL 2E IR A0 S 1 AR L S RS R iR 2R R
I3 ARETET B IR 2 SR 2N N A AR RE D I B . R D 0 R
BEBR 5 BOH A iR 20 I P9 S 2 A T o6 R A R
A BN NE AR A R Aoy ANRRIR AR B (SRR ED
S5 DT 1 IR 200 PR 0 72 8 T LA B e A0 i 989 400 i 255
AE T . DATID A2k 1 e 200 B P S A% AR 2R RE T .

RS OBHE MR ERKIET ST

Table 5 Statistical analysis of spectral peak of lung cancer cell lines

A549(Mean=+ SD) SPCA(Mean=+ SD)
Control(n=12) SP(ni=12) Prvalue ol = 12) SP(ri=12) Pralue
1070~1 090 0. 486-0.17 0. 3960, 342 0.075 0. 4150, 256 0.29740. 133 0. 468
1 230~1 250 0.463+0.121 0.319-0. 283 0.176 0.39140. 102 0.37740. 127 0.505
1 380~1 420 0. 43340. 114 0.3460. 24 0. 839 0. 388£0. 098 0.361-£0. 129 0.095
1 430~1 470 0.41940.115 0. 356-0. 089 0.57 0.3690. 078 0.37540. 11 0.427
i:ff 1 500~1 600 0. 68740. 059 0.53940. 209 <0.001 0. 656-0. 083 0. 64440. 153 0.583
1 600~1 700 0.951+0. 018 0.71440.267  <0.001 0.922-£0. 077 0.798-0. 108 0.018
2 910~2 950 0. 604+0. 102 0. 5240, 145 0. 204 0. 491+0. 058 0. 47340. 039 0.064
2 950~2 990 0.53740. 088 0.49540.134 0. 342 0. 45340. 087 0. 46540. 016 0. 305
3 300~3 500 0. 9930. 006 0.9970. 003 0.186 0. 94-0. 056 0.966--0. 03 0.358
L5 7R SP Ak 3 DU Rl ik R 20 B AR R AN . DU R AN i R
4 7 ® (415Nl 1655 em ' BFIE A I T MR Mg L % 1 545 cm !

i FTIR) 20 S 2150 OGS A TSP AL PR J5 DY A i
JE 200 L A 2T P9 I b R AR R O TR S AN AR . SR

R 30 A I B 1 W W e R AR R B . FE AS49 ZiEE R 1 MDA-
MB-231 4iffs Z= H . e T FEERE 11 9 W2 i 0 5 %o E 2 A B
TR HI W R, £ AS49 MR, 1 070~1 090 Fl 1 050~
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Fo MR 2 1 A= Wy 2 LT BoA T B0 S0 O N T g ot i A
TS SR AN RS WE I S TR A4 AL A A0 B0 B B
Brift: hER R REE K LR SR R R X

JCIE SRR SEAMKHRBERN TR R R AR N EERE .
FURY 2 0 R A O TR, 30 43 T 96d 40 L 3 79 45 2 TR A

References

[1] Yang L, Zheng R, Wang N, et al. Chin. J. Cancer Res. , 2018, 30(3): 291.

[ 2] Masel E K, Schur S, Nemecek R, et al. Ann. Palliat Med. . 2017, 6(1): 6.

[ 3] Steinhoff M' S, von Mentzer B, Geppetti P, et al. Physiol. Rev., 2014, 94(1); 265.

[ 4] SuvasS. J. Immunol. , 2017, 199(5): 1543.

[5] Sun T, Jiang X, Wang Q. et al. ACS Appl. Mater Interfaces, 2017, 9(40): 34603.

[ 6] Lupu M, Caruntu A, Caruntu C, et al. Oncol. Rep., 2017, 38(3): 1327.

[7] ChenX Y, RuGQ, MaYY, etal. OncoTargets Ther., 2016, 9; 3595.

[ 8] Robinson P, Kasembeli M, Bharadwaj U, et al. Biomed. Res. Int., 2016, 2016 1959270.
[ 9] Bunaciu A A, Hoang V D, Aboul-Enein H Y. Crit. Rev. Anal. Chem. , 2015, 45(2). 156.
[10] Raczkowska M K, Koziol P, Urbaniak-Wasik S, et al. Anal. Chim. Acta, 2019, 1085; 39.
[11] Nallala J, Lloyd G R, Shepherd N, et al. Analyst, 2016, 141(2): 630.

[12] Bunaciu A A, Udristioiu G E, Ruta LL L, et al. Saudi. Pharm. J., 2009, 17(4): 303.

[13] Chwiej J, Dulinska J, Janeczko K, et al. J. Chem. Neuroanat. , 2010, 40(2): 140.

[14] Surowka A D, Pilling M, Henderson A, et al. Analyst, 2016, 142(1): 156

[15] Grzelak M M, Wrobel P M, Lankosz M, et al. Spectrochim Acta A; Mol. Biomol. Spectrosc. ,» 2018, 203 48.

Changes of Tumor Cell Components Induced by Pain-Related
Neuropeptides SP Investigated by Synchrotron Radiation
Infrared Microscopic Imaging Technology
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Abstract Pain is one of the most common symptoms in cancer patients, but for a long time, the control of pain symptoms in

clinical cancer treatment still cannot get enough attention. The mechanism of pain promoting tumor has not been fully
understood. Substance P (SP), as a neuropeptide mediating pain, is highly expressed in serum of patients with cancer pain. In
this study, the SP stimulated tumor cells were collected and analyzed by synchrotron radiation microscopic infrared spectroscopy
imaging, in order to reveal the possible mechanism of pain promoting tumor. Results show that in the breast cancer cell lines
MDA-MB-231, MCF-7, and lung cancer cell lines A549, SPCA, the absorption peak of amide I near 1 655 cm™' which reflect
the secondary structure of the protein, showed blue shift. Suggesting that SP stimulate tumor cells may cause tumor cell protein
secondary structure change. In MDA-MB-231 and A549, the absorption peaks of amide I and amide II which located in 1 500~
1 600 and 1 600~1 700 cm ' also declined significantly, show that in the two cell lines, the protein expression of tumor cells is
significantly lower. In A549 cell line, the symmetric stretch vibration peaks of phosphodiester group in 1 070 ~1 090 and
1 230~1 250 em ™! show blue shift, indicating that SP stimulated A549 cell lines also affected the nucleic acid structure of this
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cell line, suggesting that SP may cause the damage of tumor suppressor genes and the activation of oncogenes. Synchrotron radi-
ation micro-infrared imaging analysis revealed that persistent pain symptoms affect the biological activity of tumor cells through
the release of neurotransmitters, possibly by changing the structure of proteins and nucleic acids in tumor cells. The results of
spectroscopy showed that the presence of pain and other adverse symptoms and the release of pain-related substances may affect
the protein structure and expression in tumor cells and the change of nucleic acid in tumor cells, which might have adverse effects
on the treatment of tumors. In clinical tumor treatment, attention should be paid not only to killing tumor cells but also to

symptomatic control of symptoms.

Keywords Synchrotron radiation infrared microscopic imaging; Substance P; Breast Cancer; Lung Cancer
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