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RNA-seq Transcriptomic Analysis of Phycocyanin in Regulating the Inhibition of Non-small Cell Lung Cancer Cells
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(Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Engineering and Technology Research Center of
Food Additives, School of Food and Health, Beijing Technology and Business University, Beijing 100048, China)

Abstract: Phycocyanin is a natural food colorant used in many food industries in China. It is also a natural functional food
protein with good antitumor capacity. In the present study, the high-throughput RNA-seq analysis showed that phycocyanin
affected the expression levels of 2 532 genes, including 1 491 up-regulated ones and 1 041 down-regulated ones. GO analysis
showed that these differentially expressed genes mainly participated in cell proliferation, apoptosis and cytokine responses.
Cluster analysis showed that proliferation-related genes such as Cdk2, Cdc25, PCNA and TLR4 were down-regulated, whilst
p27 and p21 were up-regulated after phycocyanin treatment. Meanwhile, apoptosis-related genes such as Bcl-2 and NKDI
were significantly down-regulated, whereas CCT6 and GBP2 were significantly up-regulated. KEGG pathway analysis
showed that PI3K-Akt signaling was one of the important pathways through which phycocyanin participated in regulating
H460 cells. By revealing the potential mechanism of action of phycocyanin in non-small cell lung cancer H460 cells, the
present study may provide a theoretical foundation for the development of targeted therapeutics against non-small cell lung
cancer and of functional food factors against tumor cells.
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Table4 RNA-seq analysis of 10 differentially expressed genes
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GBP2 2,601 1379 0.00114 000369  fREZ Lif

2.6 EEPCRIGIFZFIFMFIE
X 1245 B 1) IR TUAS 8 3 R AT T 8 = PCRIY
IR, K7, P iR Cdk2. Cde25.

PCNAVL R TLRATE W AR 5 HEL 7 w2 N, Jd
AR B R p2 78 0p2 I IR 7 B AR T 2R R CCT6 A
GBP2IE S E A F I T B3 LA, miE T &
Bel-2FINKDI RIS S L T AH S IOt a5 R 55
SR B R R R IA B 2 AR — 8, i — 2P RSk T ix gk
DB R 7 JE IR I SRR 2 B T RS R R, gk gk
T HAGOZN M () 358 G A0 k1) AR T2 RGN, AR R IS R T
A /INGH i i ) R A AL B L T B P R A

251
2.0

O X 2
(WS o

T S

0
Cdk2 Cde25 PCNA TLR4 p27 p CCT6 GBP2 Bcl-2 NKDI
F

7 ERERNEREPCRER
qPCR analysis of differentially expressed genes

1.5
1.0
0.5

mRNA X FIA &

Fig. 7

2.7 U EAIEHAGOM M 115 5l B o b gl R

TNFf5 % L.E% N
PRI

?Hiﬂ’@iﬁit .

[ BE A 45

e 0 2 4 .

N

AR F 174 BB Pffi

Nomixﬁs

Pl o
L 1
TARYIN A '5Z<JJH7K§*%¥%EPL

HTLV- &}

IR G

Wit 538 %

BT

TGF-betafs; 5 B #%
A R
NF-kappa Bf5 51l ##
AR T 52 AR AR
PI3K-Aktf5 5 il 1

00 01 02 03 04 05
HHRRT
8 ERHENMKEGGHESHT

KEGG enrichment analysis of differentially expressed genes

KA KEGGH U &5t 2 R AL R v it 2 5 115 5 18 2%
AT T EESNT, FRER T & R HAE AT 2007 1M{5 5
Wik, ARKW, EHEFINERERG, FESE
T 5 e AR K AR TSR S TNF(E Sl g . IL-17(5 518
B, Wntf5 58, NF-«Bf5 58 L X PI3K-Akt(E ‘5l
B, HPPBK-AKUE S IEE TS A M2 S ER M E
% . KimFEdd 5o &K, p21 ] DAER—AN T2
H 72 5AktfE SE, MR, Chenth
T I 40 AR U93 741 B & LAkt 5 p2 1 BAT A8 B 2L
WP,k R R TR B (AT At Y A 5 3 B B 4
J R A BERR, BRI HIH46040 5 . e b, A

10
59

L

oo O—
ST EF NS

Fig. 8



100 2020, Vol.41, No.05

B5oiltl F

XEFE L

K TR TE Akt 5 Bel-27E 59 8L . 15 8 g vh B A A
HEEHERRY, RPAKES S TaE TR .
I, KEGGZHr3% BH Akt ] B8 /2 4 W5 2 1 R P HA604H i 1
FAAAT I — A BE R

UbAh, TEFE AT Rh, — A S 5 Akt
5B LA N FWITLR2 . TLR4 VL X IRS T4
VB 22 5 B M 3 H o, BE AT IR e S 4H o0 B 45 Rk 5
Fim. MW FAREE S, IX eI IR 8% oK BT )
BETA. B, XHAF2 ANZERIERF (TLR2FTLRY)
DL K PI3K - Akt{i 5 8 i (1 7 > 28 4 2 AK T AN iR
fig-5k 778 1 (phosphatase and tensin homolog deleted
on chromosome ten, PTEN) [{IEEE LK FHE4T T Kl
(E9) o PTEN & —FhelEw =B BB 0 &5 1, Rl
R PI3K-AKt(E SR HOINH] T, BEER 1L 5 HsaE >
KOG, R AAFEHAGOM M5, TLR2., TLR4FI
IRSTHIE AKFHIL T R IEIK, SHEgHSE R
Al , PTENMBERRIL A LT B3, I+ H Akt
R /K B T BB K. DA B RS BB, iR
I RE S 2 2 BRI PI3K-AKf5 538 M & 1, 3k it o 400 P
BB B PHIER -

£S5 BAKtESEBARXE AN EZRERERERAFL

Table5 RNA-seq analysis of 3 differentially expressed genes related to
Akt signal pathway
Jj__t 10g;7§¢‘%f%§ﬁ( 25 = UEE
Li chmawimay P RIEPEREE pon
TLR2 —3.24 0.00543 0.016 89 R T
TLR4 —2.043 0.007 89 0.02549 Hzf# T
IRS1 —1.243 0.002 64 0.01643 R T
XA b
phospho-PTEN e

(Ser380)

phospho-Akt e
(Serd73) | s o

TLR2 - —

TLR4 - -

f-actin -

9 EBHEAHHAGOH MG Akl 5 FE B AR W
Fig. 9 Akt pathway analysis in H460 cells after phycocyanin treatment

3 & #

AR FE LA el e SR BRI S B, X e AR
F AR P 5 T HAGO 4 L HEAT T 36 e Iy . 45 2R R W,
BeEE AL, LIRS 22 532 MRIZE N E LR
MURER, Horp B2 FiRIERT 491 Ay, b7 AR R A

158.9%; W3 TR 041 A, 2R HE RS Em
41.1%. XEeZE RN 3 B2 5 T g 0 S A T AR DG
AR R =R AR AT RE SRR, 4 K
AN i 2 R R A A AR 36, 0038 1 5 4 e G A 1
IR EEILN: Cdk2. Cdc25. PCNA. TLR4. p27.
p21. CCT6. GBP2. Bcl-2. NKDI; % mPCRIGIELE R
R, ERBENREERSEFASR -8 1A,
ZREHNMKEGGE £ oTiir, BEEARESS
WIETNF, IL-17. Wnt. NF-kBLL & PI3K-Akt25 (35 5 il
P, HAPIBK-AKHE Sl E RN 2 RN B ERE
Western Blot4h St — Bl 1 i 6 8 A e o 25 PR AIC
HA604H i Akt 538 6 RO, 32 17 400 o 200 B 164 B 2
BER TS AWFFTAS AR I 1 EEE HE EAEHA60 40 i 1 1
FERLE, Db iR 28 ) R M £ i R IR O i AR FH 4 it
TEEAKYE, (R R S A )N 2 P g )R )R T B it
THIRSE,

S 3 :

[1] BLOT N, WU X J, THOMAS J C, et al. Phycourobilin in trichromatic
phycocyanin from oceanic cyanobacteria is formed post-translationally
by a phycoerythrobilin lyase-isomerase[J]. Journal of Biological
Chemistry, 2009, 284(14): 9290-9298. DOI:10.1074/jbc.M809784200.

21 EA, PhESE, XUGGE, 5. R A BRI BT 2 BE PRI 5
HER[I]. R, 2015, 39(7): 130-135.

[B] I, R, ERA. DUREE AR R B R AR ISR S R D). '
S5 AEMEAR SR, 2017, 36(12): 1233-1240.

[4] WU Qinghua, LIU Lian, MIRON A, et al. The antioxidant,
immunomodulatory, and anti-inflammatory activities of Spirulina:
an overview[J]. Archives of Toxicology, 2016, 90(8): 1817-1840.
DOI:10.1007/s00204-016-1744-5.

[5]  PLEONSIL P, SOOGARUN S, SUWANWONG Y. Anti-oxidant
activity of holo- and apo-c-phycocyanin and their protective
effects on human erythrocytes[J]. International Journal of
Biological Macromolecules, 2013, 60: 393-398. DOI:10.1016/
j-ijbiomac.2013.06.016.

[6] HAO Shuai, YAN Yan, LI Shuang, et al. The in vitro anti-tumor
activity of phycocyanin against non-small cell lung cancer cells[J].
Marine Drugs, 2018, 16(6): 178. DOI:10.3390/md16060178.

[7] PARDHASARADH B V, ALI A M, KUMARI A L, et al.
Phycocyanin-mediated apoptosis in AK-5 tumor cells involves down-
regulation of Bcl-2 and generation of ROS[J]. Molecular Cancer
Therapeutics, 2003, 2(11): 1165-1170.

[8]  SUBHASHINI J, MAHIPAL S V K, REDDY M C, et al. Molecular
mechanisms in C-phycocyanin induced apoptosis in human chronic
myeloid leukemia cell line-K562[J]. Biochemical Pharmacology,
2004, 68(3): 453-462. DOI:10.1016/j.bcp.2004.02.025.

[9]  LIAO Gaoyong, GAO Bing, GAO Yingnii, et al. Phycocyanin inhibits
tumorigenic potential of pancreatic cancer cells: role of apoptosis
and autophagy[J]. Scientific Reports, 2016, 6: 34564. DOI:10.1038/
srep34564.

[10] LIBing, CHU Xianming, GAO Meihua, et al. Study on the mechanism
of C-phycocyanin mediated photodynamic therapy in curing mice with
MCEF-7[J]. Chinese Pharmacological Bulletin, 2011, 27(3): 383-389.
DOI:10.1631/jzus.B1000196.



o/ i~ — N[ Pt
XEFE B Rz 2020, Vol.41, No.05 101
[11] RAVIM, TENTU S, BASKAR G, et al. Molecular mechanism of anti- [22] LI Bing, GAO Meihua, CHU Xianming, et al. The synergistic
cancer activity of phycocyanin in triple-negative breast cancer cells[J]. antitumor effects of all-trans retinoic acid and C-phycocyanin
BMC Cancer, 2015, 15: 768. DOI:10.1186/s12885-015-1784-x. on the lung cancer A549 cells in vitro and in vivo[J]. European
[12] LIU Zijian, FU Xiang, HUANG Wei, et al. Photodynamic effect Journal of Pharmacology, 2015, 749: 107-114. DOI:10.1016/
and mechanism study of selenium-enriched phycocyanin from j.ejphar.2015.01.009.
Spirulina platensis against liver tumours[J]. Journal of Photochemistry [23] BINGULA R, DUPUIS C, PICHON C, et al. Study of the effects of
and Photobiology B: Biology, 2018, 180: 89-97. DOI:10.1016/ betaine and/or C-phycocyanin on the growth of lung cancer A549 cells
J-jphotobiol 2017.12.020. in vitro and in vivo[J]. Journal of Oncology, 2016, 2016: 8162952.
(3] PO, R, R, WA T 3T SR, BRI DOL:10.1155/2016/8162952.
s :
B, 2018, 45(10): 800-804. 24] KIMY Y, JEEHJ, UM I H, et al. Cooperation between p21 and Akt
k%72 A B 2 TR 22 T Y4 R TR T AC R SR
(141 DB, SGHA. it fid AT 5 K de 7 AR (7] DU R R 22, is required for p53-dependent cellular senescence[J]. Aging Cell, 2017,
2014, 22(8): 1982-1986. o 16(5): 1094-1103. DOI:10.1111/acel.12639.
(15 SIEGEL R. WARD E. BRAWLEY O. et al. Cancer statistics, 2011: 55 cypN y J, LIU W H, CHANG L S. Hydroquinone-induced FOXP3-
the impact of eliminating socioeconomic and racial disparities on ADAMI17-Lyn-Aki-p21 signaling axis promotes malignant progression
at é deaths[J]. CA: A Ca J al for Clinicians
premature cancer deaths[J] ancer Journat tor Lunicans, of human leukemia U937 cells[J]. Archives of Toxicology, 2017,
2011, 61(4): 212-236. DOI:10.3322/caac.20121.
. 91(2): 983-997. DOI:10.1007/s00204-016-1753-4.
[16] RIVERA G A, WAKELEE H. Lung cancer in never smokers[J]. . . .
. . . . [26] DAIY, JIN S, LI X, et al. The involvement of Bcl-2 family proteins
Advances in Experimental Medicine and Biology, 2016, 893:43-57. . o . . o .
in AKT-regulated cell survival in cisplatin resistant epithelial ovarian
DOI:10.1007/978-3-319-24223-1_3. no 017, 8(1): 13541368, DOL10.18632/
. t t, N : 1354- . :10.
[17] ZHANG Yunlong, YANG Qian, WANG Siwang. MicroRNAs: a new cancer(J] . nlco arge M
key in lung cancer[J]. Cancer Chemotherapy and Pharmacology, 2014, oncotarget.13817. o ) )
74(6): 1105-1111. DOI:10.1007/s00280-014-2559-9. [27] MOU S, ZHOU Z, HE Y, et al. Curcumin inhibits cell proliferation
[18] JIAN Jinlong, WEI Wei, YIN Guowei, et al. RNA-seq analysis of and promotes apoptosis of laryngeal cancer cells through Bcl-2 and
interferon inducible p204-mediated network in anti-tumor immunity[J]. PI3K/Akt, and by upregulating miR-15a(J]. Oncology Letters, 2017,
Scientific Reports, 2018, 8(1): 6495. DOL:10.1038/541598-018-24561-2. 14(4): 4937-4942. DOL:10.3892/01.2017.6739.
[19] ALDAZ C M, HU Y, DANIEL R, et al. Serial analysis of gene [28] KWON C H, PARK H J, CHOI Y, et al. TWIST mediates resistance
expression in normal p53 null mammary epithelium{J]. Oncogene, to paclitaxel by regulating Akt and Bcl-2 expression in gastric
2002, 21(41): 6366-6376. DOI:10.1038/sj.0nc.1205816. cancer cells[J]. Tumour Biology, 2017, 39(10): 1010428317722070.
[20]  YING Jun, WANG Jian, JI Huijuan, et al. Transcriptome analysis of DOI:10.1177/1010428317722070.
phycocyanin inhibitory effects on SKOV-3 cell proliferation[J]. Gene, [29] CHEN Huixing, ZHOU Lan, WU Xiaorong, et al. The PI3K/AKT
2016, 585(1), 58-64. DOI:10.1016/j.gene.2016.03.023. pathway in the pathogenesis of prostate cancer[J]. Frontiers in
[21] LI Bing, GAO Meihua, LV Congyi, et al. Study of the synergistic Bioscience, 2016, 21: 1084-1091.
effects of all-transretinoic acid and C-phycocyanin on the growth and [30] GUO Huifang, GERMAN P, BAI Shanshan, et al. The PI3K/AKT

apoptosis of A549 cells[J]. European Journal of Cancer Prevention,
2016, 25(2): 97-101. DOI:10.1097/CEJ.0000000000000157.

pathway and renal cell carcinoma[J]. Journal of Genetics and
Genomics, 2015, 42(7): 343-353. DOI:10.1016/j.jgg.2015.03.003.



