Pharmacy Information Z#J% R, 2020, 9(3), 117-125 Hans X
Published Online May 2020 in Hans. http://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2020.93017

The Functions and Applications of Epithelial
Keratins in Normal Tissues and Tumors

Fuzhou Liu, Yu Liu, Jie Wu*
School of Life Science and Technology, China Pharmaceutical University, Nanjing Jiangsu

Email: "wujie@cpu.edu.cn

Received: Apr. 30", 2020; accepted: May 13", 2020; published: May 20", 2020

Abstract

Keratins are the main component of the intermediate filaments. Keratins protect epithelial cells
from damage caused by mechanical and non-mechanical forces, including maintaining cell integr-
ity, regulating cell growth and migration, and preventing apoptosis. The expression pattern of ke-
ratins is usually unchanged in the malignant transformation of epithelial cells, so keratins are
used as cancer markers frequently to detect and identify cancer types and grades. This article
mainly reviews the molecular biology and biological functions of keratins and the clinical applica-
tions of keratins as tumor markers in recent years.
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1. AEBER

FI G W LB A IS 5 SR B 4R 22, ZEM i S e LB B E R e, S TICE SR B RE A
rh1 ] 22 (Intermediate filament, IF) =~ FE L5 LT RIAROCEE AR R IFs A 7SFANRISRAY, 1T HY IF R Ay
M (Keratins), 1128 IF A EE, TA IF BFEOEEN . gimOMMaRma4emitsar, v L IF
HaLphegez, VIR R REA, VIIF ZEEA]. HALEEL 54 FmEasn, MRInREmEL
AFER =2, R MAEARER, BRMAEAEFAMEOEIERFE2]. 080T R 2 i SR RS R
1o BT S, T BRI A1 B 1 (1) 55 L SR 4.9~5.4, A0LFE 17 Fh b R4 i £ B2 K9 K10, K 12~K20.K23~K28
A1 FERMEA K31, K32, K33a. K33b. K34~K40; 11 B AR A5 SN 6.5~8.5, G155 20 Ff
R MAEA KI~KS, K6a. K6b. Kéc. K7. K8. K71~K80 il 6 Fii &% f1 5 (4 K81~K86 [3] [4].

BT fA 2R R A A R AR (1), Bl a- BB AT 45 F s AL 1 3L N-2R 3 A C- 2K Sifg (1) A AR
K SE IR R[50 a-IEHE X K EEARHR ST, 8 310~350 NEIER, 5 IR e ) Sk AN R b Ay e 1K
AR ZE FARK o a-WR e g f s & DU LK E 2 7 51 v Bl (a-b-c-d-e-f-g) n, i a, b Z sk H,
BAEZTF v Berbaly ek i B IE A7 B A S8 & 0 AT I R (6] 1 2R 1 2 DABRBRC X 1 77 =X AR AR S8
FIRFEIR 1) T~ B 5 3R, PRAS A S A AT ACHEFE SR Y S A, DY SR AR AR TR iz, —
Xof JR 228 [F) 25 G T R 2T 22, DUANJR LT 22 B R ELAR 10 nm IR FETE TF [1][7]. ZEARA T H22(6 nm) 1
(23 nm)Z 8], ATLLAy 4 N Intermediate filament, R FF[E]22,

a-Helical Rod .
Head Tail

Evial 1A [uf 1B [Li2] 24 [r2] 2B [mIIER

7E: 1A, 1B, 2A, 2B ZIWAMNEHRESE SR, L1, L12, L2 Z2=AEH%EX.
SLEH =AW HISA R, E Nl (end subdomain). V A H] 28 i I8 (variable
subdomain). H 4[R]3 (homologous subdomain).

Figure 1. Schematic representation of the tripartite domain structure shared
by keratins
E 1. aERGHRERE

2. REREYFINEE
2.1. REMMREGH, BERHERHMEE
FEARMLPY, 10 nm [ TF A2 U A 26 T SR LI S (R 5 0 5 0 2 TP 28 A S 5
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A, KRR B DL R A S 40 P R B4R 5 B S (R R B A R A, S DR3P AU IR O A B2 AL
PR, B CRAEAUBR T RN 2 18 400 S AL 43 0 58 B % 8] (9] AEFIIWEFE LBl B F el 2 4
PEPABURMAS P ) B g R 2R, DX k2 3 A1 2 1 A I R SR BT Pt L B4 0 i A E T R
FERF 7€ S IUREE 2 rh 1 32 AR FH10] [11]0 f R i 22 24 o8 (Rt 1 AR A L L B2 440 AT 23 P S R PO AL
PRERPE[ 1] RIRRABRWIRAE LKL, MBI s E Mg, WSS iEss8]. mEmE
5 MIEEE, BPAGT ML & F I ELEAH TLAF H R R X SR B i, AR A -5 22 R 240 g o 1)
WIREBE[12]0 f B AR sk = A B = SRR R FoB A, IR LR ATRE, AU i 2
AZZRREIIESR[11] [13]. K8/18 #E3fJm, JURN b R 4 AL 2R o R AR RIE RS AR 2R S 5 14]. X T
FERLH], A WHFORBUA R FE I UL PRC-a HOME T QI Bk BERE R AL ORASEMFRI[15], £ 55—k
RIS EE K1 8 K10 SR #/ BRERELH HRLER R0 B BAPRIAE /N 16].

2.2. FInLARRAYIEIE. ERIFETTWL

AEAMBE S ESIS SN, AEAMKKSSERR AR TraEs, 21, W
O @GR R T TR A A o ARYE A A, 20 BRI Bl AN S5 14 A ] B B A i B R
(9] A8 T R 2% ) 2H R 0 2 e FE BN AS I, HL 23 0 i) ) B 1 I 448 000 2 52— R 1 R 3% 5 ) e B0 HE A 2R
WA

T T B R R 2R AL B 1R )5 15 1 (Post-translation modifications, PTMs), PTMs GEf% 51 £ 2 [ M 45 11
AR S BRI S, G S A S E A A EAEA . MEEZ 2 PTMs 1%, W
1k, O-FEFEAk, 72 24k, LWL, TEkAL, SUMO B ik RIZ SEFE R (9] [17]. BRI BT T 12 1K PTM,
KB BERR AL SUAL TSk RSk P IR 22 IR RIS, o W E 25 A4k 1 T U R e 2t 2 A B 1 I B R AL
PLR[9]. 2RSS AEANBRIL, 08 p38 LR RIS E A BEEMAPK), cAMP &M & (T
(PKA), Ca™ ##ilt 8 (¥ (PKC), 518 8 A #i It 2 B 1T (CAMK D), ZZR/7F 2 RIEHE(AKT),
P90 HHER R 9 S6 B4 1 (RSK1), FXEE IR Ia (CK-Ia), Src #FEEE[18]. A5 ABRRILK— EHET)
RE IGO0 A 2R (VA RIE, ol R AR LR M E 4 . Holle 2 N\ —Rfliid TF B4LE0 A 52005 40 HES A
SERE RIE FEAIE B A 2R (1 B R A4 v 52 M 4T i 6 AT IS IR RS B 1 0 22 ) L 4H R 5 4 T4 i iE )
PE, ATIAEZH AL RE W PR . B BRI I i LA SR 7 [\1[19]. BbAh, MEEE ) PTMs X #2001 i
FIH G L AR AR L, AT 5 M 200 B ) 23 B, K PR D 2 B o

Bk PTMs 4, ff1 8 (-5 HoAh A 5 1A ELVE F A 6 U8 19 25 105 D 28 1 B HE[20] o BRE R 11 S0 6 R 53 9
& . Epiplakin 252 &R (LM EZRFITHZ —. PSR EUZ LRI ARG 4y, B nl LOEB R4
AEH, M2AER2]]. MEEARTASFEREAMEEL[22]. 2R LY, Epiplakin 322
5 K17 #HEAEH , 1IX R 7545 10 /@4 #A 18] Epiplakin 7] G864 B T4 23/ & A 2% 23] BRItk 2 #F FAMS3H.
Fi% B LS 1o (CK-1o) FEABEL A Hsp27 S5 /N3 1o (et n] L3d ik 2 7 93 AH B FH S0 B 103 ) 4%
MBS ZH[24] [25]-

23. AERNIELREYFETEE

H—, MEANZMAES SHRAT IR, ERIMIEN LT K8-KI18 fii# [ X fRIA I AEiE
Tk 55 R R A5 5 AT ORGP b R 40, 4% TNF-o M1 Fas [8]. BT AEEE B PIER:E
MR AT, N E AR 5 AE R A MO NS N P 78 A7 20 “ R 0H 5 e 2 {200t R 21 U 7 5%
3[26]» I FRAZ P AN R A PR AL ORI DR AW A T 10 K18 M7, AT ) K8-K18 £EH T3
FErp T AL AL, SR A ERBE[27]. CD205 M FE40 A b B A HUJR S 36 ThRE 1 Py 7 52 1,
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LA pH A 7 AR B T SR AR ZEAN A s AR FTIER K1, K9, K10 fi1 K2 5& CD205 fIficis, @idiZ
FAELAE AT LUK £ 2R A T8 T AR ZE40 B fOAR i CAZE R T pH R 4 e SE4iu28]. =, AARAKSYS
R AT . 7 A AN B REAH i U 52 B K8-K18 5 14-3-3 £& [ (I B Ak A M AH ELAE FH
YT Y AR 00 R 8]0 7 R RS 1 L 2 1) A I TV R4t i B L JE AR B FR At i b R I K17 5 14-3-3 TR
FEAER AT EAR A RK29]. K=, AEASSRER NS RN RIESH0E. K17 £ %
SR G928 S B (R ) Rk i EEAE A, X9 & K17 5 5 A% & (1 (hnRNP K)RITE & %% 181557
(AIRE)[MJAHHEAEF[30] [31]. Toivola SFUEBH | %2 FIHEME /N BUH4HE Y K8 Bk K18 Hsk k{2 itk N Ht
LR RLR B S PRI [32] . Chan S5 F0 K B2 25 -5 A4 0 T3 8000 K6a 41 /2 B2 JH AURK IS | iz 48
JELF BT R [ S [33 ]

HU, MEOESE FRARER RN X —1F 0 40 7 25 1 52 0 5 1 1 OGRS 51 5
THIREIMEE Ao K6 &— M iESIMEN, CBIEES Src MEEER R MBI H ELAEF 5 181 K
M 240 L 5 JO R B P 6 7 1 7 71 S0 IS4t LT #8 bl BRI [34]. 5, AR AN TR ANRES A E
BUER . Helenius 55 N R I K8 Fe A/ B AU S5 A HMGCS2 (Zekifhss 1B I Bt A &85 2) T
VB, &5t i e = AU OGSl i) R B R, R A B e T A I AR AR S R EEAEH35]. S —
TSI A T8 1 A o R JB R S B 2 o o VB AEA R, FEREIRYE B4 22 (STZ) 155 5 RO B PRos A= E A Bk SR
ANERH, K8 R T B I IWE KT AR, 81 260 W i 2 R R B 2 R P T, 3 2 R R 5 2R A R
UL R SRR B 25 & BRI 7E K8 MR B AR, &1 HE AL I8 5L 1 2 (Glut2) e A B 25 JE I T A5 1
WK [36].Kerns Z5 (IR 7 8 B K16 Al fEilid 4% A1 B2 M5 1 2 (Nef2) B S 4k 70048 Ok H Ak 22 18] 1) 1F Je
ot [ B R T Nrf2 5, TR S5 AR S URE[37 ]

3. AEBAEERERMBEETRIE

FAEAERNPREZRERT. EMEREIEFAEAIATERE, e LEMRLEE e
B Bt s RIS [F R e e A BRI [6]0 W SCAITAR A 8 8 T AR I~1D 28 e 54, AN [ R Y 1 | R 4
Ji 23K 1 A B 6 LA R A [ 1] K8-K8 TE V2 ] 1R b Je 4 M Ay j 17 32 B2 A1 B 6T - K5-K 14
FE5 I ISR b B A0 M P i R R M R N, AEE AR b RORTIR b e 2H 2 BE AN UL E B 4 it A 3R
K380 b B AT LS H A R R BT 0 2. AR BRI R AL RS I R b, i 4 4E R A R G
FakrReE e FRVEMR . CF B 40 MR gk R R nT i I L b R A R PR A AT e, ]
PLX AN FR B MR . BT MR E S RIEs, B4 K5, K7, K8, K18, K19 il K20 7£ A )2 Fi ffi
HETERE 1 R VL R 2 Wb B 2SO, Rl R AERS A 0 AR A M i . 42 1 BT
ANRIZH G Bt 7 e v = 22 A B I SR IA B e

Table 1. Keratin expression in normal tissues and cancers

#* 1. AEREAREARMEPRIRE

HR fAEARE i fAEARE
JlEk= K7, K8, K18, K19, K20 JilEREg ) K7, K8, K18, K19, K20
K19 (A 4Hfi)
fii K7, K8, K18 (JE4if) it e K7, K8, K18, K19
K5, K6, K14, K17 FEE41A0)
JRE K8, K18 JiE K7, K8, K18, K19, K20
K7, K8, K18, K19
B e A PR i - 7 K5, K13, K14, K17 GEE41iE) AT AN s K5, K7, K8, K18, K19, K20

K13 (1141 )
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Continued
o K6, K8, K18, K19 (k) o e
5 K5, K14 GLRAIH) IR K5, K6, K7, K8, K14, K17, K18, KI9
K14, K19 (ZE4Mi) FAL R BIRIR AT W K4, K5, K6, K7, K8, K10, K13,
=5 K10, K13 (RARAmA) U K14, KI5, K16, K17, KI8, K19
e K7, K8, K18, K19 (HiR4H)) .
K7, K8, Kl4, K17, K18, K19 (fi&&4H) Rl K7, K8, K14, K17, K18, KI9
217 K8, K18, K19, K20 2 g e K7, K8, K18, K19, K20
B K8, Ki8 3% RA 41 it e K8, K18, K19
K7, K8, K18, K19 (i ¥ /NE4ui) FLRR B A s K7, K8, K18, K19
I £ 41 K7, K8, K18, K19
IS K7, K8, K18, K19 NEN K7, K8, K18, K19
fEARAR AN : K8, K18
i Wil K4, K7, K8, KIS, K19 el s K5, K7, K8, KI8, K19, K20
(K5, K14, K17 i)
o] K5, K7, K8, K18, K19 Jik B 1) iz 8 K5, K7, K8, K18, K19
L K8, K18 (JE4i) " .
! 1| , ,
CIpZll K, K14 CLEA1IR) I 41 i K8, K18, K19
R K5, Kl4, KIS R A K1, K4, K5, K6, K8, K10, K13,
Fe B M2 K1, K2 (B RB 1J2), K14, K15, K16, K17, K18, K19
K9 (FE#RBIKE), K10 ME T RGN e K8, K18, K19, K20
= K8, K18, K19 B My K7, K8, K18, K19, K20

T HRAME S5 IR [39] 2211

4. AEREAMERSYNNA

WIRTSCHTIR, 8 RS R4 B AN R 28 1Y (R g hE A ST ik (R AS ] gk Jee ik i oA R e M ek, Tt
K5 AR B 1 A 2 R R A0 2R R 20 B (CTC) 1) 45 e Ar BB B F FIPR, E0HG FLARIE[40], i e
[41], AUAIBRAR[42]5 . FERS S0t b M 2 R AR SR R IR, REfS PR %88 S I s BB 0
(Y1 D — FhoRE 8 () 1 B B RIS 2 A 2 Pl iE T, LB I i 75 2250 2 1 % B IR k. 70 DL &
e 1) R P S o A TR B2 T, - A 2 A0 P b R A SR A P T (4310 AT FH 2 1)
Sl AR K8, K18 Al K19 FRES MEPUAAREAT o )% 20 B AL 24 A6 00 AN T 45 8 S R [44] [45]. BRIt Z AMEF
Xf K7, K20, K14 #1 K5/6 e EHuA WA RS EME, Chu Fi1E4H2504 T K5/6, K7, K8/18,
K14, K19 1 K20 7EAS [ i 8g P9 i 205 22 5 [45]. K14 K5 M K20 HI5: 1 A5 2 ] 4F g s 33 % Fo firk g
Sy E RS ) CTCs Ar&d[46]. fEXT RN itRE CTCs I, 45 M & A FIA 9 HT 5 HER3 Al EGFR
RIKHTEES, BEXT IR 0 i R At 0T, 0 e el JEC At i 2 A% 638 1 40 Wt LA I 0 A0 R 1 [471
CD44 CK'f¥] CTCs J& DTCs (' fi - i e 4 i ) =& 15 g S0 BT R 15 R R [48 ]

£ A A N I R bR S TR ER I . i SR AR A YA S H R e RN AEA
FBL IFH A E e B IE R BT AT H K8, K18 f1K19 fIfk. TPA, TPS Al CYFRA 21-1 A&
BT MR FEA I =M B A E AR R 48, TPA (Tissue Polypeptide Antigen, ZHZRZ BEHiE)2—
R REI, ATAS I A AR K8, K18 M1 K19, 1 TPS (Tissue Polypeptide Specific, 4121 % k4= LR
F1 CYFRA21-1 (cytokeratin 19 fragment, IfiLiFF K19 B Bt) 730 F TR0 K18 F1 K19 [40]. TPA £l TPS C.7E
FUIE, e, OPEE, S 2 R Y (e AR M AR 10449 [50]. K18 RI{E AR/
Jf it 5 w2 B B S AR S5 1] M B A1y 14 K5 S K18 B M30 7EREAE AR TT AR
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BRSZ TN R -5 M30 /KPS AR L4552 RAHOC, TEAT AR 238 PR, H220897 14 RIGNE#H
M30 ALK 759 U/L FEAIKE 90 U/L, HERNZ# M30 HRAL 30KV i 2257 U/L B#{K% 421 U/L, P 1
HYAITHT 0.102 8 NIAIT G 0.002 [52]. CYFRA21-1 F 5 FHF i F1 k3 . — 5% Meta 70 HriEm T
CYFRA21-1 fEE/NH i (NSCLC) H i) AT 45 R b AT BRI MR I [53]. 9 T 40 B £ 28 7K A
S TR 224 L BRI AR RS A 2 R e IO P4 AR B BRI BE (391

AL — WU TR T —Fh S B TR e LR, v T A AL 2 S ) i B4 K17 FE NI AE
YIbs &N, KTtk Py A bR S A I B AT R [54]. 5 T A A A 5 N L8 MALDI-MSI
HILC-MS/MS 1E A3k 3 AR AR B R DL T H, n) %5 4 /R Dy bR e A e A3 1 2H 2R o AR
e Vo VR U  vh 11 L AR 2 VS MR AR BRI 25058 AR, BEREAE S 1 /K B AT AL ZUE K DU R 8 B
A AG[55]0 ERSR 2 BRI N ARCR B35 T IR PRAS I 2B FB, R 0 A B AR I Y B
771w .

5. R4

LN = 2ER, BES T HEARMIED, N & A KT AR A BRN . W72k,
A5 Ty RE B R S S5 T DG S I EAT T R GERHA, E I AR AR S E MR T 2 T )
PRI . BIEE, AAEMEARRIERE RS 5E 5 ES T ERNRIA A L. AR
JiiE, A SRR AR R R R A PRI, 2 IR A R AR R SRR, R
AT R B ST P AT, 4R SR 0 TS AT SR S ok R S R A, SRR AR A
PRARE R

SE

[1] Harvey Lodish, A., Lawrence Zipursky, S., Matsudaira, P., et al. (2000) Molecular Cell Biology. 4th Edition, Springer,
Berlin.

[2] Schweizer, J., Bowden, P.E., Coulombe, P.A., et al. (2006) New Consensus Nomenclature for Mammalian Keratins.
Journal of Cell Biology, 174, 169-174. https://doi.org/10.1083/jcb.200603161

[3] Bragulla, H.H. and Homberger, D.G. (2009) Structure and Functions of Keratin Proteins in Simple, Stratified, Kerati-
nized and Cornified Epithelia. Journal of Anatomy, 214, 516-559. https://doi.org/10.1111/.1469-7580.2009.01066.x

[4] Kurokawa, 1., Takahashi, K., Moll, I. and Moll, R. (2011) Expression of Keratins in Cutaneous Epithelial Tumors and
Related Disorders-Distribution and Clinical Significance. Experimental Dermatology, 20, 217-228.
https://doi.org/10.1111/5.1600-0625.2009.01006.x

[S1 Pan, X., Hobbs, R.P. and Coulombe, P.A. (2013) The Expanding Significance of Keratin Intermediate Filaments in
Normal and Diseased Epithelia. Current Opinion in Cell Biology, 25, 47-56. https://doi.org/10.1016/j.ceb.2012.10.018

[6] Peiguo, G.C., Sean, K.L. and Lawrence, M.W. (2009) Keratin Expression in Endocrine Organs and Their Neoplasms.
Endocrine Pathology, 20, 1-10. https://doi.org/10.1007/s12022-009-9061-7

[7] Haines, R.L. and Lane, E.B. (2012) Keratins and Disease at a Glance. Journal of Cell Science, 125, 3923-3928.
https://doi.org/10.1242/j¢s.099655

[8] Justin, T.J., Pierre, A.C., Raymond, K. and Bishr, M.O. (2018) Types I and II Keratin Intermediate Filaments. Cold
Spring Harbor Perspectives in Biology, 10, a018275. https://doi.org/10.1101/cshperspect.a018275

[9]1 Fanny, L., Kristin, S., Jamal, E.B. and Thomas, M.M. (2015) Regulation of Keratin Network Organization. Current
Opinion in Cell Biology, 32, 56-65. https://doi.org/10.1016/j.ceb.2014.12.006

[10] Ramms, L., Fabris, G., Windoffer, R, et al. (2013) Keratins as the Main Component for the Mechanical Integrity of
Keratinocytes. Proceedings of the National Academy of Sciences of the United States of America, 110, 18513-18518.
https://doi.org/10.1073/pnas.1313491110

[11] Seltmann, K., Fritsch, A.W., Kas, J.A. and Magin, T.M. (2013) Keratins Significantly Contribute to Cell Stiffness and
Impact Invasive Behavior. Proceedings of the National Academy of Sciences of the United States of America, 110,
18507-18512. https://doi.org/10.1073/pnas. 1310493110

DOI: 10.12677/pi.2020.93017 122 2T


https://doi.org/10.12677/pi.2020.93017
https://doi.org/10.1083/jcb.200603161
https://doi.org/10.1111/j.1469-7580.2009.01066.x
https://doi.org/10.1111/j.1600-0625.2009.01006.x
https://doi.org/10.1016/j.ceb.2012.10.018
https://doi.org/10.1007/s12022-009-9061-7
https://doi.org/10.1242/jcs.099655
https://doi.org/10.1101/cshperspect.a018275
https://doi.org/10.1016/j.ceb.2014.12.006
https://doi.org/10.1073/pnas.1313491110
https://doi.org/10.1073/pnas.1310493110

PUEEIE

[12]

[13]

(14]

[15]

[16]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Chung, B.M., Rotty, J.D. and Coulombe, P.A. (2013) Networking Galore: Intermediate Filaments and Cell Migration.
Current Opinion in Cell Biology, 25, 600-612. https://doi.org/10.1016/j.ceb.2013.06.008

Seltmann, K., Roth, W., Kroger, C., Loschke, F., Lederer, M., Huttelmaier, S. and Magin, T.M. (2013) Keratins Me-
diate Localization of Hemidesmosomes and Repress Cell Motility. Journal of Investigative Dermatology, 133, 181-190.
https://doi.org/10.1038/jid.2012.256

Fortier, A.M., Asselin, E. and Cadrin, M. (2013) Keratin 8 and 18 Loss in Epithelial Cancer Cells Increases Collective
Cell Migration and Cisplatin Sensitivity through Claudinl Up-Regulation. The Journal of Biological Chemistry, 288,
11555-11571. https://doi.org/10.1074/jbc.M112.428920

Kroger, C., Loschke, F., Schwarz, N., Windoffer, R., Leube, R.E. and Magin, T.M. (2013) Keratins Control Intercellu-
lar Adhesion Involving PKC-Alpha-Mediated Desmoplakin Phosphorylation. Journal of Cell Biology, 201, 681-692.
https://doi.org/10.1083/jcb.201208162

Wallace, L., Roberts-Thompson, L. and Reichelt, J. (2012) Deletion of K1/K10 Does Not Impair Epidermal Stratifica-
tion But Affects Desmosomal Structure and Nuclear Integrity. Journal of Cell Science, 125, 1750-1758.
https://doi.org/10.1242/jcs.097139

Snider, N.T. and Omary, M.B. (2014) Post-Translational Modifications of Intermediate Filament Proteins: Mechanisms
and Functions. Nature Reviews Molecular Cell Biology, 15, 163-177. https://doi.org/10.1038/nrm3753

Hyun, J.K., Won, J.C. and Chang, H.L. (2015) Phosphorylation and Reorganization of Keratin Networks: Implications
for Carcinogenesis and Epithelial Mesenchymal Transition. Biomolecules & Therapeutics, 23, 301-312.
https://doi.org/10.4062/biomolther.2015.032

Holle, A.W., Kalafat, M., Ramos, A.S., Seufferlein, T., Kemkemer, R. and Spatz, J.P. (2017) Intermediate Filament
Reorganization Dynamically Influences Cancer Cell Alignment and Migration. Scientific Reports, 7,45152.
https://doi.org/10.1038/srep45152

Windoffer, R., Beil, M., Magin, T.M. and Leube, R.E. (2011) Cytoskeleton in Motion: The Dynamics of Keratin In-
termediate Filaments in Epithelia. Journal of Cell Biology, 194, 669-678. https://doi.org/10.1083/jcb.201008095

Bouameur, J.E., Schneider, Y., Begre, N., ef al. (2013) Phosphorylation of Serine 4642 in the C-Terminus of Plectin by
MNK?2 and PKA Modulates Its Interaction with Intermediate Filaments. Journal of Cell Science, 126, 4195-4207.
https://doi.org/10.1242/jcs. 127779

Liu, Y.H., Cheng, C.C., Ho, C.C., et al. (2011) Plectin Deficiency on Cytoskeletal Disorganization and Transformation
of Human Liver Cells in Vitro. Medical Molecular Morphology, 44, 21-26. https://doi.org/10.1007/s00795-010-0499-y

Bouameur, J.E., Favre, B. and Borradori, L. (2014) Plakins, a Versatile Family of Cytolinkers: Roles in Skin Integrity
and in Human Diseases. Journal of Investigative Dermatology, 134, 885-894. https://doi.org/10.1038/jid.2013.498

Kuga, T., Kume, H., Kawasaki, N., et al. (2013) A Novel Mechanism of Keratin Cytoskeleton Organization through
Casein Kinase lalpha and FAMS83H in Colorectal Cancer. Journal of Cell Science, 126, 4721-4731.
https://doi.org/10.1242/jcs. 129684

Kayser, J., Haslbeck, M., Dempfle, L., et al. (2013) The Small Heat Shock Protein Hsp27 Affects Assembly Dynamics
and Structure of Keratin Intermediate Filament Networks. Biophysical Journal, 105, 1778-1785.
https://doi.org/10.1016/1.bpj.2013.09.007

Toivola, D.M., Strnad, P., Habtezion, A. and Omary, M.B. (2010) Intermediate Filaments Take the Heat as Stress Pro-
teins. Trends in Cell Biology, 20, 79-91. https://doi.org/10.1016/j.tcb.2009.11.004

Weerasinghe, S.V., Ku, N.O., Altshuler, P.J., Kwan, R. and Omary, M.B. (2014) Mutation of Caspase-Digestion Sites
in Keratin 18 Interferes with Filament Reorganization, and Predisposes to Hepatocyte Necrosis and Loss of Membrane
Integrity. Journal of Cell Science, 127, 1464-1475. https://doi.org/10.1242/jcs.138479

Cao, L., Chang, H., Shi, X., Peng, C. and He, Y. (2016) Keratin Mediates the Recognition of Apoptotic and Necrotic
Cells through Dendritic Cell Receptor DEC205/CD205. Proceedings of the National Academy of Sciences of the Unit-
ed States of America, 113, 13438-13443. https://doi.org/10.1073/pnas.1609331113

Cheng, F. and Eriksson, J.E. (2016) Intermediate Filaments and the Regulation of Cell Motility during Regeneration
and Wound Healing. Cold Spring Harbor Perspectives in Biology, 9, a022046.
https://doi.org/10.1101/cshperspect.a022046

Chung, B.M., Arutyunov, A., Ilagan, E., Yao, N., Wills-Karp, M. and Coulombe, P.A. (2015) Regulation of C-X-C
Chemokine Gene Expression by Keratin 17 and hnRNP K in Skin Tumor Keratinocytes. Journal of Cell Biology, 208,
613-627. https://doi.org/10.1083/jcb.201408026

Hobbs, R.P., DePianto, D.J., Jacob, J.T., Han, M.C., Chung, B.M., Batazzi, A.S., Poll, B.G., Guo, Y., Han, J., Ong, S.,

et al. (2015) Keratin-Dependent Regulation of Aire and Gene Expression in Skin Tumor Keratinocytes. Nature Genet-
ics, 47, 933-938. https://doi.org/10.1038/ng.3355

DOI: 10.12677/pi.2020.93017 123 2T


https://doi.org/10.12677/pi.2020.93017
https://doi.org/10.1016/j.ceb.2013.06.008
https://doi.org/10.1038/jid.2012.256
https://doi.org/10.1074/jbc.M112.428920
https://doi.org/10.1083/jcb.201208162
https://doi.org/10.1242/jcs.097139
https://doi.org/10.1038/nrm3753
https://doi.org/10.4062/biomolther.2015.032
https://doi.org/10.1038/srep45152
https://doi.org/10.1083/jcb.201008095
https://doi.org/10.1242/jcs.127779
https://doi.org/10.1007/s00795-010-0499-y
https://doi.org/10.1038/jid.2013.498
https://doi.org/10.1242/jcs.129684
https://doi.org/10.1016/j.bpj.2013.09.007
https://doi.org/10.1016/j.tcb.2009.11.004
https://doi.org/10.1242/jcs.138479
https://doi.org/10.1073/pnas.1609331113
https://doi.org/10.1101/cshperspect.a022046
https://doi.org/10.1083/jcb.201408026
https://doi.org/10.1038/ng.3355

PUEEIE

[32]

[33]

[34]

[33]

[47]

(48]

[52]

[53]

Toivola, D.M., Habtezion, A., Misiorek, J.O., et al. (2015) Absence of Keratin 8 or 18 Promotes Antimitochondrial
Autoantibody Formation in Aging Male Mice. The FASEB Journal, 29, 5081-5089.
https://doi.org/10.1096/1].14-269795

Chan, J.K.L., Yuen, D., Too, P.H., et al. (2018) Keratin 6a Reorganization for Ubiquitin-Proteasomal Processing Is a
Direct Antimicrobial Response. Journal of Cell Biology, 217, 731-744. https://doi.org/10.1083/jcb.201704186

Rotty, J.D. and Coulombe, P.A. (2012) A Wound-Induced Keratin Inhibits Src Activity during Keratinocyte Migration
and Tissue Repair. Journal of Cell Biology, 197, 381-389. https://doi.org/10.1083/jcb.201107078

Helenius, T.O., Misiorek, J.O., Nystrom, J.H., et al. (2015) Keratin 8 Absence Down-Regulates Colonocyte HMGCS2
and Modulates Colonic Ketogenesis and Energy Metabolism. Molecular Biology of the Cell, 26,2298-2310.
https://doi.org/10.1091/mbc.E14-02-0736

Alam, C.M., Silvander, J.S., Daniel, E.N., ef al. (2013) Keratin 8 Modulates Beta-Cell Stress Responses and Normog-
lycaemia. Journal of Cell Science, 126, 5635-5644. https://doi.org/10.1242/jcs.132795

Kerns, M.L., Hakim, J.M., Lu, R.G., ef al. (2016) Oxidative Stress and Dysfunctional NRF2 Underlie Pachyonychia
Congenita Phenotypes. Journal of Clinical Investigation, 126, 2356-2366. https://doi.org/10.1172/JCI84870

Karantza, V. (2011) Keratins in Health and Cancer: More than Mere Epithelial Cell Markers. Oncogene, 30, 127-138.
https://doi.org/10.1038/0nc.2010.456

Stefan, W., Laura, K. and Klaus, P. (2019) Epithelial Keratins: Biology and Implications as Diagnostic Markers for
Liquid Biopsies. Molecular Aspects of Medicine, 72, Article ID: 100817. https://doi.org/10.1016/j.mam.2019.09.001

Cristofanilli, M., Pierga, J.Y., Reuben, J., ef al. (2019) The Clinical Use of Circulating Tumor Cells (CTCs) Enumera-
tion for Staging of Metastatic Breast Cancer (MBC): International Expert Consensus Paper. Critical Reviews in On-
cology/Hematology, 134, 39-45. https://doi.org/10.1016/j.critrevonc.2018.12.004

Effenberger, K.E., Schroeder, C. and Hanssen, A. (2018) Improved Risk Stratification by Circulating Tumor Cell
Counts in Pancreatic Cancer. Clinical Cancer Research, 24, 2844-2850.
https://doi.org/10.1158/1078-0432.CCR-18-0120

Hille, C. and Pantel, K. (2018) Prostate Cancer: Circulating Tumour Cells in Prostate Cancer. Nature Reviews Urology,
15, 265-266. https://doi.org/10.1038/nrurol.2018.25

Chu, P.G. and Weiss, L.M. (2002) Keratin Expression in Human Tissues and Neoplasms. Histopathology, 40, 403-439.
https://doi.org/10.1046/j.1365-2559.2002.01387.x

Bednarz-Knoll, N., Alix-Panabieres, C. and Pantel, K. (2011) Clinical Relevance and Biology of Circulating Tumor
Cells. Breast Cancer Research, 13, 228. https://doi.org/10.1186/bcr2940

Sharma, P., Alsharif, S., Fallatah, A. and Chung, B.M. (2019) Intermediate Filaments as Effectors of Cancer Develop-
ment and Metastasis: A Focus on Keratins, Vimentin, and Nestin. Cells, 8, E497. https://doi.org/10.3390/cells8050497

Luis, L., Manuel, N., Marta, 1.O., et al. (2017) Sialyl-Tn Identifies Muscle-Invasive Bladder Cancer Basal and Luminal
Subtypes Facing Decreased Survival, Being Expressed by Circulating Tumor Cells and Metastases. Urologic Oncology:
Seminars and Original Investigations, 35, 675.e1-675.¢8. https://doi.org/10.1016/j.urolonc.2017.08.012

Heather, S., Annkathrin, H., Sonja, L., ef al. (2019) EGFR and HER3 Expression in Circulating Tumor Cells and Tu-
mor Tissue from Non-Small Cell Lung Cancer Patients. Scientific Reports, 9, 7406.
https://doi.org/10.1038/s41598-019-43678-6

Antoni, S., Marek, S., Grazyna, D., et al. (2018) CD44+ Cytokeratin-Positive Tumor Cells in Blood and Bone Marrow
Are Associated with Poor Prognosis of Patients with Gastric Cancer. Gastric Cancer, 22, 264-272.
https://doi.org/10.1007/s10120-018-0858-2

Ahn, S.K., Moon, H.G., Ko, E., ef al. (2013) Preoperative Serum Tissue Polypeptide-Specific Antigen Is a Valuable
Prognostic Marker in Breast Cancer. International Journal of Cancer, 132, 875-881. https://doi.org/10.1002/ij¢.27727

Barak, V., Goike, H., Panaretakis, K.W. and Einarsson, R. (2004) Clinical Utility of Cytokeratins as Tumor Markers.
Clinical Biochemistry, 37, 529-540. https://doi.org/10.1016/j.clinbiochem.2004.05.009

Nanou, A., Coumans, F.A.W., van Dalum, G., et al. (2018) Circulating Tumor Cells, Tumor-Derived Extracellular Ve-
sicles and Plasma Cytokeratins in Castration-Resistant Prostate Cancer Patients. Oncotarget, 9, 19283-19293.
https://doi.org/10.18632/oncotarget.25019

Michael, N., Julia, S., Annett, M., et al. (2018) Cytokeratin-18 Fragments Predict Treatment Response and Overall
Survival in Gastric Cancer in a Randomized Controlled Trial. Tumor Biology, 40, 1-8.
https://doi.org/10.1177/1010428318764007

Holdenrieder, S., Wehnl, B. and Hettwer, K. (2017) Carcinoembryonic Antigen and Cytokeratin-19 Fragments for As-
sessment of Therapy Response in Non-Small Cell Lung Cancer: A Systematic Review and Meta-Analysis. British
Journal of Cancer, 116, 1037-1045. https://doi.org/10.1038/bjc.2017.45

DOI: 10.12677/pi.2020.93017 124 2R


https://doi.org/10.12677/pi.2020.93017
https://doi.org/10.1096/fj.14-269795
https://doi.org/10.1083/jcb.201704186
https://doi.org/10.1083/jcb.201107078
https://doi.org/10.1091/mbc.E14-02-0736
https://doi.org/10.1242/jcs.132795
https://doi.org/10.1172/JCI84870
https://doi.org/10.1038/onc.2010.456
https://doi.org/10.1016/j.mam.2019.09.001
https://doi.org/10.1016/j.critrevonc.2018.12.004
https://doi.org/10.1158/1078-0432.CCR-18-0120
https://doi.org/10.1038/nrurol.2018.25
https://doi.org/10.1046/j.1365-2559.2002.01387.x
https://doi.org/10.1186/bcr2940
https://doi.org/10.3390/cells8050497
https://doi.org/10.1016/j.urolonc.2017.08.012
https://doi.org/10.1038/s41598-019-43678-6
https://doi.org/10.1007/s10120-018-0858-2
https://doi.org/10.1002/ijc.27727
https://doi.org/10.1016/j.clinbiochem.2004.05.009
https://doi.org/10.18632/oncotarget.25019
https://doi.org/10.1177/1010428318764007
https://doi.org/10.1038/bjc.2017.45

PUEEIE

[54] Clotilde, R., Médéric, L., Jean-Charles, L., et al. (2017) Cancer Biomarker Sensing Using Packaged Plasmonic Optical
Fiber Gratings: Towards in Vivo Diagnosis. Biosensors and Bioelectronics, 92,449-456.
https://doi.org/10.1016/j.bios.2016.10.081

[55] Franziska, H., Claudia, U., Thomas, K., et al. (2019) Identification of Proteomic Markers in Head and Neck Cancer
Using MALDI-MS Imaging, LC-MS/MS, and Immunohistochemistry. Proteomics Clinical Applications, 13, Article
ID: 1700173. https://doi.org/10.1002/prca.201700173

DOI: 10.12677/pi.2020.93017 125 2R


https://doi.org/10.12677/pi.2020.93017
https://doi.org/10.1016/j.bios.2016.10.081
https://doi.org/10.1002/prca.201700173

	The Functions and Applications of Epithelial Keratins in Normal Tissues and Tumors
	Abstract
	Keywords
	上皮角蛋白在正常组织和肿瘤中的功能及检测应用
	摘  要
	关键词
	1. 角蛋白概述
	2. 角蛋白生物学功能
	2.1. 稳定细胞结构，维持细胞机械强度
	2.2. 影响细胞的增殖、运动等动态变化
	2.3. 角蛋白的非经典生物学功能

	3. 角蛋白在正常组织和癌症中表达
	4. 角蛋白作为肿瘤标志物的应用
	5. 总结
	参考文献

