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Clinical Significance of Fecal Calprotectin in Ulcerative Colitis with Different Chinese Medicine
Syndromes FAN Yi-hong, HE Yao-er, CHEN Fang, and LV Bin Department of Gastroenterology,
First Affiliated Hospital of Zhejiang Chinese Medical University, Hangzhou (310006 )

ABSTRACT Objective To evaluate the clinical significance of fecal calprotectin (FC) in ulcera-
tive colitis (UC) patients with different TCM syndromes. Methods Totally 143 UC patients (as the UC
group) and 108 subjects with non-IBD gastrointestinal abnormality such as IBS, functional constipation
(as the control group) were enrolled. FC concentrations were measured with single-blind ELISA. Clinical
activity grading, endoscopic scoring and TCM syndrome differentiation were performed in the UC group.
The correlation analysis between FC and clinical activities/endoscopic scoring of different syndrome
types were evaluated. Meanwhile,the significance of FC in diagnosis of clinical disease activity and endo-
scopic mucosal healing was evaluated. Results The FC concentration was significantly higher in active
UC patients than in relief UC patients and the control group (P <0.05). Among different syndromes, FC
level was the highest in patients with Pi-Shen yang deficiency syndrome, but with no statistical difference
as compared with other syndrome types (P >0.05). FC was positively correlated with clinical activities
grading and endoscopic scores (r =0. 670 or 0. 592 respectively, P <0.05). Among different syndromes,
FC level was the most related to clinical activities grading in patients with excessive toxic heat syndrome,
FC level was the most related to endoscopic scores in patients with Pi-Shen yang deficiency syndrome.
Using a ROC curve, we attempted to determine the best cut-off value of FC to detect clinical activity and
mucosal healing. The area under the ROC curve (AUC) to predict clinical activity and mucosal healing
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was 0. 830 and 0. 839 respectively. The best cut-off point to detect clinical activity and mucosal healing

was 164. 0 ng/g and 154. 5 pg/g respectively. Moreover, FC showed highest value of judging clinical activ-

ity and mucosal healing in Pi-Shen yang deficiency syndrome patients, AUC were 0.928 and 0. 903 re-

spectively. Conclusions

FC concentration could relevantly reflect clinical activity and mucosal healing in

patients with UC, especially in those with Pi-Shen yang deficiency syndrome. It could be used inclinical

assessment and efficacy evaluation of traditional Chinese medicine.

KEYWORDS

T ESE 798 (ulcerative colitis, UC) #i 16 3l
PR W AR T RO EE 2, R AR R S E
fits B N MAH A H G HE . BRGNS
WA RS s N B T G4l 2, (H)E TR AR
B RE R, AR, BT AR A S
SR T EWNAMEE B2 0, HER R PRI IR
FRST Iy SRR (Dt sl 24 ) ROl , DT ol B Hip
UC 13697 Hbno BRI, Il PR b ik — R AR AR
PR RE PR | ] (5 b A 17 S RE P N BE T IR A A 1Y
B0l 2845 LA H (fecal calprotectin, FC) &5 . 4
S5 N TEAIE RSP SIS AT DA R AR 8 Ak
A B RIR . LA, FC A b —FhaE iR AtESR
FREEIZ I S H02 W W s 1 Bl | T 52 A | I e
TRITRICRAE 7 A (ELBR R 857 B DG . AR5k
ELISA 4G UC K AR 2 e M i I 1E 4141 Hh FC 1Y
K, BIEIRD FC SR EIER! UC B im RS 3l
FERINGEPE o BRI , B AR JA T I DR 3% 2 286 s
AHEINE, A UC BIAREHEIRIRY T PR UK .

RRETE

1 2WibsifE UC 1212 B3R B RAE M % 12
Wi 53607 M AR L (2012 - UMD YR E I
SRR Z BB TS I R P R ES G2 T iR M
(FZ2)) L AEJS S M I 38 5 A0 35 1 5 i 5 B A
(I1BS) Fnujget:Afs , oz Wi S 8% 5 2 Wibr i .

2 AN HEBRARE  ASRUE: 2T S UC,
IBS FNIIREMEME A2 Wikr i s A JE S AR 8+ 21T
AN R HEBRARE - A 45 96 b T Sk
I 2 5 B R GEVELLBEARAE It e M I A5 AR 55 KU 2
PRI s DRSS T AR VIR s 2 5 KD A S 2%
PUR 2yl fit P At AT 585 | B2 7 1 98 i [ g S8 5 0 10
DA BRI R 95 5 EE A o

3 — R 49 A 2015 4£5 H—2016 4E
12 H ] P B 25 K 2= [ 25 BBk i2 B Ui i
UC #54 143 5, 14k 80 7], &Pk 63 fil, -4 21 ~
78 % ,F-1(43.64 £13.62) & ; IR WHE RAEEN ik

fecal calprotectin; ulcerative colitis; mucosal healing; Chinese medicine syndrome

[ 1B S R W BRZH 108 4], 55 ¢ 47 i, 21k 61
B, 4% 17 ~80 %, 11 (48.53 £16.30) %, X
B H 1BS T REVEMERL . 16 4L B4 W Kk 1AL
MR 2= R TG X (P >0.05)

4 WRITE

4.1 EPHESE UC BE AHNEERS
VegE & PP EE S S T IR R ()Y N 7

T R M 8 AR R | AR 5 7R AL B R TR A R
T JEIAREZR T AR SRS Y S HAth

4.2 RGN R NBEIES  UC 4l A4LiT i
FTE5 IR RS Mayo 43 HEAT I R ) B 43
%, Mayo <2 73 Rn IR M 3 ~5 /RN RIE T
31,6 ~10 43 FR PR, 11 ~12 SRR E ),
FH UC NS ™ & 2 PE 4> (Ulcerative Colitis En-
doscopic Index of Severity, UCEIS) ¥4+ #1714
B VEAL, AR 3 Jr i 4R bR B A TR A (0 ~ 2
o) SRR (0 ~ 3 J3) BB 2 5l 35t 97 (0 ~ 3
57, B0 ~8 43, A SCHRL6 |, AN R IR A
& XK UCEIS 0 43¢ 1 43, H UCEIS 1 43R T i
BB

4.3 FRACREFMKN  Prfi UC BEEITE M
BURIATHT 1 P R IR T AL B 10 ~20 g 2%
fEREAR R ELISA 15 FC ¥ BEAI

5 itk N SPSS 21.0 Gt #k ittt
Geitorbr. THEAUL FC AR AL Uo7 [l BE 42
ZHIA] LR FHAE S 5065 Mann- Whitney U K5, #H
KA 6 K FiSpearman K45, P <0.05 N #ERAH S
R L ROC 4k M £ F i #H (area under
the curve , AUC) Iz {6, #IH] Youden’s 15
B HRIAE cut-off {H, T R,

# R

1 UC BEILASRAE  UC 44T Ik TR 22 fit 1]
49 #i(34.27% ) , (R EEIG 5 46 1](32.17%) , T
TGl 41 191(28.67% ) , HJETH SN 7 411(4.90% ) ;
AT TR AL A B 48 #1(33.57% ), UC 4]



vh | Y P A ik 2018 4F 12 46 38 #4512 I CJITWM, December 2018, Vol. 38, No. 12 -1437-

H ok 7 S 40 ] (28%) , JFAB L KB B 34 15
(24% ) ML 29 151](20% ) , FERAE A4 20 13
(14% ) B FHEE T 11 51 (8% ) , A EE U L 7
(5% ), HoAx 2 643 5 A BA I = 5 78RN A I8 7R

2 KUl FC UL (3£1,2) UC 4 FC ¥
B EE T AL, HAG S FC W BT, 5 S R
W E M AR, ZRA5RITHEX(Z =
3.056, P <0.05) . #UERI 4122 9, 5 BH g 72
i FC ¥ B e, (H 5 HAE Y Lo 45 25 S B4 i
X (P>0.05),

1 AFEIGIRTE SR Z E FC e 45 (ngfg)
FC
2057 s

S R IV Y G 1V AT 4
PO 108 87.5 141 11 ~1 560
uc 143 211.0 947 17—6 964
] 49 38.0 73 22—5 321
DR 94 348.5"% 1385 17—6 964
B 46 220.5 281 17—5 235
g 41 1138.0 2 359 26—6 964
Gigis 7 2481.0 2 494 1414—6 324

T SxFIRA LA, “P <0.05; 524 e:, 2P <0.05

F2 ARFPEERZE FCMELSER (ng/g)
FC
IR BiI%
PR PSR ol
KEEH 40 455.50 1646 25—6 213
JFRMGE R 34 82.00 183 23—3 620
MRS 29 229.00 652 22—2 470
FEHGER 20 112.00 482 17—4 067
MR 11 1368.00 4 968 25—5 383
U 7 1138.00 5 648 30—6 324

3 FC 5 Mayo ¥4y \UCEIS PF43 f A &k 20 B
(#£3,4) UC 41 FC ¥ £ 5 Mayo 143 \UCEIS ¥
IYHIETEA S (r 4351 0.670 #10.592, P <0.05) .
FAER A1 2, $hal BUS R 25 FC 5 Mayo I IR
TSN M L FE e (r =0.777, P <0.05) ; 1'%
FHEE M 5 % FC 5 UCEIS /20 A 56 B e i (r =
0.702, P<0.05),

%3 ARFEHFEEEF FC 5 Mayo iT4MHH X1

o BEIERY %k r P
KGR 40 0.491 0.001*
JHAR NG 34 0.579 0.000 "
PR 55 29 0.761 0.000 "
FEHGE T 20 0.294 0.209
B 1 11 0.717 0.013*
AP 7 0.777 0.040 "
H: "P<0.05

R4 AFEHNEEHEF FC 5 UCEIS #4364

R % r P
Kigim 40 0.428 0.006*
JiRRCigi s 34 0.534 0.001*
AR 29 0.619 0.000 *
FEPGE S 20 0.436 0.054
L5 1 0.702 0.016*
UK 7 0.628 0.667
. "P<0.05

4 FC Xl PRI 3h . 4 B8 25 B A A 1 12 W 1k g
(%5.6) FC myizWitkne 4%, AUC 7 0.830 (P <
0.05,95CI:0.755 ~ 0.904 ), 4 FC ¥ J¥ {f B
164 pg/git, FIWr UC HF I RIS o (1) MER R B e A
77.62% . FC XIHIE NG & & 1 rkReH 45, AUC
0.839(P <0.05,95%CI:0.769 ~0.909) , Ht FC
W Jy 154. 5 wg/g i, Youden’ s 155U, WHIE
RS G I A AR (L, SRR 3K 76.92%

S ANFHRIERINE. 2 22 v, B8 BH Mg 28 A8 3 FC ) iy
Il PRI 2l A0 2% 158 A G 09 M 16 34 B, AUC 4330
0.928 F10.903 (P <0.05).

RS AIFEUERE A FC AT R 2 i) TERE

IR AUC PR 95%Cl P
KGRk 0.674 0.156  0.369~0.979 0.179
JHFABRG 0.833 0.075 0.686~0.980 0.001
M S 0.909 0.066 0.780~1.000 0.001
FEHE I8 0.626 0.147  0.339~0.914 0.362
JIgL ' BH 0.928 0.000 0.888~1.000 0.014
AEHUK 1.000 0.000 1.000~1.000 0.134

F6  ARNEAEH FC HIWTRE I A& 1 PERE

Fp B e AUC FrifE iR 95%Cl P

KGR 0.613 0.129  0.360~0.865 0.355
JHABAG 0.814 0.081  0.654 ~0.974 0.002
M S 0.883 0.062 0.761~1.000 0.001
FEPGE A 0.859 0.086  0.691~1.000 0.007
JLE PH 0.903 0.000 0.856~1.000 0.008
AT 1.000 0.000 1.000~1.000 0.134

it it

UC 7 72 4 45 e A, s S 52 kR ik O % 1) U
TRAHERE . UC B iih sh 15 B0 1 48 X F JR 80R97 2
KB, FC 5.1 Fagerhol'” T 1980 4F M ki
MM Je— T 36 kD S LS E A,
PEFRaE O BEH IR T A RAE 3 ~6 Ko JTAEMFTE
NS TR e UC % 2600 A B0 i 3 oy
1 B S R T B T BB RN T RE M g T, AN AT DAAE
PGS TS G T EL AT A g ) e g
o I Bl P B g B RS T M IR T 2%



-1438-

rp [ Y P A J Ak 2018 4F 12 45 38 #4512 3 CJITWM, December 2018, Vol. 38, No. 12

SRIT IO AR L SR T FC OB LR RE A FRAL A ]
SOR S ERIERR E W R A, O I N TR AE T
99 A I DA 9 1 2l e

Meta ZMATESE TC I8 A2 58 4 3 A 5 10 25 0
R 5 34 PT ARAR K B ) 14 1 DR 22 At PR 37 A XU
B2 BrLAL,UC BIAYT H bR T BE AR S I AR IR
TRV 27 s 110 % fife 5 78 R o e I N4 T R 65 o
SR, H A2 AR X 7 A i AR v B =2 L
2007 4F, EEH b3 T A RO A St
P2 AT LR A T | BERS B T SR R ELE
RS A EE 5. AW R ] UCEIS W4 R 40
XFUC $i N 85 06 s tEVE TR AN F 4, 45 & 2 7% Uik
(6], K Zhi A &2 X UCEIS 0 sk 1 43, H
UCEIS 1 /MR F M TE A B el AR, X R G T 26
HELTBEAS 73 1 /i R AN B TAF R FE A G 19
W , 60 BB A 1) 2 SCRE TR 0

UC WAL B 22 278, 7E AN [R) 1 B B 1) HEIE
AR A AR R A, TR E 2
WFFE SR , B 16 S LA STHE A 3222 %) R A 4 L e
B S Je 2 E A o AHIFSE B UC 6 st B L
KGRI g 3, T 2% e 30 S0 3 DA LR 2 o0 =, 42
/N UC B3 FC MR EE S BEHRIE 7 A ¢, I FC ik
JE , nT B o B IR B B TR TR

T EEFEUEIE G 76 UC B9 MR 1697 o A 2
JEERTE W Hb AL, YT RO, N RO, B R B
FR + REaTT e A AR HE R B 2 . T A RHIE
R UC B35 BP0 1 sl 1% B0 B W 18 R RE 7™ SRR I, AT
DA 545 UE 2R RE 3 I DR 7 FH v 24 sy 4 R o s3] o e
FRAFN 25072 ARBEIE B, FC 78 I B BH i
RIEH FC W B H 5 N B TP A DGt de i, 31X
oy BE AR A T KR, B8R
i, VA Z AR G4 XA, N T RIS, SRR AR TR
Y7 IXHB AT T, s A A f R B 22 v 1 (] B o )=
TIRYT , BB B AT AL

Fil 45 w5 . TG

2 % X #

[1] lacucci M, Ghosh S. Mucosal healing—How deep is
enough? [J] Dig Dis, 2016, 34(1-2): 160 —164.

(2] #IahE BREW, ZITH, % REREEBRZE S5
IBIT LRI (2012 4 - M) [ 9], RHEIE 55
i, 2013,8(1): 61 -75.

(3] PEAPELSGESHARGEER T RS Btk
FHRPEESE G ST RE(ER) [J]. hEBAE
ik, 2011,19(1) : 61 -65.

[4] Schroeder KW, Tremaine WJ, listrup DM. Coated o-

(5]

(6]

(7]

(8]

(11]

[16]

ral 5-aminosalicylic acid therapy for mildly to moder-
ately active ulcerative colitis. A randomized study
[J].N Engl J Med, 1987, 317(26) : 1625 —1629.
Travis SP, Schnell D, Krzeski P, et al. Develo-
ping an instrument to assess the endoscopic se-
verity of ulcerative colitis: the Ulcerative Colitis
Endoscopic Index of Severity (UCEIS) [J]. Gut,
2012, 61(4): 535 -542.

Arai M, Naganuma M, Sugimoto S, et al. The Ul-
cerative Colitis Endoscopic Index of Severity is
useful to predict medium-to long-term prognosis in
ulcerative colitis patients with clinical remission
[J].J Crohn’s Colitis, 2016, 10(11): 1303 -1309.
Brandtzaeg P, Dale |, Fagerhol MK. Distribution of
a formalin-resistant myelomonocytic antigen (L1)
in human tissues. II. Normal and aberrant occur-
rence invarious epithelia[ J]. Am J Clin Pathol,
1987, 87(6): 700 -707.

Fagerhol MK. Nomenclature for proteins: is cal-
protectin a proper name for the elusive my-
elomonocytic protein? [J] Clin Mol Pathol, 1996,
49(2): M74 - M79.

Fagerhol MK. Calprotectin, a faecal marker of or-
ganic gastrointestinal abnormality [ J ]. Lancet,
2000, 356(9244) . 1783 -1784.

Kalla R, Kennedy NA, Ventham NT, et al. Serum-
calprotectin: A novel diagnostic and prognostic
marker in inflammatory bowel diseases[J]. Am J
Gastroenterol, 2016, 111(12): 1796 —1805.
Henderson P, Anderson NH, Wilson DC. The di-
agnostic accuracy of fecal calprotectin during the
investigation of suspected pediatric inflammatory
bowel disease: a systematic review and meta-a-
nalysis[J]. Am J Gastroenterol, 2014, 109(5):
637 -645.

Holtman GA, Lisman-van Leeuwen Y, Reitsma
JB, et al. Noninvasive tests for inflammatory
bowel disease: A meta-analysis [ J ]. Pediatrics,
2016, 137(1): e20152126.

von Roon AC, Karamountzos L, Purkayastha S,
et al. Diagnostic precision of fecal calprotectin for
inflammatory bowel disease and colorectal malig-
nancy[J]. Am J Gastroenterol, 2007, 102 (4):
803 -813.

Lin JF, Chen JM, Zuo JH, et al. Meta-analysis:
fecal calprotectin for assessment of inflammatory
bowel disease activity [ J ]. Inflamm Bowel Dis,
2014, 20(8) : 1407 -1415.

Mao R, Xiao YL, Gao X, et al. Fecal calprotectin in
predicting relapse of inflammatory bowel disea-
ses: a meta-analysis of prospective studies[J ].
Inflamm Bowel Dis, 2012, 18(10): 1894 —1899.
Qiu Y, Mao R, Chen BL, et al. Fecal calprotectin
for evaluating postoperative recurrence of Crohn’
s disease: a meta-analysis of prospective stud-
ies [ J ]. Inflamm Bowel Dis, 2015, 21 (2):
315 -322.

Guidi L, Marzo M, Andrisani G, et al. Faecal cal-



vh | Y P A ik 2018 4F 12 46 38 #4512 I CJITWM, December 2018, Vol. 38, No. 12 -1439-

protectin assay after induction with anti-tumour
necrosis factoralpha agents in inflammatory bow-
el disease: Prediction of clinical response and
mucosal healing at one year[J]. Dig Liver Dis,
2014, 46(11): 974 -979.

Sipponen T, Bjorkesten CG, Farkkila M, et al.
Faecal calprotectin and lactoferrin are reliable
surrogate markers of endoscopic response dur-
ing Crohn’s disease treatment[J]. Scand J Gas-
troenterol, 2010, 45(3): 325 -331.

Sipponen T, Savilahti E, Karkkainen P, et al. Fe-
cal calprotectin, lactoferrin, and endoscopic dis-
ease activity in monitoring anti-TNF-alpha therapy
for Crohn’ s disease [ J ]. Inflamm Bowel Dis,
2008, 14(10): 1392 -1398.

Reinink AR, Lee TC, Higgins PD. Endoscopic muco-

sal healing predicts favorable clinical outcomes in
inflammatory bowel disease: A meta-analysis [ J ].
Inflamm Bowel Dis, 2016, 22(8) : 1859 —1869.
D'Haens G, Sandborn WJ, Feagan BG, et al. A
review of activity indices and efficacy end points
for clinical trials of medical therapy in adults with
ulcerative colitis [ J ]. Gastroenterology, 2007,
132(2): 763 -786.
EKE, AR¥e. Bt tESE R b EUERL MR [J ]
hE PRS2, 2012, 32(4) : 450 —454.
R, B, Xy, &R T HEF A0S RIS
W7 T 25 1 8 vh BRI TS [ J ). v E rh P R 2
HZri, 2017, 37(10) : 1191 -1195,
(ks : 2017 -08 -23  7EZk: 2018 -07 -22)
TR 2R
YT : KA

A2 02 G ) ) G ) ) ) G )

£
£
£
£
]l€

\%A)L_()A-()L-QL-QL-QLAL&&&&&&4&4&4&4&4&.&.&&&&&&&&

0 ) ) W 0 0 ) ) 0 G 0 G ) 0 () ) ) ) ) ) ) ) ) ) ()

(0]

L2 W G G

BOBO BTG N

(0]

S0 0 0 0w

BEPEHAFBITERGO ELSKE

2018 411 A 10 B P EH X5 2018“ i " b F R X B P E B K F 4K 60 AF LA KA EHLKRE BT,

TRELERFRTHB ARKERRRI, AL TR ARIFRAGITRFERAFET, FARFTELIN ZEZBT, HFARBUTE
HRAEE, ABE R ES, GBI Z R A TESRFARKNGA AR PEAE AR A KEF L, PEHFRK L.
RMEPEURRFLARKETE, PEMFREEIHRICEL, PEALERR L PEAFTERFRER REPES XZRERMAUFHATE
EABE AR F AT, B A UH R A F R E,2018“ 2 B 27 I Ao R A, BN IMR AR L, b RESMEEER
FOWBER GREFRALSELFIURE, HFARMNA, ARFAEY R LA BRRARREAFEFRS., KL HLhihis
Kb, REFWAHEREH, FREEAFTFRENG0 BAFEpEhR s e —ittll, —RARTWELEIETFERLELBARET X
Afe b B T AGRERA LM EZRERNA, B I BMARAES , PARBERF, —ARINE ZF B R — AL K%Y E
TN, RAERRPFEFHER, BH RRFE, 5 £BF, TR R G, AR R 6] 3, FSR NI TR, T A
R, g F AL ad, 2 BRARPFHEFHOECEEN  BATE—RELDA AN —AFH . =R KA FR AT B
Bk Gk B RALAE B BAR R PE A A AT RN AU AL, A AT SR IR B, A K B R AT 3R 5 B B B, 3 — A BB R A
EER, FHFFRITERLITEE KIFEEOAT S, WRERFEL LRI, RUEHFTHFRE, RIS AR BXLRE
B RIBAT IR, RAAFTERRE, 2 ERZH P EHRSES, AR LT &AM RIR S, A4 E#40 2 d xR g
WA Aoty S £ A, BARBL21 Sl L 2RI B KR F ik G KT K F R AN, KEFRAER G
THREFG B RGP0 RS —F - ELEBROTES AL SE,RATESHGEARY w ),

HEFREABFRASIREAE R HBUT, ABETEHRT 60 AFRELTUR., ABKRAFLBETESRFBEHFAIT LT
HHRPEARFEHLTLGAAESF AL WEETEPEBELTHARPEARILARNEL LR, BERTAAR FTH—. %
HEEAFELA IR SFHBAREGZRPAFECHRFHABTEL RS, FEIBRL T LI F T 6, Mk SK G0 EE,
G KIF AR WA FR BRI BR” B ALY S IRANE FE L ERAARRES BT EHAT R KA, BRE S
it e T LR EFBEIAGFLRUR T REAE RHFAERART R PEARFT AR - T RAFHLEPEH T
A, e dfe it P B 25 7 A BURAL, RS- AT 8 Ak P R R AT AR B A A,

BRFPEHERAMARINIKRFL, TR IRRRE FEHFTEAFREK RETESRFRKKML, FALRARFHF 5
BAZFRERLK - ARZ(Amy Wilson) ,RAKREA T8 BRA AT TARERLARK RIxhTFTReih dFTaal £
JEETW N ,95 BRA GBEFPEHFLRFRAIRFABERA LR, HITREARER, FARAMETHANETLE.

AEERFTHRETEGRFLAREBHALAMX  BEFPARAFEEE FTATERSE AR A G TERIEARAETEHR X
RLARK, FWERKOETER LML TS,

KABFATT M EZIE R HIT"NX, 0 B EXIFHAEHIE AR L P EAEHRIE KR HITHEH, FAREMN G
3L HIL R AAE

Bsh, K& ESEARATIR I B 4 R BAA ALK, SR AR K @148 T 30 e fe AARFAN AR T8 F RARIEH

XEBFZEREDT HHRERBRBAX A FTRALHEY AR RAX RESELEL BT EZI 4 ERAX BB FEH
XEFED,

(B # oo SpA)

P
*W‘W?‘?W?’?W‘W?’)‘W?V?’?‘W?) RO R ) & e G i O ) e & i & i © R i © R © R B € ) R & ) G i ) e 2

O O O O M 0 N O O M O O O M N O O M R O © M O R O © M M O O M N O O M N O O M i O © R 0 O © M N O O M N O O M O O M M O O O 2



