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Mechanism of osteoimmunology and the new perspective of functional foods
beneficial for bone mineral density
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ABSTRACT: Osteoporosis, represented by decreased bone density, is a kind of bone metabolism disease and
inflammatory disease, which has seriously affected people's quality of life. The prevention and treatment of
osteoporosis should be paid enough attention, but the drug therapy is expensive and may cause side effects. However,
moderate intake of functional foods of increasing bone density can prevent the occurrence and development of
osteoporosis and promote health. At present, the calcium, vitamin D and chondroitin sulfate are the main active
ingredients in the increasing bone density functional food and few functional ingredients came from common foods.
Therefore, the research and development of increasing bone density functional foods needed to be explored. The
RANKL/RANK/OPG signal system, an important signal pathway in the field of osteoimmunology so far, not only
regulates bone metabolism but also affects the immune system. The article summarized the biological process of bone
remodeling and development of functional foods for increasing bone density, and introduced new approach to prevent
osteoporosis from the perspective of osteoimmunology, so as to provide new targets and ideas for the development of

functional foods for anti-osteoporosis.

EE&WB: EERESH LI H (2017YFD0400201)

Fund: Supported by the State Key Research and Development Plan (2017YFD0400201)

SRR B, W, R, EEOPR I AR AR R B R 5F M. E-mail: duming121@163.com

*Corresponding author: DU Ming, Ph.D, Professor, Department of Food Science and Engineering, School of Chemistry and Chemical
Engineering, Harbin Institute of Technology, 92 West Dazhi Street, Nan Gang District Harbin 150090, China. E-mail: duming121@163.com



oM

BT, S50 B S AL I b ik B R S RE B A T R 2563

KEY WORDS: functional foods; osteoporosis; bone mineral density; osteoimmunology

1 3

Wl S A TR R, AT 119 A R A
THEaH, TR E G E AR E RPN Z — . B
BN R SVFZINRA K, WARR . BRI i)
1, S FsAE RGN H AT A 2R X B
BRI, QORI ER, MRS R AR, IR
S5 MR A TS R AT, XKLL 25yl LUk (835 10
T, AHAS— AR BER UL, TS B BT AL (19 & LR AR5 T
FEL ARPTAM, FSFIGELEZR D AR T AT LA AR N £
S, RS TURTE b, S E S R, A
TR AN AE IR A A o SR, Bl AR 221 s i
TR B, AT R I B2 RS | HA R i e
HRETEE A, e E BT AR B B SR AR e R . HE, 1R
B S R R R R, 2 DU R A T REAT AE,
R RG S RPERRZ A B AW ZAAEAER], A
SONE RPN K A, B T BT T AL B A 5
FURL, B M SR R D REIE £ b 1 TR R SRR O 5
BB

2 BEETURNEMFIS
4

TEER AT, B RO & T8 A T 30 25 7
R, — BT, B ai e et R w, &
AR 95 0 B SO B P RE BB R AR 2 R A o B SRR E
(osteoporosis, OP)JE—FI A1 T B FH-B 2H 2L Al i i 3R
SRR B BN, BB A SV B TR . B
FTERAAIE R A 1 F IR 2 EWICR TN, 2%
JEREAR, C R ™ B 52 [ R AR 1 TR — R R T -

H T RFF A TR, BT AN T E
HEESE D FEHAE M, SRR E S
T B 20 7 BT 1H B (A, i 0 L £ B B P A
WA AR RS 4 BB BRI, ol . e
AL BN, AN R B W T 4R, LR UEF T B
R WA B T R AR 4k % AR 7R R — A AL, A
JE: [l & A= B

WOE I B A IR B R 1 A W v s S
R, MENEETE, A KETF-4 (transforming
growth factor-f, TGF-B)43- s/ UE B 4 M A il . 24 H
BRI E S ZIRE AT, BSR40 545 5l
i, W) & A AR BT R AR IR SR, DT A 4
Mw gl . W B B IH B 3R . WO B A M E

il

By K DLRHABZ SN AR 1 P R DL S 81k, K

B A ML 5 Y BB WK F 63 (howship lacuna). -4l
JL K ¥ 3 BR IH B 89 2 BE L G 5B W A0 ) A
(macrophage colony stimulating factor, M-CSF)F1#% K ¥~ B
ZRIEA A F IR (receptor activator of nuclear factor kB
ligand, RANKL), iX 2 Flil i 5734 ] el B 4t e iy ™
Ao 1 M-CSF fAAERIEBL T, RANKL 57 4 il 3% 18
RANK SZARSEG, T A o A A 200 L 1o i -2 4 P -
SR AR 240 M S O A R R A T R A
W ACA5E b, R A T R A N S BR AR B D
M, O E TR R 2 T U B A A R 43
B EEATYE(E B T AU 1) R LR 5T (P s i
PER SN . BESE N B EOFSS S E NS, Bk
B R F 201 0] 528 BRI TR B K A DL
IR E L, RESEH T L mie s & -

3 AFEREEFEREX

LB 26 B R Ry 2 S B TR B P E AN XA S —Fi AR
PP, B R — R RAEVEDOR, SRS RE A
AR, B S i nT LR o RS, B, BE
A RANKL, °] ATE-E AL RoAsE AR HE T 40
MTE AL A B A e, R M R 4 i mT
DA R i i 200 05 R Lo 100, g A, T 4iii
A LLVE 4GS, CD4+T F1 CD8+T 4 g 1 5% i 25 B 415 i
A gl 21, CDA+T 434 T i Bh 40 Th(Thl, Th2
Th17)FIREFE T 4 (Treg), Hrb Th17 F1 Treg 4 M 7E&
JRERFS BB AR P &4 A, Th17 405 2 A
I E-17, RANKL, MEIRFER F a(Tumor necrosis
factor-, TNF-a)FI T2 -y WHBEE 4 %", Treg 40 )
WAL oW A A -4, A E-10 F1 TGF-8, il
Th17 4IAEAIENAE, [RINF Treg o T #0H] B A% 40 A 43 F e
B A0 B B U B R AN & AR, T 40
1%, WAL T 400843 TNF-a. HARIEAZ-1 A E 40004
#-6, LRI RANKL ek, MM s i 40 i i 3%
P, SECE A L B RS AARE, B it n] DL
LA OPG M4, B HEKIE OPG ¥ 50%&H1 B 24
W, 5B R B R G SR R AT
TEFHYIEL R, FERFFE B TR E B I 255 % IR 2 R
iz R EAER, B 2000 4F, Arron P2z T
HARFEF IR, B A S I T SR L TR S

4 BEEBEFSRERFEZENXR

BB A WA A T K R RS
RIERGEZ MR, BRI DI AER, HATHT 78



2564 B dn 2 4 R R I A 4R

F10 &

TR O CE S s GE B R DLORE B A O kb
RANKL/RANK/OPG {5 5l 172, 1998 4F, 2= H TEW5T
N B REALIREY, KRBT B R E (osteoprotegerin, OPG)
B A, e HAT 8 B At B 1 oAb R ETE I T RE, Ak
B P Z B AR (bone protectin ligand, OPGL)™), J5 3k & M
OPGL th HA7 JA45 T 2 s S 2R 20 M T4 F i h RE L,
WFFE2-H 76 T AR & BT IR SR SE R F AR s 15 5
40 Bg A F (TNF related activation induced cytokine,
TRANCE), H ODF/TRANCE/RANKL ] L3515 41 ff
(432720 i 1o BRI & BX, OPGL . ODF, TRANCE
Al RANKL ZAHF YT, B SE =S S50 5ot e
W HEAT ThrEfbfn 44, firds i RANKL ., B4 . 5 2
M. B REE AN AT 7~ 4: RANKL, RANKL 588 41
HIfAZR I L) RANK 3Z & 254, 4546 51115 RANK = R4k,
JInsH IR SRS R F AR R F 6(TRAF6) 5 HZ5 A, MK
TGN — RN N 7, 454+ «B(NF-xB). c-Fos
FIIEALAY T 400 A% [ 5 NFATc1 25, fe2%, Hi 8 40 itk
7GR AR E AN, KIEFWRIThEE. 4R, OPG 1
H—NEFZEK, SERF «B ZKTE M F F (receptor
activator of nuclear factor kB, RANK) 3z 4+ # 45 &
RANKL, il 70 & 4nffift =4 . RANKL/RANK/OPG {5
S5 T B WRMSORT BT B IR A BT B T 4
e, B 4Ll A sk A0E I AT 35 RANKL, H RANK
WAT A SEAME . AT e . B ZHIEH T M RFE ik,
Kk, 7EHHFREE B, RANKL/RANK/OPG 3 J& 2 4141
21 0 0G5 A0 AR EL AR R AT A aE i, 2 H R e 2R
SR ILRYSE I, AT LB BT 2590 1 R SR BB A 230
5T R .

RANK-Fc, Fc-OPG #il anti-RANKL Hi Aty Al DL i
RANKL F1 RANK 454, MIMiiAY7 B FEi#s - AMGN-0007,
—FhE M Fc-OPG 259, HFIRIT BRGNS, 2010 4F,
Ik 7 2 37 (denosumab) B 35 [ £ 5 Al 24 545 3R (Food and
Drug Administration, FDALELE IGIT B G 1254,
BRE 5 RANKL s th4i4, Mmmdl RANKL 5
RANK Z54, WlE st BE I mmA, Ao
Bk I — /Ny AR AT DLl ] RANKL/RANK/OPG
WG, R, 2% OPG Jik OP3-4(YCEIEFCYLIR)FI
WPIQY #] 15 RANKL 545, il mi B2, At d A
25 L RANK FIIE N X BN ST 42 % BE, RANK 5T [X.
M 4 B [X48 IVVY. PVQEET. PVQEQG #ll PFQEP, 1] [/
JAE R A A A R e R EER Y Hidh, PFQEP Af
VLY TRAF6 FiS454, Wos w240 M & FE s M T e
B, BA Pro-X-Glu-X-X-(J5 7 1t s B e /MR 1 2 B 1R)
XA I (RANK 1 CD40 %5)FT LI TRAF6 iR5, M
PSR, L8 ERRA, ARG P & 4
FERTESE LAy, R A B L R kb N B0 T R A 4

S, AR i £ R 9 T
5 EEREEENEERRMLHE

1962 4F H AR HE — KRR & RS, &4
A o AR AR RE, U7 B 28 e i & A R,
120 21 ) G A U F I B TR L e 5 A N
TR R 2 ot W A B S IR e R SR A5, Ak F)
2019 4F 2 H, $REEa b AT 17470 4, Wi Eh e 1 in
B R AT 579 4, Hop EE RS 559 4,
HECUOREE R 20 A B 3 i 28 B 1 DR 2 A28 |
PRI R0 R 700 S 20k 2, T 2 174 5 28 (2
W OB W B RIORN SR A 2 50 A4S TR, i
Tl I FE I RE R DR R R . RS A L A
A DA, RIETEYIER R D, ke AR
Z HAT WG INE 23 BTG VE A By, KL T o BRI, TR R
WA WASIREE S, OB RIREE S AR BRI
i3 2 ] S D I (SR = T S e o B DY T s o2
AR T FIFIME Gk, 8B IR FEN L B
AL PR TFBE, BER A R T RebE & dh, AR
TRE S = A (A Ty & SR iR (IS L.

T [ 220 b 24 i W B A R R I b 0 B3 %
5T AUt e L 5 P FNOR T G 2 R IIRE, (R
SHRH 4 B AR R 1) 9.845% . IXAE— BRI UL, 7EThRE
A ER, F# BB S R S0 R G AT
HEEM R .

A= FUAE N —FI A AR S0 B R b, RS
B, M HSAEYEAER D EAREZMERE, TEE
W R B, AL A FLEREE A AT ik MAPK {558 B ik
SR A LR L, A A B 2 LR IR A e, DA TR B
FREELT B g R, LR At e B s (R AR
IR BN EEE, SR RS R P, 2 HE
I it R R 1 K A A5 B I LR R I K, A5 LA (i
20 B 8 B A T O, i TP A R 1 AN LR R R AT
VR A I G I 4 B B T e o A ST R, 2R
FLAE (1 RE B 0 L 0 R R FFEER, —Fb
P FF S 2R ORE 2 e A A AL, R AR R 25 B K R
W, R R G R E R oA B A R
V7, 2K AR FI 1 22 Rt B BRI S AT 4 A R 4
ARSI, AT S B 2 BE A VR R, 25 L S
R ANEERE (14 B-F K T EREE (At il AR s B3, 1E% T
WS R AR 5 | R ) B R B A9 R A1) 2 T A I A g
FOZMEIG, 2500 5K BB B 7 MO . A
T RIS 22 B T LA 30 o T SR AR L B8R S RE, DA ke £
SR BE AR Y0 £ 22t v LS 3 s SR AR
W, S RAE DL B IR AR, R AT AT B T
PRI HERY Ok Z I R B, B R RR AL B



oM

BT, S5 B R ALE LI sk A

R I RE B Ak BT

2565

A7 G5t B B I I RE, A LA O TR LA O K R e
o, e FEERERER ML, RERYREEES,
AR T R TR ATZ R, AT & 0 2 (1 54 0 B 2
EEPER A

6 B ZE
G

TR R E e SRR ERRE
Yo, TR RCIAE AR . AR, B E Rk, BE R
B A DI REPE B B D, MR R AT IRIT SR &,
JEF R B R Y B R, D
RANKL/RANK/OPG OB i, BIR T B 4240
5 B AR R A BAE DGR, Sl B AL Y TS FYR T 48
HE TR FIE Y . RANKL/RANK/OPG 38 i L 20 18
R TR B AR T B BB A P SO S, B SR AT AT A
BART AR B Gl B T R R Th AR &, BRI B
i A TR TR (R V8 A PT RE A o

SE R

[1] WU, BRR, BRale, 5. B BTBiARAE A (@ R BRI b Rl R R (A
&%, 2018, 21(5): 718-720.

Yang HQ, Zhao X, Chen Y, et al. Health management of osteoporosis [J].
Chin J Clin Health, 2018, 21(5): 718-720.

[2] Matsuo K, Irie N. Osteoclast-osteoblast communication [J]. Arch Biochem
Biophys, 2008, 473(2): 201-209.

[3] Furuya M, Kikuta J, Fujimori S, et al. Direct cell—cell contact between
mature osteoblasts and osteoclasts dynamically controls their functions in
vivo [J]. Nat Commun, 2018, 9(1): 300.

[4] Everts V, Delaisse JM, Korper W, et al. The bone lining cell: Its role in
cleaning howship's lacunae and initiating bone formation [J]. J Bone
Miner Res, 2002, 17(1): 77-90.

[5] Montalcini T, Romeo S, Ferro Y, et al. Osteoporosis in chronic
inflammatory disease: the role of malnutrition [J]. Endocrine, 2013, 43(1):
59-64.

[6] Takayanagi H. New developments in osteoimmunology [J]. Nat Rev
Rheumatol, 2012, 8(11): 684—689.

[7] Baudhuin M, Lamoureux F, Duplomb L, er al. RANKL, RANK,
osteoprotegerin: Key partners of osteoimmunology and vascular diseases
[J]. Cell Mol Life Sci, 2007, 64(18): 2334-2350.

[8] Morrison SJ, Scadden DT. The bone marrow niche for haematopoietic
stem cells [J]. Nature, 2014, 505(7483): 327-334.

[9] Charles JF, Aliprantis AO. Osteoclasts: More than ‘bone eaters’ [J]. Trends
Mol Med, 2014, 20(8): 449-459.

[10] Cappariello A, Maurizi A, Veeriah V, et al. The great beauty of the
osteoclast [J]. Arch Biochem Biophys, 2014, 558(3): 70-78.

[11] Gréevi¢ D, Lee SK, Marusi¢ A, et al. Depletion of CD4 and CD8 T
lymphocytes in mice in vivo enhances 1,25-dihydroxyvitamin
D3-stimulated osteoclast-like cell formation in vitro by a mechanism that
is dependent on prostaglandin synthesis [J]. J Immunol, 2000, 165(8):
4231-4238.

[12] Li Y, Toraldo G, Li A, et al. B cells and T cells are critical for the

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

preservation of bone homeostasis and attainment of peak bone mass in
vivo [J]. Blood, 2007, 109(9): 3839-3848.

Zhao RQ. Immune regulation of bone loss by Thl7 cells in
oestrogen-deficient osteoporosis [J]. Eur J Clin Invest, 2013, 43(11):
1195-1202.

Yuan FL, Li X, Lu WG, et al. Regulatory T cells as a potent target for
controlling bone loss [J]. Biochem Biophys Res Commun, 2010, 402(2):
173-176.

Zaiss MM, Sarter K, Hess A, et al. Increased bone density and resistance
to ovariectomy-induced bone loss in FoxP3-transgenic mice based on
impaired osteoclast differentiation [J]. Arthritis Rheum, 2014, 62(8):
2328-2338.

Roggia C, Gao Y, Cenci S, ef al. Up-regulation of TNF-producing T cells
in the bone marrow: A key mechanism by which estrogen deficiency
induces bone loss in vivo [J]. Proc Natl Acad Sci USA, 2001, 98(24):
13960-13965.

Weitzmann MN, Roberto P. The role of T lymphocytes in bone
metabolism [J]. Immunol Rev, 2010, 208(1): 154—168.

Mclean RR. Proinflammatory cytokines and osteoporosis [J]. Curr
Osteoporos Rep, 2009, 7(4): 134-139.

Horowitz MC, Fretz JA, Lorenzo JA. How B cells influence bone biology
in health and disease [J]. Bone, 2010, 47(3): 472—479.

R, OO, FOE. SUR RS SUAAR B TUGAME]. LB,
2015, (2): 262-264.

Zhao ZM, Chang WIJ, Cai H. Immune system and postmenopausal
osteoporosis [J]. Hebei Med J, 2015, (2): 262-264.

Raggatt LJ, Partridge NC. Cellular and molecular mechanisms of bone
remodeling [J]. J Biol Chem, 2010, 285(33): 25103-25108.

Arron JR, Choi Y. Osteoimmunology: Bone versus immune system [J].
Nature, 2000, 408(6812): 535.

Takayanagi H. Osteoimmunology: Shared mechanisms and crosstalk
between the immune and bone systems [J]. Nat Rev Immunol, 2007, 7(4):
292.

Guerrini MM, Takayanagi H. The immune system, bone and RANKL [J].
Arch Biochem Biophys, 2014, 561: 118-123.

Laceyd L, Timms HL, Tan HL, ez al. Osteoprotegerin ligand is a cytokine
that regulates osteoclast differentiation and activation [J]. Cell, 1998, 93(2):
165-176.

Kong YY, Yoshida H, Sarosil I, et al. OPGL is a key regulator of
osteoclastogenesis,

organogenesis [J]. Nature, 1999, 397(6717): 315.

lymphocyte  development and  lymph-node
Yasuda H, Shima N, Nakagawa N, et al. Osteoclast differentiation factor is
a ligand for osteoprotegerin/osteoclastogenesis-inhibitory factor and is
identical to TRANCE/RANKL [J]. Proc Natl Acad Sci USA, 1998, 95(7):
3597-3602.

Wong BR, Josien R, Lee SY, et al. TRANCE (tumor necrosis factor
[TNF]-related activation-induced cytokine), a new TNF family member
predominantly expressed in t cells, is a dendritic cell-specific survival
factor [J]. J Exp Med, 1997, 186(12): 2075-2080.

Chen X, Wang ZQ, Duan N, et al. Osteoblast-osteoclast interactions [J].
Connect Tissue Res. 2018, 59(2): 99-107.

Capozzi A, Lello S, Pontecorvi A. The inhibition of RANK-ligand in the

management of postmenopausal osteoporosis and related fractures: The



2566

LR

G A A

F10 &

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

role of denosumab[J]. Gynecol Endocrinol, 2014, 30(6): 403-408.
Cheng X, Kinosaki M, Takami M, et al. Disabling of receptor activator of

nuclear factor-kappa B (RANK) receptor complex by novel

osteoprotegerin-like peptidomimetics restores bone loss in vivo [J]. J Biol
Chem, 2004, 279(9): 8269-8277.
Aoki K, Saito H, Itzstein C, et al. A TNF receptor loop peptide mimic

blocks RANK ligand—induced signaling, bone resorption, and bone loss [J].

J Clin Invest, 2006, 116(6): 1525-1534.

Jules J, Ashley JW, Feng X. Selective targeting of RANK signaling
pathways as new therapeutic strategies for osteoporosis [J]. Expert Opin
Ther Target, 2010, 14(9): 923-934.

Lie W, Xu DR, Yang HM, et al. Functional identification of three receptor
activator of NF-kappa B cytoplasmic motifs mediating osteoclast
differentiation and function [J]. J Biol Chem, 2004, 279(52):
54759-54769.

Ye H, Arron JR, Lamothe B, et al. Distinct molecular mechanism for
initiating TRAF6 signalling [J]. Nature, 2002, 418(6896): 443—447.

Blades M. Functional foods or nutraceuticals [J]. Nutr Food Sci, 2000,
30(2): 73-76.

Liu M, Fan FJ, Shi PJ, et al. Lactoferrin promotes MC3T3-E1 osteoblast
cells proliferation via MAPK signaling pathways [J]. Int J Biol Macromol,
2018, 107: 137-143.

XU, BERUGS, ABES, 45 N[ EE AR LR OB AR PR A5
W] B AL ARG IR, 2018, 9(2): 416-421.

Liu M, Fan FJ, Shi PJ, et al. Effects of different concentrations of bovine
lactoferrin on osteoblast activity [J]. J Food Saf Qual, 2018, 9(2):
416-421.

Fan FJ, Shi PJ, Liu M, et al. Lactoferrin preserves bone homeostasis by
regulating the RANKL/RANK/OPG pathway of osteoimmunology [J].
Food Funct, 2018, 9(5): 2653-2660.

Fan FJ, Tu ML, Liu M, et al. Isolation and characterization of lactoferrin
peptides with stimulatory effect on osteoblast proliferation [J]. J Agric
Food Chem, 2017, 65(33): 7179-7185.

Shi PJ, Liu M, Fan FJ, et al. Identification and mechanism of peptides
with activity promoting osteoblast proliferation from bovine lactoferrin [J].
Food Biosci, 2018, (22): 19-25.

B, T, kEl. ARIFLER PO R USR8 EE B AT S ()], T2
HEAIFSE, 2008, 37(5): 597-599

Du M, Wang C, Zhang LW. Effect of bovine colostrum protein on rat bone
mineral density [J]. J Hyg Res, 2008, 37(5): 597-599.

Chen HL, Tung YT, Chuang CH, et al. Kefir improves bone mass and

microarchitecture in an ovariectomized rat model of postmenopausal

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

osteoporosis [J]. Osteoporos Int, 2015, 26(2): 589-599.

VPSEA. 8 B I 2 JACHE I 4 A P AL B X A= T3 2k s
WA[D]. PU4: BRPTRIECRE, 2018.

Xu XM. The mechanism of raising bone mineral density of pigskin gelatin
peptide and the effect on biomechanical nature of bone [D]. Xi'an: Shaanxi
University of Science and Technology, 2018.

Chen H, Xu Z, Fan FJ, et al. Identification and mechanism evaluation of a
novel osteogenesis promoting peptide from Tubulin Alpha-1C chain in
Crassostrea gigas [J]. Food Chem, 2019, (272): 751-757.

Akao M, Abe R, Sato N, et al. Prevention of osteoporosis by oral
administration of phytate-removed and deamidated soybean f-conglycinin
[J]. Int J Mol Sci, 2015, 16(1): 2117-2129.

EA, AR, FW, S MRS RAAC 2 2 S R U R R Y
M), T EERRAER, 2015, 37(3): 233-236.

Wang J, Ren MM, Wang Y, et al. Effects of lycium barbarum leaves and
lycium larbarum polysaccharides on osteoporosis in ovariectomized rats
[J]. J Ningxia Med Univ, 2015, 37(3): 233-236.

Saleh NK, Saleh HA. Olive oil effectively mitigates ovariectomy-induced
osteoporosis in rats [J]. MC Compl Altern Med, 2011, 11(1): 10.

Hagiwara K, Goto T, Araki M, et al. Olive polyphenol hydroxytyrosol
prevents bone loss [J]. Eur J Pharmacol, 2011, 662(1-3): 78-84.

Chin KY, Ima-Nirwana S. Olives and bone: A green osteoporosis
prevention option [J]. Int J Environ Res Public Health, 2016, 13(8): 755.
DPudari¢ L, Fuzinac-Smojver A, Muhvi¢ D, et al. The role of polyphenols
on bone metabolism in osteoporosis [J]. Food Res Int, 2015, (77):

290-298.

Griethit: K3

EEEN

B, L, TERRSFEAAER
RERFEZSFIA.
E-mail: fanfjklyx@163.com

OB, Bk, B, FERRAEA
EARBRFALSFA.
E-mail: dumingl21@163.com

% ,



