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Successful Inducement of Artificial Bone Marrow and the New
Concept of Immune System

—Comparative Study in the Digestive and Hemopoietic System Among
the Hemicordata, Cyclostomata, Chondrichthyes, and Mammal—

KATSUNARI NISHIHARA, Tsuvosui TANGE™" RyoicHr MATSUDA ™",
JUNzo TANAKA*** Kazusui HIROTA**" anp HirosHr KABASAWA ****

Abstract: A trilateral research method integrating morphology (Goethe), molecular biology (Del-
briick), and biomechanics (Roux) was developed. Based on this method, it was shown that mechanisms
of both morphogenesis based on cell differentiation and of function based on physiological and bioche-
mical processes originated from gene expression, which derives from physical stimuli (biomechanics in
the wide sense which correspond to environmental. factors) The authors already reported successful
inducement of hemopoietic nests with hydroxyapatite artificial bone marrow chambers implanted in dogs
and monkeys. In this paper based on trilateral research, artificial inducement of bone marrow hemo-
poiesis is reported using chondrichthyes (shark) and cyclostomata, which represent the phylogenical
stage of archetype vertebrates. Also a comparative study of hemopoietic organs and digestive tract
between mammals and archetypes was carried out. Based on these results, a new concept of the immu-

ne system and a simple theory for biological reaction are proposed.
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1. ZC&HIC

ThESE & RIS - Al ds X Uy TFRIRSFICR
MEh BERNIY Ko TV ABRFROFRC T,
BT AERET L LTEGNERD L. FHED
3, Thbn¥MEzHEALTHAT 2FHEER
L, Z#h% Trilateral research method & WA
TwBY, ZhIZL ) EHBEENOELFEET
%4 & Morphologia (Goethe), ¥R - A{k%: -
G % 5 T Molecular biology (Delbrick),
# X 18 Biomechanics (Roux) »=F&HEEL,
RESE 2 D ig & L Tibh T 7o o i
BG4, R—0fifoRL2METHLILE
W & dvc L7, TR 2 TR T 2 Ain sy b o B
L, WEEoRM| e LTHEES DA ELFER
W, Ze kR 13 I 350 4 R H 22 (Physicochemical
stimuli T 4bbES, K, O CO, U &
AN bA K, RSN RS WKL
» TIREINT LI Eh T 72) ofEMchiid
RIFEZ M O AETF ORBUC Z DR BKFF LT
V2P, P o TESAYOTIE L HRE LB
A BRI O =S, BRI A L <Dl
Mo ETF o Physical stimuli (BREERT) 2 &
BEEOTH THITEAT VD VD T &L Do
PESEE T D ENH S A Thd o iz dE—0HH
FRFRFRC LY, MeoFRE LTHREL TH
DTV, ED W, B ORILELELCELD
LEZLR DY,

WY REREFCHK ST, MEEE, TR
2 RIS O AfRc Rk b EELRE OE
[boBEE S SCBELRER TS
TR L~ L BT ATBREER ORI, T
F - =0 4 L HROHELBE TR SR T, NE
IS L AL ABBHFEER DI L EHL
Lib?, KRR, BB h R EAKNEET
WL LTHEZ %L1 % Lamarck o BAHEG
Roux » Biomechanics & &MFERBER LV
Haeckel - =&k EMoFEY] ko<
Lo ThHDHY, HEOREANFCH DS ETE,
BAECHME RV TALOEAM A BEL, &4
FERE 2 ATTT A EC X Y RETtkc Ry~
CcEHkERERmE Y FE L, #BlhTRESCBEL
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in vivo THBT3HENRTRELEZXOND, FH
i T d BB LS F 1 (Eixperimental evolu-
tionary study method) (WA TV, BLiZ,
gl ommRe, 788 A4 ML v o
— A BT A i XY, Rakodill & &8
WA HET 5 2 LTI L, HE32E A LIERE
L PVTAY CFAE—LEZ L (199)%,
% 7-, 1995 fE 35 33 BIH AN LRBEFSREO
SUREY T LBV T, NERMEEEFECLS
AATY v FTATRE OB &H LRERD
WA L LTHREL, ZoFEoFMEEH L
= L%
AWFFETIR, T OTHRERBREE, BT
WRESEF v v =BT D47 Y v FEIOD
AT AN o FE & ARFBITE 2 R4 7o
—F5, WEBCEIE 2B viRERE, HAR
b I OFHEEEA L. Thbb, &REOHE
kg 25— 2 4ET 20 & Av CEGEL
N> NAIWERE 2 RA&, CoRBEIR BB LT
MIELEID K o iR ST, =xA X
— 2SO TWEOTRY AH LT b HIEER
BACH & BT YL - PR E BB K AR S
HInE LTHE—ciCRT 2 2L edlbi. Th
k0, REERNEOSER E LTAATL T L
RoBE Ry, EERSOH—H (Simple the-
ory) r LTHBERAZ:, TRKEFONEKE
B, BRI A LR E U FXFOMH
P 738 A4 P NLERF v v - e B L7
0 EEcELEOFTECRH L. &bz, Z
b ORIATIHETIC 3 1 5 A A& MLLEFE o
FEREERIC ISV T, A 38 X UK ¥ o fkifi) & il
A L O R EIT v, H LW RESR OIS
AR 72050,
2. WRAFE

A, TAZA FPANIEHF v A0 K DAS
Bt M o0 BB BT B A
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(1) RKE XU & 5 ALESioB RN
REMEOHE R ST, BFEMcBELLD
CRBORE BTV, BRI 3 hA%c BEY
*FHnc L Vi LT (Fig. 1) BARE{ER L.
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Fig. 1 Artificial bone marrow chamber impla-
nted in muscle of a dog.

Fig. 2 Arterial chamber for the liver made of
sintered hydroxyapatite.

g 120 H i B L TEAZIER LG

(2) Bk KRBk BEE LI ATERF v >
SN L BRITHEEF v v 5~ (Fig. 2, 3) &8
Mg 2 pACE L, EARTERL

2) IKBAFE 6 TR (FF ¥ A) OF Likiied
75 4 FANLEEF v A& 6HT A
L, 1,2,3, 40hBRBCERLUTERLIERL
7z

3) O TR 3ILDRF Y ¥ 0 HIEE 7
a4 P ANTEMT v S — (P XHER) &8
ML, 1A% 2»BBCEREERLL.
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Fig. 3 Artificial chamber for the liver, conne-
cted to the femoral artery.
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F 7RO PN RIS BN R KB e R
Xy T s A NSRRI 7= T
g A FEESOIIRBEAE B L, 2 2 H %
PLTHEARE (ER L7, —F, RO 10
A OEFHAFRLUIRIETTF 4 > 4 v v &M
L, 2% AR ER Lz, Zhbo#i
RV S IBAT I e T AL & LR L7z,

3. BRER

A, 784 NANTERF v

1) WlisLAEl

(1) K &R D MR 41 2 AL umiﬁ
wooS— P AR U Fe ST oo 38 i & T LRk D T B
% (Fig. 4-a, b, ¢, d) &R ¥ . HrsiEkr €O
g R - 7R BE T, BRI LE L TV BT
BarzEsbhi, oo HA Ft ke X7
NEAL MDD TH D,

(2) KEBBIIRIC Baft L e AT B il & B RAFMEHT
7 v v A—-0f#ET R % (Fig. 5-a, b, 6-a, b)
AR

2) W (FFH2) oFROMES L UHARNC
BHELIZT %A FFr v A-HARCED LR
Bl oF e Fig. 7~9) @Rt Bk
EESE A LT AFTRBED bh, BHEE
4 98 OFEATREEOHESBED b (Fig.
10).
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Fig. 4-c Fig. 4-d
Fig. 4-a, b, ¢, d Sintered hydroxyapatite artificial bone marrow with osteogenesis and hemopoiesis
induced in muscle of a dog.

HA : hydroxyapatite

Fig. 5-a

Fig. 5-b
Fig. 5-a, b Hemopoiesis observed in artificial

Fig. 6-a Flg 6-b
bone marrow chamber connected with
femoral artery of a dog.

Fig. 6-a, b Liver tissue 2 months postop, im-

planted in the hydroxyapatite chamber
connected with femoral artery.
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Fig. 7 Histological finding of shark skin and
muscle for control.

Fig. 8 Collagen-hydroxyapatite artificial bone
marrow chamber implanted in shark
muscle.

D MO v FFCBH LT Y24 FF
yuA—zEs L ELNOFR Y Fig. 11~
13) iTRt. BB sEEaEm A keSS
FIRVED biviehs, BHEMME S ED - fclcd b,
BB OWRRED b -7,

B. #% & Ko LS R R o Hoig

RIRmERE X3 Fex v 734 4 ME
BRHE AR A L7z 2 2 B # o/ET R
T, —#C AMIROEME OFE T 61Tz,
Fig. 14-a, b #EHED1200°C THfE Lz
Ku o7 324 8 (REEFEM) oM R 2R
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Fig. 9 Hemopoiesis and metaplasia of muscle
tissue observed around sintered hydroxy-
apatite-collagen chamber in shark mus-
cle, 2 months postop.

Fig. 10 Hemopoiesis and osteoid formation aro-
und implanted hydroxyapatite, 4 months
postop.

To Ei, TASAL - 37— U EERIRNR
HOBAR~OHIA 6 A% 0BT R% Fig.
15-a, b, T7/9%A - b7 u  BEAE
HHERE (k% Fig. 16~a, bwa ¥, 7324 b
Bl ic ok Lz flalt, 29 757 4+
RHIMEHEL D AARBEE LT, B S ksREmg
AL LT R ERRBO R, F# v Avia
(210pA OERERZIBE L T 2 2 H %o MRE
fEoPTR TR, BRKEMROFES B » 5 h
(Fig. 17), HABWEET S5 A4 + oMz 38
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Fig. 11 Sintered hydroxyapatite chamber (Sangi
Co. Ltd.) implanted in cyclostomata
(arrow).

v .. tu;'
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Fig. 12 Hemopoiesis and metaplasia of muscle
observed around porous sintered hydro-
xyapatite implanted in cyclostomata,
2 months postop.

B i i Bied THULL L T 7z,

Aok Fig. 18, % Fig. 19, & Fig.
20-a, b, ¢, iz7”L, Fig. 21-a, b & Fig. 22 &
L Uf Fig. 23-a, b it ZhZhLof & Ol &
U ERLEZbDOThH D, BORITIC dﬁmﬂ
o F—Linh b (Fig. 21-b). ZTh boORE
//Ekﬁ'ﬁx'ﬁ—élﬂw 3R T AT T S THEN _Fh_
RO FE D BIETEL, TSl A3 L RS o i & %
HrE - Tl & BmEhi.
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Fig. 13 Hemopoiesis observed in porous site of

conventionally sintered hydroxyapatite
in muscle of cyclostomata.
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iAo IS Mo @ LE D, KEE
oM AT - mdﬂmm+'tkio1wé:&#
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iz te B &, TEISSET DR ISIC 16 - T HgAY
A iz zﬁ s S ERFROBC BT 5 (Fig.
2A)ID Z oy kA, BB ISR <1

L5z s DR D AHEE EEEETIREEINCA
Brxhnqifof ﬂ]vi Lﬁlme.,J NH3EE LT
L Eh, ok % PR)EAr (streaming
potential) MK Z Iz "tb\f)*éE“f@ LFEZLR
5mo:@;5m% ETPERR IR LT
LA A T, T o i 2 AR
HEZMN o A Wi HMEBF G En 5. ZhRM
s & BB el oo B33 W L 22 HEh £ E X S
h 5. $toC, BUEOTHELEM o et FBh o ¥
AR, MIEZESRILT 28 4 MBERERE
BRI, SO E SR e Z %@m%
BILFT T Do BEN, BIKT 87 A b PRSI,

A RN T m,mwﬁ Fib, -m%@wwﬁ
R A2 & STV os, ARFE TR, MHELAT
OERNCBELT 2 »ARB®CE, 2fLb
P L YR MBS & AT TERBCTHRRR T,

BAE LT b g LRI b v sh Ty
705, BHEmEE S ST LT o R 2 &£
Eéﬁtb,%ﬁ%uﬁﬁbtwﬁm,é<ﬁﬁ
OMBFE N B AN, EHCBEMD DI
BMP (bone morphogenetic protein) # A#LT
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Fig. 14-a

Fig. 14-b

Fig. 14-a, b Tissue reaction observed histologically in and around conventionally sintered hydroxy-
apatite implanted in muscle of dog, 6 months postop.

Fig. 15-a

Fig. 15-a, b Histological findings observed around sintered collagen-hydroxyapatite composite impla-

Fig. 15-b

nted in muscle of dog, 6 months postop. Differentiation of mesenchymal cells can be

observed.

TR PERTCBELTHL, < koMM
FRoOBENRHE N, —F BERRBRCX?
b Raxo7 5% A4 MEEERSR (BEUTERS
W) MR BET 5 L, BEARTHLICD
Db O FEH 2 MRELEOFELBES L
oo %72, FH U Ay va g ETFCBELTHBME
LB i, HolRi s v bive v T
B A gk M s fgigi s e (Fig. 17, 24
DEBRFBERERETS L, MO L ERDDH D
FERTR, AT Lk ) v BAACOHFEETT,

-105-

BRI X Y RS ERIERL O BB o RBL:
b, BEeLEL R EkENSEE 5, V
YREE AN T LA F Y BFEL, BkEO L E
Hh e E AlEkEmMoABEZ Y, F/2, EBHR
DBIETEL, U VERE AV T AL X U BKRERTHR
R AIURE Lo A3 ET S, ZhboBE
B RTUETFORTC L 5 BMP ¥ 044 -
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Fig. 16-a

Fig. 16-b

Histological findings observed around sintered hyaluronic acid-hydroxyapatite composite 6

months postop. Tissue reaction of cytological digestion resembling histology of digestive

tract is observed.

HA : Sintered apatite removed

Fig. 17 Tissue reaction observed around tita-
nium artificial bone marrow implanted
subcutis with 10#A current, /2 months
postop.

T : titanium removed

Mz THE Y <L oMbl T 2b bBEMEA
WBLEMATYSY, BRI TR, Z0oBEXES
LicREaE, Ehrbd BEREITLHELL
TED, ME- VOB K TI/8B FEEE
® A D+ R T OO RMLETRE & R O/EH
LLT, L ARADHEERTYS, Z0EE
OFLEELAESES. Lal, MK
Mo A b FEREERT 2 T X TOMAAL,
FREFNRZZFIAXF -2 GO WELRILT 5,

Fig. 18 Histological findings of the lung of a
dog.

0% TEAMERRE RT3 L, WELFIL
Lickafa i, B0 Y RAHICIE L THERE D
WEFLERSE, ThAFhCELRER VY v K
YR, AR, RHERIRE VO X o Bk
MBI E IR I EBnP 5, TAFA
N3 5 — S VB AR B A NBRER O BRRE
OFIBR, F4 v 4 vy 2DBEOMRBRIECI
L TR b 2 RIHABET R X, B REE M
w@ZHoh 3 GALT (gut associated lymphoid
tissue)!>1® o F AL HE D TREWERE V.
CoEmMMBBONLE, TITZAMNEXLDX
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of a dog.

AT ARG MR OFE L SRS 225

R g IS
AR v B e 3 e

ig. 19 Histological findings of the stomach

SICHEEN D EERNC BT ML LoEL s

LTHEBELTHL S, £573&, Zhbo—i#
OERBREHR O FEHR T, BRSO Y VB -

BT ALK, HFE BEETE EAN
physicochemical stimuli % [G{b L 7z /LRI IE M
f225, BWOAATHET 0% ViH{bT+ 28
BLTAET oMEAEBRER & LTHEBET 2FESH
k5, MRS, SARMIEMROBERF T
BizLs06, o> TIZn—ilionnIR4ix physico-
chemical stimuli (2 X 2 FORBC LD &

L7325, 2 EERBESICESHh 5 GALT
CHTEOTAHL I, HE THILSH B KEG,
FEIE 2 BB T B & AR SR LRI HR D A
thb, IRENOELNIE L L THEBIIERCX
AONBRCLEIZBRYODHETH BN, o
IR ks DY AT, BIEHEVCTEREI S

FIZEMRI & BRI L FYERS, 2% D iRl L~

Fig.

20-a,

b, ¢

Fig. 20-c

Histological findings of the ileum and colon of a dog.
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Fig. 21-a, b Histological findings of the gill of shark.

i, oo W
Fig. 22 Histological findings of the heart of
shark.

LNOBILEVI Z Eie b, ZHBREERINDE
FEThd, ToHBELLoRICELT, BEE
MROBLGFLIER L THEERP Y v BRRFHE
Ehd, 2EVEMEZBERVSZOLYE (%
%, B HHE REE2EL) cX3BERETOR
HThobwdHz/d, EECIDNL S 724
Jav <ol - BIR - BEds, 2%5LZ 54
Bl 2BEBEFORRTHEINE I PERSD
2, WHBEORET~0BRGOF&F v L7354
FF e ANA—OBHERLE, KLPADHF~0 T
FALTFx v AA—OBHEERTH %o
SRGEBG L}, BOIFECOMAIE vwbh

Tva, L LIoRBEOES TR, L
i IR E BB T A LR EAY RARETH
0%, HCEIEBE O & v OHESE, &R
HodSHLAKRRNCEEZ Dz, JHEARVLF
FEoZE OB (LR OBERDLERZ DT
B, TN FYFT Lo TFLOMBRIEDOE 3
a~OBIOBCRD B n, E3H% ol
MERB - T Z 5, 5 T SRt hsiegio
BEE LSRALTWRY, L LEFREDCK
EIROBI B 2T HITE Y B v, FEREHIZER
i, THHERHALPI ECTHEA, HHR
MBFHERLFEMBE A TUEL R v iey,
WBERINEELT A ENTE RV TOK
B, FAERPSRTIIEMERLRCDOTHD, K
FHEOME LS BB EY LR FET 0T
R E bl w3 Th 5. MEL, VER L
b2 5, KEBRBLLERR S ks eHFEE
h, BETZLin30THb, —F HIZO
—ETHIEOMA, H DIk BT,
HEERECHD oMo BEThIEE, £<
OEPERF NS D, T THHDIFED R
ENTHD, TVAF—RTFT 7 45%—LH
CIHHTOMERE, BROBFEZETILE I - T
VWEDOTHHIN? BRAEKKLIBECIFED
DFEBCRT, HCBELXHOHREIZLERT S
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Thymus {d
- TN
branchia
vt
Archetype
siqgsoid sp
&SE a0
O D
2
Cyclontomata
3
Gnathostomaia
4 Reptilia “mesozoic” Protothelia

separate sp

[0 R —— |

T D

I
B.Fabri.

.l bone marrow .i

Aves Euthelia

“cenozoic”

Fig. 24 Evolution of hemopoietic organs. (S. Miki)
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T RhBOTHD, FEEICR, ThoEdT~<T
BAHH 0 HRAE L~ v o P - TRIR - AR 2 B e RE
g x TR - & h, P LiigEsh 3
BECHALNIRETRZETHD, ZOBEPLRE
ERTBART?E, REREE Mivio
WBEORMN D bFME - R R THHEh 5T
DEERIEDBRLE VS T Lzt b, - THRE
HBERZ OB LADRME» LHEH T TolER
ETEREFTTObOE I T Ltk D, i
RREEBROTRTH, Th THE—RICRA?T]
BEE 2B, JE RERFOFLLEEIA TV
HRPERISSAAER &, ikt X 2 #H ko —
BIEL WS Z bichd, TUAX—REbTFH7
4 7% v—KiEb, HEoBETET AR L
S>TAFBERL DT LT D,
PEROEFoPLCE, BiisHREERD
BER Do, Ao e UL LTH
HEBELTBY, FMEELTET 2 WEL

RIS fifia v~ L oINS & R BB T & T

RBEBELZbDEVZE Y, ERECI—ED
BHEANTHRA A RZ — v 2B HBRKIE, 4
HER O D OB 2 ERNEET XA R
50, TRTORKZVBEMNROMIEcIES T
BRY LT3 LdRoR2VDTHS, b VA
HERFERO B S BE b2 Z L o 22v (Goe-
the), BCAIFM LY AT M T ERVFEE D
5Thd, LhL, EHbEVoTROTHEI W
VAFLEVIETL R,

ML~ ok - 3 - SRR o—E0 BRI
ETEREY, REKBRLELDL, SHORE
TR FE—Rgc RS ki, RS ML
SBBTERZ LI D, MRV OE{LE,
EEma iy T2, Fohbad L X VKD
EFZR oL E hh e RiLER 2 & ¥ -t A
AL 305, Z oMiELS i b AR LR
s & RIZERES 2 F b THIENBCR B FFIEL, P
WaRic SEdkD I 7 v 7 ) 7THEXEET
o Th LOMIEMIE I EERBRE OBERSE
EELAFEHERL TV 3, bbb LEHRER
B EEHEEROb ECBELTY 205 T
B, TOHOWIWEROBFOREEZRIT L
FIFFc, MM & v 5 HIRE v~ DO ERETH

- FAH, B A AZEE 1996 4

FBMIERo—Wo M X 5 FRIE - Sk - A3
MEIE - B - HEHOBRICAE L ZRFER Vb 5
WEHRE L VI L THBYY, THTHRERD, &
¥, [UECEE, BE, HrrEE» oEImYT
BB LEROGEL o ndh b DI
# (physicochemical stimuli) & 2 b L2z & -
TERZIZ2EVPURFTE 20 TH S,
ToksirEzLLAEL O HEREN M
B ESSAEY R LD THDZ LBT2 5,
%of,%rfftb%ﬁﬁ¥’kf5ﬁm i3
b (1) -k - S o BR O, Mk »
TL&%#E%&&H,E?#bM%TWkéh
TV OHREROFEEBEA L 1L nd. EE
b 2EARE» Y, F Bl BAR> ORR
%, RV R, XEERL>OLEY, ME KR
AR CREMR R EICES TR TOWE &
B, RELRETIREEMECRALT
T, REBEoRRE LTES b, 7R,
ILRELELZTREL LT IZbDTHD I LN
ShB, REOBBETIE, bOWATMERLT
BHRPAPZONEBEBTHDI D, MELLEDO
X, BB, B B, el TR OB
BEDIEDL, PPORER & H{LER, WREHRD? L O
WINFZT b bRHBEOE Y, [E LML BE « W
REFERIZIHAE LTV 2HBCHERZE TH B,
I THEOB L AHOBVEEVEZI LT
Hro. NELWOMAFLKRTHERL b
XY HFEELRY. W o BARES] (EBEEE
Euthelia) o+~ TiX relict & LTt MIHT D
WS TVEnbThHbD, LELYRT LiEME—
FET 3, AWREIZEE 5 &, WBEHOERICLY
OMERASFIREL 2 %0 THAEEZFEBLERYD
AL KREROBERNXET, ABFEOLD
ThaY, OMFREABRKY v 80s2 6
ForsLzry ol e R EET S, 2o
DO ORI, SBRICHFEET 3R (Thymus) T
» v (Fig. 24, 25), 48 (Fig. 21-a, b) &jh
(Fig. 18) L LHRIBE TH 59, HBo#d L Rk
OEIEERMICIE, RILEEZ LN D, AR
T, ST - RIBBREEL TV, ST
FEEGIRT T2 FoRKE26TMEH, B
B2 - BIFCIRER, SUR O MRERIAOMBR» SRR &
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Fig. 25 Schema of the lymph-adenoid tissue of the air way (Fiorettie modified).

h 3, SBoiEd, O ixfiih ok LREMA
POFMRNBFTEINZ LV AFLOE 2H 25D,
EeFE L REE Y 2 LT oA FE S,

JERA TR Y v Bk, Y Ry 4 RRFE TR
Bk AFE I LELLR S, BRicdAFAEAN
MR OREEE - TTHRSHFET . WHEO A
EARMLBR IR MERE & 72 53, THIRFRINER SRR &
REEH 2 OSBWOH L9 b E D Bl EEED
TeDEEEREEL, HBRLTVI D2 LA
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b b, KOLBEPOBFHEBY O EBEE 2\ LEDOUT
B> LR LICHARAEO OB 2 75T 5 L,

O - BEE Y o g, HURAR - BIFRAR, Mol

B, BT IR, R BFE T -BB2HYY,
ThOEHORE L 2 DFEFOBEBROEIER, B
ek & FRMLER O FEfBERED Z 2, RNOW & WRD
PEHTh v, EEOIBE Tl & AR O I
EHEEEITS . B bAR D L bic RFIoFE L
WH T ki By, Fig. 21, 2238808 L T
H Y, ¥z Fig. 253t ro oK TH 5,
EhicgErsEH LT EEEZ LS, &
XEESE AN R L BRI AR 3 R I ER < Sk T
HE|BEL L THRLA, RkEAMECESTFOEL
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