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AR VIEEBERERBE FERICH T 3 Proinsulin,
Insulin DEBE AT 3 RERBFENAR

I\iE F5

4, proinsulin @ RIA RHHEIL SAMERKE < (oA R P IKFFENER# (NIDDM)
12 W T b MR proinsulin @A SE 42 RTERMDOH 3 ZepmMbhTW3. 5B NIDDM
DOHAFERH 3 FIOBMEBEERVT, 14/ T— N FiEERV-REBIEICL Y proinsulin,
insulin DB 7E 545 L, NIDDM (2 #(} 3 & proinsulin MEEDEEIZODWTEELS. 3
#EM S 2 6 (Case 1, 3 ) TH proinsulin {E(XZ{E %R L /=. Case 1 T proinsulin
DBREZNESDEROATH ( READMEERIICHBH LN, proinsulin 5 insulin ~®
IR ESTEET 3 EBbhf. Case 33, B#IAA(ZH (T 3 proinsulin DFERFFIE
WTH o, —WICHESDEROEMEAL &, LA ICERBB MBI S T TEL
WNED VIR S b EERLECDRiBENDITEELTRENZ DL EALNS. Case
2 (3 M proinsulin {ED#EME 4  , SRREBIE T proinsulin, insulin D/REIZEEE R
BHONED > HFEEEHIMET LTV

4@ 5 M7= proinsulin @ B #IBATOERK, iR, SMEEOREMRE, NIDDM
DFEREEADLETERAL LD EERAS. (B 5 4108 22 HEA)

Immunoelectron Microscopic Studies on the Localization of Proinsulin
and Insulin in the Pancreatic Islets of Patients with Non-Insulin-
Dependent Diabetes Mellitus

Ayumi Yawata

An increased serum concentration of proinsulin has been reported in newly
diagnosed inéulin—dependent diabetes mellitus (IDDM) and most cases of non-insulin-
dependent diabetes mellitus (NIDDM). It has been accepted that an elevated
concentration of circulating proinsulin may serve as an early indicator of B-cell
dysfunction. However, the precise mechanism of hyperproinsulinemia in diabetic
subjects has not been elucidated. In this study, localization of proinsulin and insulin
in the surgical specimens of the pancreatic tissues of four non-diabetic subjects and
three cases of NIDDM was studied by the immunogold labelling technique for
electron microscopy and a monoclonal antibody to biosynthetic human proinsulin that
does not cross-react with human insulin and C-peptide. The immunogold labelling
technique made possible the electron microscopic detection of proinsulin and insulin

JNIGERERE  NEIASWERRT Division of Endocrinology, Department of Internal Medicine,
T701-01 BBHMESTT Kawasaki Medical School:577 Matsushima, Kurashiki,
Okayama, 701-01 Japan




284 g R 2 = 5%

on thin sections of human pancreatic B-cells, utilizing the monoclonal antibody to
human proinsulin and polyclonal antiserum to insulin (cross-reacted with human
proinsulin) .

The serum proinsulin concentration was markedly elevated in two out of three
cases of NIDDM (Case 1 and 3).

Proinsulin was detected only in immature secretory granules and the Golgi
complex, but not in the mature secretory granules of pancreatic B-cells of four non-
diabetic subjects. _

In case 1, proinsulin was detected not only in immature secretory granules but
also in mature granules, indicating an impaired conversion mechanism of proinsulin
to insulin in pancreatic B-cells. In Case 3, proinsulin was localized only in im-
mature secretory granules and not in the mature secretory granules of pancreatic B
-cells, and immature secretory granules were increased in numbers. The results
may suggest that proinsulin may be secreted from these immature secretory granules
in this case.

In case 2, in whom serum proinsulin was not elevated in circulation, proinsulin
was observed in immature secretory granules and not in mature secretory granules
by the immunohistochemical technique.

These results indicate impairement of normal mechanism of biosynthesis, conver-

sion and secretion of proinsulin in the pancreatic B-cells of NIDDM. (Accepted on

((819% 45 1993)
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sulin ® K& 1 insulin & C-peptide 43X
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N 5. KM MM O proinsulin ® & & 1%, in-
sulinoma M E proinsulin MIFED & 5 25
BRETIIELL LR T2 2 EHIONT WY
% p3? | T4E proinsulin @ RIA RSHENL S 1,
BRKRE QWA YAV YHEEKEFEFERRF
(NIDDM) &8\ T ¥, [ proinsulin JEEH
BN 2GRN H 5 2 ENRE SN TWBEIO,
Proinsulin D4 hENRE & FEIRIF O FRE BT 2
BFRPEH SN T WSS, RIZZ OFEMIEREH
TH5. 4E, £+ NIDDM BEDOEBICB W

® Proinsulin

(3 Immunohistochemistry

THREHBILFR I X D proinsulin, insu-
lin OFEEHEET L, NIDDM IZ 81} % 5 proin-
sulin MFEDFEEIZ DWTEEL 7.

¥R EHFE

X &

NIDDM & # % &7z 3 BIOARIFEMIZ L D
Bonl e IR E LT,

Case 1 58 5 1, 162cm, 53 kg, 1973
fEHH 1z NIDDM & 2Z2H7 & h19904F &
Y gliclazide 40 mg ZHRA L T\ 5.
HbA,: 9.4%, IR+ CPR10ug/day.

547 20 Mk, 154 cm, 42 kg, 1976
£ Y NIDDM & L THEL T3 .
BfE NPH 4 > 2 ) >~ 10U OEFEHE
HES 217> T3 . HbA. 10.8%,
PR CPR 15 pug/day.

Case 2
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Case 3 82 B 1, 171 cm, 63 kg, 1964
HFL Y NIDDM & LTA R Y ViR
BEIT->T\W5BH, T ho—)LiREE
BAREETHY, LiIZUIE HbA I
10% LA EER>TW3 . BREFREHA
YA v (/RY 30R40%® ) 24U
£, 14U ¥ RHiESIC TEH.
HbA,c 8.9%, IR CPR 8ug/day.

FEBI 1, 2 D glucagon test & fER 3 DIAE
HAZEIOFER % Table 112777 .

WL U TR IEREIRFRE TH 5 441
(60RE ke, 53BN, S5RFBME, 626k4t)
ARIFERIC & DB o BB vz,
BoRahicBIL Tk, BFH O informed consent
57

F &

® ZEBEE

HYT U 7 AR 22 . 5% glutaraldehyde (2 T
0 BFRIE E#, 1 % osmium tetraoxide T 1
RS, B L7z, 7aa—VRIIThiAkL, ©
K¥ RgIcEE, BEYRIFR, BFRY o>,
7 T UEERT 2 B A EIT, FRAE T
% JEM-2000EX 11z TBRZEL /.

© REEH

BRETFMIC & D & o B L 3 400

1mm WYL, 4 % paraformaldehyde ¥
i th120.2% glutaraldehyde % & iR & A
(0.1M V) v EBfEfER, pH 7.41C¥M) T4°CT
—RREE UEESRE E Lz, ) VEBEER TR
Wik, ¥ —VRFITHALELZDL,
Lowicryl K 4 M? 12 —30° &4MEES 2TV E
W7z, YR 2 ES Unickel gridic &> 7z.
4 9% Yu 8 13 1% bovine serum albumin
(BSA) T blocking #&, 1 Ik¥ifk & KIG& ¥ 7z,
< APLt b proinsulin monoclonal Hifkix 1
% BSA fin Tris buffer (pH 8.2) TI100fZIzF
L, 4°CT—HKIG & ¥z, Z OHiproin-
sulin k1%, insulin, C-peptide & BREKIG
BRI RO, ELEY MIYY, TS
insulin FfAZ1000f5 AL, 4°CT 2 KR
JBE¥72. AHiEIZE b insulin & 13100%, t
I proinsulin 25 %DREREERDIz. V>
SIS TP ¥4, 10nm gold conjugate
solution (Biocell 1, Cardiff, UK) & =ig60
SRIGXET.. BilgY 5> T64, 7T EEh
T1HE 2 BEpfr L. BRCIEAIET
PEfEE JEM-2000EX II 2R L /2.
® IMfkLE > EDHE
[fiH proinsulin 1% proinsulin IZHFEHY72 M
BEAWIESYAA LTy AR LD HE
L 729, M insulin fEiXA >

Table 1. Glucagon Tests and Diurnal Rhythm of Plasma

Glucose in 3 Cases of NIDDM

AV v e YTE=XI (¥4

F Ry ittk) & A v 7zImmuno-

Case Glucagon test, Diurnal rhythm*
radiometric assay(IRMA)
Time (min) 0 2 6 | 10 | 20 Bz L DEEL.
. BS (mg/dl) 108 | 109 | 114 | 118 | 132
Insulin (xU/ml) | 8 | 14 | 18 | 23 | 18 i 3
CPR (ng/ml) | 3.1 |3.6|4.2|4.8|5.0
1. ZRYEFEICL3EBM
Time (min) 0 2 6 | 10 | 20 g
2 BS (mg/dl) 147 | 145 | 153 | 160 | 168 FEEERIRE OREICB W T,
CPR (ng/ml) | 1.5 | 2.4 | 4.0 | 3.6 | 3.3 W7 REBRANIIE D709 1
. % B#ifass L. BAIKIR
;| [Clock Time | 8° | 10 | 12 | 10 |17 |19 | 22 Fﬁ?¥%§®f%gwﬁ%
BS (mg/dl) | 78 | 95 | 90 | 167 | 119 | 161 | 153 ROE (core) b)TﬂEE’ o
L BRAB O’ (halo) DIE H <
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RIEOEKBTMER BB ANz, £z,
Golgi ZEBE X D WS NI-ER TR, BB
BEIN TV EWETEEOHE S IFER bR

» stz (Fig. 1-A) .
NIDDM DRz 8WTIiL, fEFI1 & 2 TIEB
MR B 7 B DT R & 4 & 8 B LISt
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BRI Z Lo Tz, ERI 3 TIE% <
O BN THMERNE LB LTED,
Mg R KNE £ EE K E SO vacuoles
BED TWiz. MBI E 2 S 3/ IR
W W EHEEE L CHEN L T 7z (Fig. 1-B) . fER
3DRDTKEIZB T B MBI EHIZ S
WERIDSEIIL TB Y, Ry iR o
R & CROINEERL & 1ZIZ[E CEIE TR

» o5t (Fig. 1-C).
2. REBHEICIIBE

a) FEWERIEGI

proinsulin O JF7EIZ, Golgi ZEiE & ShED U
R E & LCEED 5 lz. Johnson 5 DFF
Bz X D& LTz gold particle 25FE T 3% &,
SRS ILEERL T 70+ 18 gold particles/granule
cross-section, BETFEE DKW core % b D3

Fig. 2. Immunoelctron micrographs of pancreatic B-cells in non-diabetic subjects.

A. Proinsulin : Proinsulin is located mostly in immature secretory granules, but
almost none in mature secretory granules.
B. Insulin : Insulin is detected in all of secretory granules, especially at the core

region.
Bar indicates 0.2 ym.

« Fig. 1. Transmission electronmicrographs of human pancreatic B-cells in non-diabetic control

and in the patients with NIDDM.
A. Non-diabetic control

Substantial number of secretory granules are observed in B-cells. Immature secretory
granules of a low electron density are also seen, which are coated with limited

membranes (V).
B. NIDDM (Case 3)

The number of secretary granules in the B-cells is reduced. Numerous vacuoles are

observed.
C. NIDDM (Case 3)

Whole cytoplasm is occupied by numerous secretory granules, and also by increased

immature secretory granules.
Bar indicates 1 um.
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HERI ik, 20+6 gold particles/granule cross-
BB IEERIIZ BT UE 2 £2 gold
particles/granule cross-section TH - 7z (Fig.
2-A). Golgi Zi& 213 70+£6 gold particles/
pm?DFEMEEFTED 7.

Insulin @ FTE X, &S WER I 1515
gold particles/granule cross-section, B#>
WMEERI T X core DEFIZ, 62126 gold parti-
cles/granule cross-section, halo DER53 1T 1%

section,

3+2 gold particles/granule cross-section 2
»oh, insulin i3E & U TR LEERID core
CHEET B EEZ 5Nz (Fig. 2-B).

b) NIDDM

proinsulin DfFfElX, Case 1 & Case 2, 3
ETREL - Tz, Case 1 DS IBEERIIC
B TIX 90£25 gold particles/granule cross-
section, BBV ILEERI Tl 15410 gold parti-
cles/granule cross-section & ¥h7 453> WhEERL b
S T UFERLIZ W T2 % & TR T OSWFERIZ

(BB19% %45 1993)

a2 7z (Fig. 3-A). Case 2 TlkgE
S UAFERL W 13 2515 gold particles/granule
B B3 W5 BB R C 13 513 gold
particles/granule cross-section @ proinsulin
DFEZRY, ZOFEE X control LERFEEEL
THESIUERIZH Y |, control IZ i L T4t
HIFET LTz (Fig. 4-A) . Case 3 3R
U7zERD Tl Case 2 LEIFEDHERTH - /2.

Insulin O¥EFF R Case 1, 2, 3& TP
FIRE CYhE S W EER I 1016 gold  particles/
granule cross-section, XEHIAEERLD core
12 32+16 gold particles/granule cross-sec-
tion TH Y, FEEIX control & FIAETHREM I
ETFLTw (Fig. 3-B, Fig. 4-B).

3. mepRLECOREZR (Table 2)

M insulin @3 Case 1, 2 TEMETH -
7z. Case 3 TIHEEMA VAV U EE 1205
BOFEIMT 400 U/ml Th-7z. [ proinsulin
ffix Case 1 & 3 CHif, Case 2 TIHMEETH

cross-section,

Table 2. Serum Insulin and Proinsulin Levels in 3 Cases of NIDDM

Serum insulin, Serum proinsulin, .
A molar ratio of .
C »«U/ml pg/ml L. Insulin
ase insulin to .
(Normal range (Normal range roinsulin antibody
at fasting : ~10) at fasting : 32+ 6) P
. not
1 3.6 181 1.25: 1 determined
. not
2 3.75 22.7 10: 1 determined
3 40 179 (13.4: 1) Negative
Case 1 Blood was drawn before lunch.
Case 2 Blood was drawn at 26 hours after injection of insulin.
Case 3 Blood was drawn at 12 hours after injection of insulin.

> 7. Case 3 iZEHIZi 725 insulin #HEIT
Holzh, M4 >R Uikt Th- 7.

% 2=

FATE insulin DAEEHK & WZBI L TR D &
SIEzZSNTWS. TixbbHE/IMIKDY
RV —AIZBWT preproinsulin 320K i,
/N E N T signal peptide 23UI¥i & % .
Z D, Golgi ZEEITE S NEHE SN THWFERL

R &3 . % LT proinsulin %5 insulin ~
DELHA 13 carboxypeptidase & D EE SR 3@ X,
WS uhEER: (Clathrin (288 & A7 50 WA EEY)
AN TIThits ™2 BRI TS insulin OfE &b
DHEITL, BHIFER D core 2 #E&{b L 7z insu-
lin #%, halo i 1% C-peptide 3L, B
S E VR ENS . SEIOMFERERTLIE
RIS HITIx, proinsulin iX3F & L T Golgi 3
B & Y BRI FE L, Orcl 5 OfER&—
H L7012 Insulin R T, YA WAEERL ¥ B
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Fig. 3. Immunoelectron micrographs of pancreatic B-cells of the patient with NIDDM (Case
1).
A . Proinsulin : Proinsulin is detected both in the immature secretory granules and in the
mature secretory granules.
B. Insulin : Insulin is observed at all of secretory granules but the intensity is rather
reduced compared to non-diabetic control.
Bar indicates 0.5 gm.
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Fig. 4. Immunoelectron micrographs of the patient with NIDDM (Case 2).
A. Proinsulin : Proinsulin is located in the immature secretory granules mainly but the
intensity is reduced compared to nondiabetic subjects.
B. Insulin : All of secretory granules are labeled with colloidal gold particles but the
extent of intensity is less than that in non-diabetic control.
Bar indicates 0.5 um.

1993)
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AOWER I RIE 2RO 2 ek, FERLE
insulin ¥if&»3, proinsulin £ XEKIGE2ET %
AT EEZOND.

NIDDM o 3 fEff|D 3 Bl proinsulin B3
EEEZRLDI Case 2 DATHY, Case 1
E3REMEERL.

Case 2 IZEERANCIINEMEA >R ) > D53k
MEFLTED, AR v 2PVBFERTTH
2 . £aySEEHETIX proinsulin, insulin O JFEI
BERERL, NFOREEMETLTWS 2L
XV insulin DEFEIMET L TwB L& SN,

Case 1 bWNEMEA YAV > DWIHMEFLTE
D, ROMERETHTHEINTHL S . KEH
D7E proinsulin MEDER & LTEZSNET
L%, BB O control @ B B M i T i,
proinsulin 133 & U TEESMBFERICHE/EL T
508, REFITIEX, PFEFERLO D% 5 T T
WEER I B SN/-Z L LD, proinsulin 225
insulin \DEZHAEELTFELE L, proinsulin 2%
G A WSER DI ANR S5 T L H#E
fahs.

Case 3 1304 insulin BB Z1THo> T3
av b a— VRER2KDOESITH S . BHHIC
Ao, DUWBENSES LOREOREEL
vacuoles O BILORIILIE, &> EER OB
TUEREC D EEZONTVWE. ZDEI %
FRREMEOSR WGBS CAONE EEDbR
T3, BERRICRR BB EWY . &z,
JEE I WEBROWE 2 T3 BHICBWTIE
S ULTERL b HEERD S, REFEBHICB W
T i proinsulin D FFEICRE 2D P> 2
LEREZEDLTE, FREFIDOF proinsulin MfE
DFERZ insulin DR ZARREICEEDKIGL, B
P IBFERL D A5 & TSR £ THER
ENTWVLLHEEELH S L Ebils.

X

NIDDM i3#getER B O EFEE <, WHRE
LTHbEHERTFOIEMCEEL T E—0
FEELTES 22w, SEBRRL 72 3EH
EbhAVAY Y, ROMBERETAIC X D REDLS
T TB Y EERE b EMiz 5 U T 2 AalRedk
BHY, SHREBEFZEL L TRE T 2 40%
MDD 25 . FERFHIRRGNC 36\ T3 ik
2R & > T3 proinsulin O IXREET
Hollz, VEBIOBOZE D ELED
o RE%, BIELUBERNICHZT 5L
REECTH -7z, L LBEZ CHYE 7V
4112 13 NIDDM DFEEBHOImEIXIE LA LR
¢, &[EE 57z proinsulin @ B il TOE
B, #R#R, SEREOEF TR NIDDM OfF
WEZEZ2 5 LCERZbDODEEZS.

ez 2 by, BEEIHEEE VIRV INRIA
SIERFT WEHESHE, IIRERIKRELERER 1E
BFIERERCELE R 28HE2BIT 7. JIEERKES
BHHE  EFEEEEE L 0 SRR R BEL
BHE O EEIESH O LET. KA, BLLIEE
LBIH BT 7 & & LI IIBERKZNSMBNRIED
HREBFREH L LET. FLAMETCIEERL
biosynthetic human proinsulin i Dr. B. H. Frank &
Dr. R. E. Chance (Lily Research Laboratories) & &
Dt5 3, 9 proinsulin OEIT B L T3=2mb
E—y—xNDIHIEVEEEE L. BENRRC
BIL CiRJIIEERAEEE ¥ ¥ — &L DB 2\ 7E
EFE L. BLXBHLHBELDOTET.

KRR 4 FE H AL FIRBEU R IIREER
HEMBSEIEY (BEHEERIRE) B X UK
2 EEIFERKE 70 Y = 7 MFZE (2-401) OB
230 CiTbnlz. WELC#BER2HobLET. KR
XOERIX, H36E HFFERRFSEREMES (PR
5%508) WBLTHRELT.
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