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An electron microscopic study of the glomerular alterations of pure-preeclampsia

Soujirou OGINO

Department of Medicine(II), Niigata University School of Medicine, Niigata, Japan

Ultrastructural glomerular lesions of preeclampsia were studied by electron microscopy in 39 biopsy
specimens from 36 patients. Postpartum biopsy obtained on day O revealed marked narrowing of the
capillary lumen due to endothelial cell swelling, massive subendothelial and mesangial deposits containing
lipids and fibrillar fibrins, monocyte invasion in the mesangium, and rupture and duplication of the
glomerular capillary wall. Duplication of the glomerular capillary wall generally consisted of the glomer-
ular basement membrane (GBM) and a newly formed mesangial matrix associated with mesangial interpo-
sition. However, it was occasionally seen as the GBM and a newly formed basement membrane-like
material attached to the GBM side of the endothelial cell membrane without interposing mesangial cells.
Podocytes contained many protein resorption droplets in which albumin, immunoglobulins, complements
and fibrinogen were observed by immunoelectron microscopy. The massive mesangial and subendothelial
deposits were reduced in volume 2 weeks after delivery, and endothelial swelling decreased 3 weeks after
delivery. Widening of the subendothelial space of the GBM was still apparent 5 weeks after delivery,
although no deposits were observed. By 8 weeks, this widening was not evident. Foam cells and an increase
in the mesangial matrix were noted 2-6 weeks and 5-8 weeks after delivery, respectively. Focal glomerular
sclerosis lesions were detected in 17 cases. This lesion may have resulted from massive subendothelial and
mesangial deposits, rupture of the GBM or epithelial detachment.
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Table 1. Clinical data of the subjects
Date of Parity Blood Pressure(mmHg) Proteinuria(g/day) s-Cr(mg/day) Cer(m//min)
Case Age renal biopsy ) during at during at during at during at

postpartum Gravid Para pregnancy biopsy pregnancy biopsy pregnancy biopsy pregnancy biopsy
I HK 25 0d | | 174/100 174/100 16.3 16.3 1.0 1.0 93.0 93.0
2 YY 24 0d 2 I 200/140 200/140 35 35 2.3 2.3 13.2 13.2
3 KT 32 0d | | 160/ 100 160/100 19.7 19.7 2.3 2.3 33.8 33.8
4 Al 32 2w0d 5 3 150/100 142/ 86 4.1 3.9 0.8 0.6 63.0 79.0

5 MF 39 2w0d 2 I 170/ 98 134/ 64 4.9 2.4 0.9 0.7 88.4
6 NS 25 3wad | | 170/110 90/ 60 12.0 10.5 0.8 1.0 71.0 58.0
7 YH 33 3w3d | | 180/110 136/ 90 10.0 3.6 0.5 0.5 82.6 125.6
8 NS 25 3w3d | | 120/ 90 90/ 70 1.9 1.5 1.5 0.7 33.0 123.0
9 YK 29 4w0d 2 | 160/100 136/ 82 30.0 1.0 0.7 0.8 125.6
10 MS 27 4wbd | | 170/110 140/ 88 1.1 4.8 0.8 0.8 71.8
Il SH 34 4wéd 3 3 140/120 130/ 96 15.0 3.1 0.9 0.7 44.2 97.2

12 NH 21 4wbd | | 146/ 72 120/ 70 21.4 3.6 0.8 0.7 87.1
3 KT 2nd 32 4wbd | | 160/100 112/ 80 19.7 0.5 2.3 0.9 33.8 78.1
13 YK 29 5w0d 2 | 128/ 80 132/ 86 6.0 2.3 0.8 0.8 70.7 90.2
14 TT 40 Swad 7 1 166/100 130/ 90 25.0 0.3 1.7 57.5
15 HW 2l Swad | | 192/120 118/ 63 7.0 3.1 0.8 0.5 85.4 122.9
16 HH 31 5w3d | | 184/120 117/ 712 18.0 1.4 0.7 0.7 92.3 73.8
17 MS 25 Sw3d | | 156/ 106 130/ 70 7.7 1.0 1.0 1.0 87.9
18 IK 29 Swéd 2 2 160/ 90 168/ 94 2.5 1.8 1.7 104.2
19 HO 33 ewld 2 | 182/130 180/ 98 9.0 3.2 2.3 2.4 25.5 26.4
20 Ml 37 6wad 2 | 220/130 150/ 88 5.5 1.0 0.9 0.9 63.6 60.1
21 Sl 3l ewad 2 2 158/ 98 134/ 94 4.0 46 1.1 51.1
22 YY 27 ewdd | | 170/120 124/ 14 28.6 5.0 1.2 1.1 89.0 75.0
23 HS 20 6wdd | | 136/ 90 110/ 60 7.0 6.0 0.7 0.5 103.8
24 Si 27 6wdd | | 160/100 126/ 76 4.8 1.2 0.7 0.5 100.8 122.7
25 EM 32 6wdd 3 3 154/116 102/ 60 21.6 6.6 1.1 0.6 47.0 108.0
| HK 2nd 25 7w0d | | 174/100 122/ 76 16.3 0.2 2.3 0.9 93.0 93.0
26 HI 33 Twbd 3 2 180/110 130/ 80 40.0 2.8 0.7 0.9 67.8 96.6
27T RM 26 8w3d | | 170/110 108/ 66 7.5 I.1 0.9 0.9 57.0
28 KS 24 8wbd | | 150/ 60 120/ 80 37.0 1.7 0.7 0.7 81.0
29 SS 38 9w3d | | 140/ 70 154/ 70 0.1 0.6 1.2 55.9
30 KY 21 | lwOd | | 150/ 80 97/ 64 1.7 0.8 44.7
31 SN 32 | lwOd | | 180/120 140/ 80 8.0 1.2 0.9 0.7 143.0 80.2
2YY2nd 24 1 3w0d 2 | 200/140 120/ 74 35 0.5 2.3 1.1 13.2 30.9
32 TS 27 16w0d | | 150/ 88 118/ 68 7.0 0.6 1.0 0.7 52.6
33 Yl 34 | Twad 3 3 200/100 120/ 74 12.0 0.6 0.9 0.8 114.8
34 TG 38 18w0d 2 2 130/110 114/ 76 0.3 0.8 105.5
35 KY 30 36w0d 2 2 168/116 120/ 80 9.0 0.4 0.8 172.1
36 S8 22 40w0d | | 180/100 100/ 60 6.0 0.3 0.9 0.5 136.0

w: weeks d: days

7 AE L MREBOWE % 5 BT, FTROA SN
SARMEEH % grade of distribution & L THU{E TR L 12,
WEGIBARED 3 £ Tk, PRI L Bk L, %
BRI B D N B T REASHAR L Tvatee T DN EHIAY
THeEd & 242 F w7 AW T T deposit BFEFELE L,
deposit Wiz i3, 74 7V > O #riH, BEH © R (lipid

debris) 7t & b D Sz (Fig D —7, A F 7 A4
KEOMETHIEFED v, FEL T LA TRETH-
feo Elz, AV F U ASEOWTEORREE LB, ik
b itk A o h, £ OMREEMRT A Y > F 7 AHE
i (mesangiolysis) # 2 L Tz, BR300 A B> F 7 AH]
A partial mesangial interposition (k- MitkiciBo sk
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Table 2. Lightmicroscopic and immunofluorescent findings of the glomeruli in the subjects

Date of Mesangial Podocyte

Case  Age renal biopsy Proliferation d(l]‘alp.ulla.ry Deposits ndothelial = i Adhesion T 09 il .
postpartum —cell " plication swelling droplets lesion lgG IgA IgM Clq C3 C4 Fib
| HK 25 0d — FS FS DS DS FS - -+ + 2+ + 2+ +
2 YY 24 0d FS FS DS DS DS FS - - + + + £ + = +
3 KT 32 0d FS FS DS DS DS FS - - + + 2+ 2+ + 2+ 3+
4 Al 32 2wld DS FS FS — FS — + - 4+ £ * = £ = +
5MF 39 2wod  FS FS FS — FS — - -+ o+ o+ 4+ o+ + 4+
6 NS 25 3wad FS FS FS - FS - + +
7 YH 33 3wdd — FS FS — FS — + - - - = - - - %
8 NS 25 3w3d FS DS FS — FS — - - - - = - - = =
9 YK 29 4w0d FS FS — - - - - - + - 4+ = + - +
10 MS 27 4wéd FS FS FS — FS — - - 4+ + + - - - 4
Il SH 34 awéd  FS DS DS — FS — - - - - - - - -2+
12 NH 27 4wéd DS DS DS — FS - - - 4 4 4+ = = = 4+
3 KT 2nd 32 4wbd FS DS FS FS FS — + + + 4+ + + + *+ +
13 YK 29 swod  FS DS FS FS FS - + + - 2424+ + + + 3+
14 TT 40 Sw2d — DS FS — FS - - - x4+ 4+ =+ = 4+
15 HW 21 Sw2d DS Ds DS - — — + + + + 4 - - - 3+
16 HH 31 5w3d FS DS FS FS - - + + 4+ £ - - - - 4+
17 MS 25 5wid FS DS FS - - —_ + - 4+ *x 4+ = = = 4
18 1K 29 bwbd FS DS FS FS — — + + - - - - - 4+
19 HO 33 6wld FS FS FS FS FS — + +
20 Ml 37 Gwad FS FS FS —_ FS — - -+ x - - = +
21 8l 31 Bwad FS DS FS — FS —_ - 4+ - - - 4+ * +
22 YY 27 6wdd FS DS FS FS — — + + - - - - - - 4
23 HS 20 6wad FS FS — — — — - - = - 4 = = = 4
24 8l 27 Bwad DS Ds FS FS FS — + + 4+ = - - - - 4
25 EM 32 6wdd DS DS DS FS FS — + + - - = - 4+ - 4+
| HK 2nd 25 Twod DS DS FS — — — - - 4+ 4+ + = =+ +
26 HI 33 Twsd DS Ds — FS - - + + 4+ £ 2+ + 2+ + +
2TRM 26 8w3d — DS FS - FS - - - 4+ o+ 24+ - — — 2+
28 KS 24 8wed FS FS FS - FS —_ + + = = 3+ - 3+ - +
29 §S 38 9w3d FS FS — — —_ — - - - - - - - _
30 KY 27 I lw0d FS DS — — — — + + - - - - - - -
31 SN 32 | 1w0d FS FS FS - FS — - I
2YYend 24 13w0d  — DS — - — — - -+ - - - 4 - %
32 TS 27 16w0d FS FS FS FS FS — + + + + + + = *+ +
33 Y 34 [ 7w2d FS FS — — — — — T
34 TG 38 1 8w0d FS FS — — — — - - - - - - - - _
35 KY 30 36w0d FS FS — — _ —_ - - - - - - - _
36 SS 22 40w0d FS FS FS — — — — - - - 4 = - = %

w © weeks, d : days, F : focal, D : diffuse, S : segmental

A, AR A Y v F Y AR A circumferential  mesangial N EZ IR e 0 deposit THj 12 3R BEE WD Sh, B
interposition(CMD) 3 —#fic DA A S, | FlicidiEH % BPAMBATRI I OHEBRMSEYES L VHEBCEEZS
Motz REESHIAN BHINT T REDs & A 3 > F 7 AR i t, (REFREDI HEIC A& X 7z (Fig. 3a, b)o | BT i3 R BR{ASE
T, HIMEE D interdigitation MTEE L, KRNI Y VY — R O W 2 TEAE L /2 (Fig. 4a, b), (REFEED L JEHINT W
LADEGHEKE Bbh sHila0 R ¥ b B 7z (Fig. 2), & i, R4rAY7: BSR4k foot process loss & Bk i B F
fo, AV rEY AHROMAZHEDY, NEHRCELT  #HEORWKERY VY -—LE2FD,
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Fig. 1. Case 1: HK, postpartum biopsy
day 0

Note swollen glomerulus due to mesangial
and subendothelial expansion accompanied by
massive deposits. Also note marked narrowing
of capillary lumen by swollen endothelial cells
and massive subendothelial deposits. Large
and dense lysosomes can be seen in the
podocytes. (% 300)

“ Fig.2. Case 1:HK, postpartum biopsy

day 0
Monocytes can be seen in subendothelial and
mesangial region. Subendothelial deposits
occupy the subendothelial space. (X 2,100)
Mo : monocyte, Me : mesangial cell, E : endoth-
elial cell, * : deposit
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Fig.3. Case 1:HK, postpar-
tum biopsy day 0

a . Note marked narrowing of cap-
illary lumen due to endothelial
cell swelling. Massive suben-
dothelial and mesangial de-
posits containing lipids and fi-
briles can also be seen. Many
cell organellas can be seen in
the swollen cytoplasm of me-
sangial and endothelial cells.
Lipid containing vacuoles also
appear in the mesangial cells
and monocytes of the mesan-
gium. (x2,100)

b ! Same glomeruli stained by PAM
revealed duplication of the cap-
illary wall that did not combine
circumferential mesangial in-
terposition, rather it consisted
of the original glomerular base-
ment membrane and new base-
ment membrane-like material
adjacent to the endothelial cell
membrane.
arrow head ; fibrin

(g ote, BER S EOEMRBITIE, PILM TR
A ¥y AHEL O deposit 12 & S CiEEL,
deposit MFFELE L %2 V> P B2 MG T I o B K SR L H3 38
mu, I 2 AIRHEAREE 21 A & vz (Fig. 5),
PEM: 8 HLAE D AP TIE, PIRHIBE T IE D BA I
& SIS W & x> Ttz

—71, 5L B SNTWIZERIHY A V> ¥ 7 A
AR, EER 4BOERBPID S ZDHHBED L,
YA Xy AR, FGSHEE > TR
BENDbOVBEFETHo, FGSIHEEFD T
T =R R A Y ARA TR 2 ERIE
6 B> # T & - 1z (Fig. 6a, b),

A X A ORI, 7 EVIBARE O 45
T, ZOMRMEIIRTH o 7243, HEH» & R
£ TOWMMBREVERBITE, A& LTI
wmEi D, ERS~SHDEREITIZ, B
PEd 2 v ik — P 8GR S i R A B Y S A TA)

R ICREE T 5 &, PR 2HEOERPITIE, BN BHol(Fig. 7, i, AV ¥ 7 A, HER
B TRE & A9 > & AfHERIC R & M % deposit 1k, % 2~6 D 4Bl THIGAIY foam cell 3% < 4 & iz (Fig.
DEAEBFLSE D, KESbFEIL Tz, FEHR3IE  8), REFLEMIETE, BTFHEORHAYOY VY —A
DEMRBITIE, WEMIEOMENR b BE 20 2O b DR S HE COLRBNCEE S i, HERHC AN
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Fig. 4. Case 1. HK, postpartum biopsy day 0 (Xx4,200) alb
a : Rupture of the glomerular basement membrane can be seen.
b : PAM staining of this glomerulus clearly reveals the thin basement membrane between the endothelial and epithelial cell
membranes.

Fig.5. Case 1. HK, 2nd postpartum biopsy
7 weeks 0 day

Lipid debris and micro fibrillar structures, the
so-called filamentous zone, are seen throughout
the enlarged subendothelial space of the GBM.
Tightly woven basement membrane-like mate-
rials can be seen on the GBM side of the
endothelial cellular membrane. ( [1,000)
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Fig. 6.

Case 24 : SI, postpartum biopsy 6 weeks 4 days alb

a : Capillary duplication occasionally associated with partial mesangial interposition can be observed.
Note the marked reduction in the density of residual deposits.

b : PAM stain of the same glomerulus. (X 4,200)
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Fig.7. Case 1: HK, 2nd post-

partum biopsy 7 weeks 0 day
Increase in mesangial matrix and
focal widening of the subendothelial
space of GBM can still be observed.
Deposits are not seen in this period.
(x 1,400)
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Fig.8. Case 7. YH, post-
partum biopsy 3 weeks 3
days

Note circumferential mesangial

interposition, vacuoles contain-

ing myelin-like figures in cells
within the mesangium, so-
called foam cells and lipid
debris in residual deposits.

Endothelial swelling remains,

although narrowing of capillary

lumen is reduced. (X 1,400)
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Fig.9. Case 15: HW, post-
partum biopsy 5 weeks 2
days

FGS lesion. Increased mesangial
matrix, lipid-containing vacuoles
and cholesterol clefts in foam
cells, circumferential mesangial
interposition, cell debris-contain-
ing subendothelial deposits, and
narrowing of capillary lumen, are
seen in this lesion. Podocytes are
detached from the GBM widely
and lamellary. (X [,400)

F : foam cell, * : subendothelial

deposits, arrow head : choles-

terol clefts
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Fig. 10. Case 1. HK, postpartum biopsy day 0
Tubuloreticular structure (arrow head) is noted in the endothelial cell cytoplasm.
(% 7,000)

Table 4. Immuno-electron microscopic findings of the glomeruli in the subjects

Case | HK 0d Case 27 RM 8w3d
lgG IgA IgM Clg C3 C4 Fbg Alb lgG  IgA 1gM Clg C3 C4 Fbg Alb

Glomerular cells

Mesangial cell (lysosome) + + + - - + + - - + + - - - - =
Endothelial cell {lysosome) =+ + + - - 4+ 4+ - - - — - - - - -
Deposits + + + + - 4+ + + + + + - = = 4+ +
Lamina densa + + + - - + + + + + + - - = 4+ +
Podocyte (lysosome) + + + + - + + o+ - - - - - - - -
Proximal tubular cells
brush border + + + - - - + + + + + T
lysosome + + + - - - + + + + + - - - + +
TBM I e + + o+ - - - + 4+

T3, 35612, Koda &M [31@M:B 4 % &4 L fo v bl BRI T 2 2 e 8% EHE L T b, Lillian 5943
IR HEE 17 B @ 56 FGSIBZE 2Ry, A0 20 {3 o T fE I 35 P BEE O BE 1% (4~21 H) OB 44 7 Bl
EFRAROEBEHR  BESMESRE L, BARZEREK FGSHZ 2 7= 4, 76 S Bl 4% 95 2 o Hil ) ki
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Fig.11. Case 1:
HK, postpartum
biopsy day 0

Immunoelectron micro-
scopic findings for albu-
min. Intense labeling of
albumin is seen in dense
lysosome of podocytes,
so-called protein re-
sorption droplets. This
can also be seen in the
deposits as well as oc-
casionally in the lamina
dense. (x8,400)
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