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SUMMARY

A study was made of intercapillary glomerulo-
sclerosis (IGS) in kidneys of persons coming to
autopsy in Hiroshima and Nagasaki who were
members of the JNIH-ABCC Life Span Study sample ,
a preselected fixed study population. Factors
investigated were age, radiation exposure at the
time of the bomb, presence of other disease including
cancer, cardiovascular disease, cerebrovascular
disease, other renal disease, diabetes mellitus,
and leukemia. Because of difficulties in evaluating
histologic sections due to postmortem changes and
shrinkage artefacts the number of cases for study
was limited. Although not statistically significant,
IGS was present in more than expected numbers of
individuals who were exposed to heavy irradiation
as children and who died before age 30. In another
study, severe IGS was less frequent than expected
at age (0-6G9 but there was no relation between
irradiation and IGS. No significant relation was
observed between the presence of severe IGS and
other severe systematic disease. Further swdy of

additional casesis indicated.

INTRODUCTTON

Little is known of the delayed effects of sublethal
whole body irradiation on the human kidney although
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considerable information has been documented on
both immediate and delayed effects of localized
irradiation to the kidney region with high thera-
peutic exposures.l 6 At levels of 2000 ¥ and more,
extensive renal damage occurs and this involves
mainly the interstitial tissues and vascular apparatus
which leads to hypertension and renal failure. On
the other hand the effect of sublethal whole body
irradiation on animals has been studied exten-
sively.7-16

In controlled experiments, consistent glomerular
alterations are observed following irradiation.
These consist of progressive changes involving
primarily the glomerular mesangium and basement
membranes termed intercapillary glomerulosclerosis
(IGS}). The severity of response to ionizing radiation
is related to dose and age at the time of exposure.9,10
The most severe changes are seen in mice irradiated
(350-550y) at the time of birth.!!  There is an
immediate effect, consisting of degenerative and
involutional changes in the metanephrogenic zone,
and delayed effects which appear after a larent
period of approximately 3 weeks. The latter involve
differentiated glomeruli and these show a severe
degree of sclerosis by 2 to 3 months of age. The
latent period is markedly prolonged and the glomer-
ular lesions progress more slowly if the mice are
irradiated 12 or more days after birth. Studies on
mice exposed to partial body irradiation demonstrate
that direct renal radiation is required for the develop-
ment of the glomerular le sion.

Electron microscopic studies of glomeruli of mice
and beagles show that in addition to proliferation
and regrouping of the mesangial cells, focal and
diffuse subendothelial electron-dense deposits in
capillary basement membranes and mesangial
matrix were demonstrated.1?7 It is believed that
these deposits are related to an immunologic
process because: they contain antigen-antibody
complexes; they are progressive after a latent
period; they resemble the lesions of experimental
immune disease of the kidney; the severity of the
lesions is markedly increased if the thymus is
removed at birth 11; the potentiating effect of neonatal
thymectomy is largely inhibited by subsequent
splenectomy;is and fluorescein labelled globulin
studies indicare the presence of specific antigen at
the site of the lesions. 13

Other studies demonstrate that glomerular lesions
indistinguishable from IGS developed and progressed
spontaneously in normal nonirradiated animals as
they grew older and evidently are age associated

possibly resulting from continuous immune reactions
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against antigenic substances ecither of local cellular
or of viral origin.1:1?

The present study was undertaken to determine
whether the glomerular lesions observed as acceler-
ated lesions in irradiated animals and as spontaneous
lesions in aged animals were also found in persons
exposed to whole body irradiation at the time of the
bomb (ATB) in Hiroshima and Nagasaki.

MATERIALS AND METHOD

The JNIH-ABCC Life Span Study Sample (LSS)
selected from respondents to the A-bomb Survivors
Survey conducted at the time of the 1950 Japanese
National Census  and from other censuses during
1950-53 -was used as the basis for the study. Most
of the persons selected (95%) who reported exposure
to the bombs were individually interviewed for
location ATB. Actual whole body radiation in rad
was estimated (T65D) for 98% of those interviewed
The 1.8S sample

in each city consisted of heavily irradiated survivors

using accepted shielding factors.

and three comparison groups matched by age and
sex; persons who received little irradiation, others
who received no irradiation and a last group who
were not in either city ATB. Since 1961 autopsies
have been performed on approximately 40% of members
of the LSS Sample who have died. Kidneys from
these autopsies were used in the following studies.

Study 1
selected at random from the not-in-city group
autopsied between 1961 and 1968. There were 20
cases for each of 7 age groups from age under 20 to

One hundred and forty autopsies were

70 or older including equal numbers from Hiroshima
and Nagasaki and of each sex. These were studied
for age changes in persons not exposed to whole
body irradiation.

Study 2 All of the routine kidney sections stained
with hematoxylin and eosin were obrained from the
LSS Sample autopsies performed between 1961 and
1968 on persons exposed to an estimated dose of
100 rad or more and approximately an equal number
of cases with little or no whole body irradiation.
There were 316 aurtopsies which were studied for
glomerular lesions.

Study 3 Kidney tissue was ayailable from autopsies
on 31 survivors who were less than 6 years old ATB
(born between 1940 and 1945) and who died between
1961 and 1968 at ages .16 to 28. These were examined
for glomerular changes.
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Study 4 Kidneys from 94 autopsies of persons who
had been exposed to 100 rad or more ATB were
compared with kidneys from 91 persons who had
received little or no irradiation. This study was
designed to avoid postmortem artifacts and auto-

lysis and was the main study of the project.

The routine hematoxylin and eosin preparations in
the ABCC files in Hiroshima and Nagasaki were
used for swdies 1, 2, and 3 supplemented at times
by additional sections stained by PAS and Rinehart-
Abul Haj methods.7 Many cases were difficult to
interpret because of advanced postmortem changes,
poorly fixed tissues etc.

In study 4, a pathologist who did not participate
otherwise in the study of histologic sections,
examined the routine hematoxylin and eosin stained
kidney preparations from all autopsies of persons
who received 100 rad or more ATB. Postmortem and
technical artifacts were judged solely on the basis
of appearance of the nuclei and cells of the proximal
tubules without consideration for the appearance of
glomeruli. ‘There were 94 cases which showed little
evidence of postmortem tubular change and Wwere
considered acceprable for further study. The statis-
tician then submitted lists of autopsies of persons in
the 1.85 sample who received little or no irradiation
ATB. These were examined by the same pathologist
who used the same criteria for histologic accept-
ability. There were 91 acceptable cases matched to
the irradiated groups by age, sex, and city of which
88 received less than 1 rad, two received an esti-
mated dose of 1 rad, and one received an estimated
dose of 2 rad ATB.

The original paraffin blocks in all of these cases
were retrieved. There was an average of 1.97
blocks of kidney tissue per case. These were
given code numbers selected from a random list of
numbers and were recut at 4 microns and stained by
hematoxylin and eosin, periodic acid-Schiff, and
Rinehart-Abul Haj methods. The sections were
then examined by the principal investigator who
graded the glomerular mesangia without knowledge
of age, sex, clinical data, year of death, or radiation
exposure. The grading of glomerular mesangial
lesions was based on the following criteria:
Grade 0 had no recognizable changes; Grade 1
cases had slight or doubtful changes consisting of
slight thickening of the mesangium and clustering of
mesangial cells (Figure 1); Grade 2 cases had
moderate thickening and an increase of mesangial
cells occasionally in clusters (Figure 2); Grade 3
cases had moderately marked thickening of the

mesangium, the cells often in clusters showed
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increase in nuclear size and moderate pleomorphism,
the capillary lumens were slightly reduced, the
glomeruli were usually increased in size, and no
change was seen in basement membranes (Figure 3);
Grade 4 cases had marked mesangial proliferation,
marked increase in glomerular size and cellularity,
clustering of cells, moderate reduction in capillary
lumens, and occasionally a slight increase in

thickness of basement membranes (Figure 4).

After all slides had been examined and the grades
submitted to the statistician, the available clinical
records and the autopsy protocols were examined.
These were identified by autopsy numbers which
differed from the slide numbers. Among other data
extracted in each case, the weight of the heart and
kidney at autopsy, the cause of death, and the
occurrence of hypertension, diabetes, nephritis,
atherosclerosis, and cerebral hemorrhage were
recorded. This too was submitted for analysis for
possible correlation with glomerular observations.

RESULTS

For various reasons, the lesions in the human
kidneys were not as definite or as clearly defined as
in the experimental animals. Further, there were few
Therefore in
study 4 the results were pooled as follows: none or

cases in some grades of lesions.

mild (Grades 0 and 1); and moderate to severe
(Grades 2, 3, and 4).

Study 1 This was essentially a feasibility study
undertaken to determine whether mesangial changes
could be recognized in the ABCC autopsy material
and whether such changes were age related. Typical
changes of each category of severity were observed
at all ages. There was a suggestive but not
definite relation between severity of IGS and age up

to age G0 when the prevalence of IGS decreased.

Study 2 A very large number of the specimens in
this study had advanced postmortem autolysis which
greatly interfered with grading glomerular changes
and evaluating other renal lesions. On analysis of
results it appeared that there might be some relation
between exposure to 100 or more rad ATB and the
presence of IGS but for reasons mentioned above
there was questionable confidence in the data
(Table 1).

Study 3 Of the 31 cases in this study 29 were
suitable for analysis (Table 2).
radiation dose was unknown and for another the

For one case the
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Figure I Grade 1 [GS. There is a slight increase in prominence of the mesangium which may represent early changes. The capil-
lary lumens are widely paient and basement membranessafe of average thickness. H & E x121),
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Figure 2 Grade 2 IGS. The fronds of the masangium are more prominent and cellular than in Figure 1. There are also areas of
increased cellularity in the mesangial areas. The capillary basemen! membranes are not thickened and the lumens are not restricted
in size. PAS %120,
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Figure 3 Grade 3 IGS. This is a moderately advanced lesion with focal areas of thickening of the mesangium and increased cellu-
larity of this area. Clustering of intercapillary cells and moderate variation in size and shape are noted. H & E x120.
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Figure 4 Grade 4 IGS. This is an advanced lesion. Fairly marked increase in cellularity is noted involving the mesangial areas.
Slight basement membrane thickening is evident and moderate decrease in the size of the capillary lumen is seen. Focal aggregates
or clusters of mesangial cells are noted but there is no evidence of the hyalin nodule formation usually found in diabetic glomerulo-
selerosis. There is no indication of inflammation in the glomerular tufls or evidence of adhesions between the glomerular structures
and Bowman's capsule. H & E x120.
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TABLE 1 SEVERITY OF INTERCAPILLARY GLOMERULOSCLEROSIS IN IRRADIATED AND

NONIRRADIATED PERSONS (Study 2)

#1 MG L & UJRIRGHEE 1S 510 5 BAIEMRERIKEELAE 0 EAEE (HE2)
i Grade of IGS EH#IF HAIRIFRE{LEE D FLE
Radiation T o e <
B &t one or Mi oderate to Severe
e as MEE -G ERRE oh SR —
100+ rad 101 33
0 rad 102 21

TABLE 2 INTERCAFILLARY GLOMERULOSCLEROSIS

IN 29 PERSONS WHO WERE LESS THAN

6 YEARS OLD ATB AND DIED BETWEEN AGES 15 AND 28 AND RELATION TO IRRADIATION

#2 BBV T T,

i

eSO & b

EMBLS - 28 TIELC L

29 %12 B 1 B BAIE R BR (A W (Y 4E
L M

Grade of IGS Tl M ABRABE(LiE R

Radiation Total
e 6 2 it None or Mild Moderate to Severe 3t
e £ 7 (2R I — AR
100+ rad 3 2% 5
5-40 8 1ne 9
<2 e 1 15
Total §&F 25 4 29

* Includes 1 leukemia

[N R o

** Also had clinical diabetes mellitus [ HE &Y 8 FR 4 & fiF 7%

tissues could not be evaluated.

Because of the

small number of cases, results in terms of radiation

exposure were not significant. definite
IGS was present in individuals who were exposed to
irradiation as children and died before 30 years of
age and this was more frequent than expected in the

heavily irradiated group.

However,

Study 4 Of the 195 cases selected for this study,
172 satisfactory for evaluating IGS; 85 from

irradiated survivers and 87

were
heavily from controls.

Table
status for this study group.

3 gives the age distribution and radiation
Table 4 shows the
of IGS by age. Severe [GS was more
the age groups below (0. Table 5
shows rthe discribution of IGS by irradiation dose,
Table ¢ shows the distribution of IGS by both age and

distribution

frequent in

radiation for the entire group and for the group
excluding patients with diabetes mellitus and
leukemia.

There is lictle difference in the prevalence of IGS in
patients with low and high radiation dose exposure
ATB except for the 2 oldest groups.
irradiated aged G0 to 69, there is less IGS
expected (P .05). In patients 70 years old or
older who received 100 rad or more ATB there is

[n patients not

than

less IGS than expected but this is not scatisticaily

LS ARG AT % 4 o o SEMEATL Lo 2
DT, BEEBRIOVCTORIMERTHBET I L 2.
LAaLaads, FHoEMLEL, 30FaT-RCL2E
IZIEBE 6 & 02 B E AR EY R o, ZoM
B AT O T R O TR Lo E A
AE ZORED B BEIENS 195FO 9 B, 1721
b\{#mﬁ VRER(AEE(LAEQFREM Iz L T/, T 45bh 5,
8547 11 .&;JI@B&{L]TTMEHHT A5 R IEA, BTIA L IR A
SiEIENA, BIFIOFEERO FEH SN B L O E
PREE A R, 4 1L EAE B A Bk (R EE (LR 5 o) fF f ) 53
AR . OB R RER (R (LAE ORI L, 606
LFOTEBEIISTRTH- L. 5L EMEMRER
(REEILAEA O BRSERA Sm e R+, £6 X2y £ 0
PERE S A MAHEOBRE A2 B0 SIS BN AER
(R (L AE 5 o0 SRS B 5 & PR AR R B S AR 2 oo

ToORFEEENAEC T, EERE A S 2T
TR A T A BT 0 T BAITE I R ER R R AE D
BRE(ZIE L A KIEIZED S R L. 60 - 696 ¢ JENETEE
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0ob o, BHEEE 100 rad L) Lo B Obag A 2 0T 2 7068
DL btz o T B IR sk ok (LR 2 WA £ 0
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TABLE 3 CASES STUDIED BY AGE AND RADIATION DOSE (Study 4)

#3 WA EEE S & AR (&)
Radiation ¥ Age at Death 0% E R "~ Total
K gt it <40 40-49 50-59 60-69 T0+ it
100 + rad 9 7 13 19 37 85
<2 10 5 15 18 39 87
Total @t 19 12 28 3 76 172

TABLE 4 SEVERITY OF INTERCAPILLARY GLOMERULOSCLEROSIS BY AGE AT DEATH

4 B IMARERMREE{LAE O SIEE . YRS I 55
1GS Age at Death ¥ CCHE 4 fib Tutal
E A0 B 5 ER {40 (b 5 <40 40-49 50-59 60-69 70+ ar
None or mild*
Me R 9 13 24 44 96
Moderate to severe**
SR E — g1 10 15 13 32 76

* Grades 0, 1 @k 0 & L tf1 ** Grades 2, 3,4 2, 3 5 kU4

-

TABLE 5 SEVERITY OF INTERCAPILLARY GLOMERULOSCLEROSIS BY RADIATION DOSE

5 BN MR EGR (L RE 0 AN . BCSTER R
o Grade of IGS  E#lI%F Ml LRSS (L AE 0 1
Radiation = =, Total
A None or Mild Moderate to Severe it
e L 3EE PR - W E
100+ rad 45 40 85
<2 51 36 87
Total it 96 76 172

* Grades 0,1 M 0B L1 ** Grades 2, 3,4 HE#M2, 3H L4

significant. It appears that in this study there was
no indication of a relation between irradiation and
I1GS. As seen in Table 7 the kidneys and hearts of
patients with definite or severe [GS were slightly
heavier on the average than those with mild or

no IGS.

In Table 8, the occurrence of various diseases is
compared with the severity of [GS. Cerebrovascular
diseases were somewhar less frequent and diabetes
mellitus and leukemia more frequent in those with
moderate to severe IGS than in those with mild or no
1GS.
related to the presence of [GS.

None of the other disease processes appears

9
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TABLE 6 SEVERITY OF INTERCAPILLARY GLOMERULOSCLEROSIS BY AGE AT DEATH AND RADIATION DOSE
£6  THEHAREGECAEO 1L RO RS & 0

Age at Death FECIF i B

E Total
< 40 40-49 50-59 60-69 T0+ e
i E c E [ B —& C E
All Cases 4:4iEfil
** ICG None or mild
e A R 5 4 3 3 8 & 15 9 20 24 96
Moderate to severe
R — 5 5 2 4 T 8 3 10 19 13 76
Total
iF 10 9 5 7 15 13 18 19 39 37 172
Diabetes Mellitus & Leukemia Excluded HEIE# & & UF1UILA & B <
MNone or mild
R p 5 3 3 3 8 5 15 9 20 22 93
Moderate to severe
i EEIE - W 3 5 2 3 7 4 3 9 18 11 65
Total
7 8 8 5 6 15 9 18 18 38 33 158

* Radiation C =Controls with <2rad dose ATB RN < 2 rad O E R0 A E
leHtiit  E =Exposed with 100+ rad dose ATB  JE 480G 100+ rad O &= 2 3 2 HEH

** Grade of IGS None or mild: Grades 0, 1 % Moderate to severe: Grades 2, 3, 4
AT A AR O R B E AR R0 HE O] R - W2, 3 5 k4

TABLE 7 WEIGHT OF KIDNEYS AND HEARTS BY SEVERITY OF INTERCAPILLARY GLOMERULOSCI.EROSIS
F T HE DXL E S B R ER R E o SUE R I

Grade of 1GS* Cases with Data Kidney** Heart

EANTE [ R ER A L 4 0 FRIE PiEhm & S aEH B 7 B Lol
None or mild 2% & 181 97 123 ¢ 274¢
Moderate to severe IR — B 73 143 286

* Naone or ;;h:l-:_G-radcs D,. 1 Moderate to severe: Grades 2, 3, 4 i

B AAEE: FMOS Il PEBE -GBS JM2, 3 E LA

** Single kidney weights §18 L B0 f =

TABLE 8 VARIOUS DISEASES FOUND AT AUTOPSY IN RELATION TO SEVERITY OF
INTERCAPILLARY GLOMERULOSCLEROSIS

#8 EIMIEGEW X s SRR L BENVE R R SRR E o BIEE L o BE

_Grade of IGS** Disease Groups® ##H.5

AT R ERORER (L IR 0 £ 1 A B c D E
None or mild & /- (2880% 24 62 11 11 4
Moderate to severe i — @1 27 27 2 5 10
Total il 51 79 13 16 14
A =Cancers ICD 150 x169 #, ICD 150 169
B =Cardiovascular diseases ICD 401 x404 Bl TR ICD 401X 404
C =Cerebrovascular diseases ICD 431 & 433 Bl M ICD 431 4 .k 1F 433

D =Renal disease ICD 590 & 591 TS ICD 5904 k [F 591

E =Diabetes and Leukemia ICD 250, 204-207  H:lg# & & 9 m#s  ICD 250, 204 - 207

* Only the diseases listed were counted. Patients with one of these & cancer were counted twice.
Patients with none of these diseases were not counted. )
ZoEBTEERADAOERMERLE. CHhAELD D EEEIRERCH T 2B E 1 2 EF
WL, ChaobouFh i A LEVBRERHTL L4 2.

** None or mild : Grades 0, 1 Moderate to severe : Grades 2, 3, 4
WEEE: BROLLVL O PHE-FE: ZH2, 35 LU
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DISCUSSION

This based on a semiquantitative

analysis

study  was

of histologic alterations in the kidney

glomerulus. Particular attention was devoted to
mesangial changes because experimental studies in
animals had demonstrated specific and consistent
technical

findings. from the beginning,

problems

However,
those
This
had not been a problem in the experimental studies

plagued the study particularly

artefacts associated with postmortem changes.
where tissue fixation was routinely accomplished
death. Special
including the Rinehart-Abul Haj technic so useful in
the study of IGS in animals could not

even

immediately after animal stains,

be used

because slight autolysis could result in

misleading artefacts. For the same reason the

alcohol-acetic acid-formalin fixative which proved of
value in the animal studies

inestimable proved

unreliable in the study of human kidneys.  The
most satisfactory material consisted of tissue fixed in
buffered formalin and processed through dioxan to
prevent shrinkage. Formalin fixation followed by the
including alcohol and

xylene masked the lesions of IGS by causing marked

more customary processing

shrinkage and contraction of the mesangial stalks.

The changes observed in the human kidneys were
similar in appearance but less striking than those
seen in aging and irradiated mice. This may be
partially explained by structural differences in the
glomerulus. In man the normal mesangium consists
of very thin fronds containing elongated cells and
scant stroma. It occupies relatively a much smaller
area of the glomerulus than in the rodent kidney.
in aging mice, thickening of this area is easily
recognized, whereas in the human kidney, a moderate
increase in thickness of the mesangium may be
This
studied under conventional methods of fixation and
dehydration which

of this zone.

overlooked. is especially true in kidneys

frequently produce contraction

lesion under
consideration were observed by Kimmelstiel20 who

Changes similar to the glomerular

described a thickening of the glomerular inter-

capillary tissue in older subjects. He also stressed

the importance of distinguishing these changes
from glomerular alterations seen in arterial disease
Bell21

glomerulus in

of the kidney. in describing increased

cellularity of the advancing age
probably saw similar lesions. Horn and Smerana22

in a study of intercapillary glomerulosclerosis

pointed out that this condition may occur in the
absence of diabetes mellitus. Few studies of a

comprehensive nature dealing with changes in the
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glomerular structure in a **normal’’ aging population

are available. This is most likely due to difficuley

in obtaining properly preserved and prepared rissue

from **

normal’’ subjects. Furthermore, because of the
complexity of human pathology and the frequency of
inflammatory and vascular changes, a separation of
“normal’’ from distinctly

indeed difficult.

pathologic entities is

The authors are in accord with Kimmelstiel’s obser-
vations, that progressive mesangial thickening is
independent of arterial changes. The glomerular
changes described by McGregor23 for hypertensive
glomerulitis and later described in derail by McManus
et al24 under the heading of Ischemic Obsolescence
are readily differentiated from 1GS. The former is
characterized by wrinkling and diffuse thickening of
basement of the

followed by

membranes and ‘'simplification’

glomerulosa by capillary anastomosis,
collapse

and hyalinization, whereas the latter is

characterized by increased the

lack of hyalinization of cellular

cellularity of
mesangial spaces,
elements and minimal basement membrane changes as
revealed by light microscopy.
IGS may occur in kidneys comparatively free of
arteriosclerotic

-
Furthermore, advarced

changes and occasionally absent or
minimal in kidneys which are the seat of advanced
renal arterio- and

arteriolosclerosis. In most

instances, clinical

using histologic criteria and
data, no difficulty is encountered in differentiating
IGS from

acute

other glomerular disease, particularly

and chronic glomerulonephritis, diabetic

glomerulosclerosis, amyloid disease, glomerular

changes secondary to hypertension and vascular

disease. It is conceded, however, that in some
instances advanced IGS may be difficult to differen-
tiate from lobular glomerulonephritis and non-nodular
diffuse forms of diabetic intercapillary glomerulo-
sclerosis on the basis of routine histologic studies

alone.

No significant differences were noted in the kidney
of the control and exposed groups in respect to the
degree of mesangial proliferation and thickening in
either Study 2 representing all kidneys irrespective
of state of preservation of tissues or in Study 4
representing a study of kidneys selected for minimal
autolysis. These observations indicate that between
the periods of 15 o 23 years inclusive following
exposure of persons to 100 or more rad of whole
body
were recognized in the kidneys which are comparable
On
the basis of observations in rodents10 and dogs®8 it is

ionizing irradiation no appreciable changes

to late effects observed in experimental animals.

conceivable that this period may well be within the

limits of a latent period during which no demon-
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strable change may be expected. With this study
serving as a base line, further studies urilizing
collected at ABCC in the

material future may

prove feasible.

Of particular interest are the results of the study of
the kidneys of those exposed to the A-bomb at 5
years of age or less. While the numbers of specimens
so far available are still too few, the findings
suggest that the kidneys of these children
sublethal

kidneys of older age groups.

were

more sensitive to irradiation than the
This is in accord with
observations in experimental animals23  Further
studies of additional material which may be avail-
able in the future are needed to test this principle
in man.

Of particular interest in this study is
distribution of IGS. Whereas IGS in rodents and dogs

progressively increases with age and is a constant

the age

age-associated factor, the studies of the kidneys
of the Hiroshima and Nagasaki survivors indicate
that the highest incidence occurs in the 4th to Gth
decade and declines appreciably in the advanced age
groups. While these findings require confirmation for
reasons stated previously they raise some interesting
questions these

concerning the significance of

lesions in man, namely: is IGS a recessive genetic
trait in man? is IGS an immunologic dependent
process as indicated in experimental studies? and
is IGS a predisposing factor in the development of
cardio-renal disease? Some of these basic questions
can be answered by studies on fresh human kidneys
preferably obtained by renal biopsy or immediately
after death in accident cases since histologic
features of IGS are masked by autolysis and shrinkage
effects of routine histologic procedures, and histo-

immunologic studies are not satisfactory unless

tissues are frozen in the fresh state.
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