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Age-related Changes Resembling
Fibrocystic Disease in Iodine-Blocked

Rat Breasts

“'heodore B, Krouse, MD; Bernard A. Eskin, MD; Jalal Mebini, MD

* It has been reporied that dietary
restriction and chemical biockade of
iodine causes histopathologic changes in
peripuberial femate rat breasts. This study
axtended the age range to include midre-
productive life and perimencpausal rats;
there is 5 wider spectrum of stractural
alterations that are associated with the
ouder breast, with sodium perchiorate as
tre blocking agent, in 15.week.oid rats,
breasts showed general increased paren.
chymai activity and growth, regreasing
after removail of the block, I 42-wesk.old
rats, breasts showed noticeable caico-
spherite deposition, indraiobular tibroslsy,
and cystic changes resembiing human
fibrocystic disease. In 52-week-oid rals,
breasts exhibited stypicat jobules cyto-
logicatly, papiliomatosis, sclerasing ade-
nosis, calcifications, and a lobuiar irans-
formsation of a histologicaily dysplastic
type, it is i the older rat that expglriments
w.l more closely parailel the human
condition.

(Arch Pathol Lab Med 103:631.834,
1479) '
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Read before the 68th annusl meeting of the
American Association of Cancer Research, Den-
ver, May 20, 1977,

Heprint reguests to Department of Pathology,
Division of Anatomic Pathology, Medica] College
of Pennsylvanis, 3300 Henry Ave, Philadeiphis,
PA 19129 (Dr Krouse).
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wo human breast diseases of
paramocnt importanee clinieally
are fibroeystic disease and carcinoma.

-~ Yet, despite well-known age-related

statisties, a iarge number of in vivo
studies of mammary carcinogenesis
have been performed over many
decades using the peripubertal rat as
the animal model.

Now, within our laboratory in the
past decade, it has been demonstrated
that an inadeguate supply of iodine
resuited in histopathologic alterstions
i the breast parenchymsa of rats. In
&n initial study with peripubertal rats,
such deficiency enhanced the response
of rat breasts to the sex hormones,
The changes were clearly distinguish-
able from those induced by estrogen
or testosterone and were lesions that
mimicked fibrocystic disease as found
in the human.' A subseguent study
using peripubertal rats subjected to
iodine-deficient diets along with pro-

pylthiouracii and estrogen, singly or -

ir combination, also resulted in iesions
resembiing the changes in fibrocystic

_ disease of the human breast. The more

severe changes were associated with
the combined use of ajl sgents under

the effect of an iodine-deficient diet.? -

A more selective approach to iodine
restriction to the breast was effected
by using an iodine-blocking agent,
sodium perchlorate. The perchlorate

block was nsed either alone or with
thyroxine or estrogen or in combina-
tion. When the agents were used in
combination under this iodine-defi-
cient blockade, focal cytologic atypia
was found af the terminal duct-lobule
level and at the large duct level.® This
present study in contrast to previous
work in our laboratory as well as in
other laboratories uses rats of differ-

ing ages.
MATERIALS AND METHODS

A total of 185 Sprague-Dawley female
rats were used in this study. Of these, the
major groups were 45 rats of 16 weeks of
age (weight range, 244 to 320 g), 45 rats of
42 weeks (weight range, 264 o 378 ¢}, and
45 rats of 52 weeks (weight range, 292 to
467 g). Each group was then divided into
aqual subgroups of 15 esch that were then
categorized as contrels, as & group exposed
to perchlorate-treated drinking water for
two weeks, and as a group exposed io
perchlorate-treaied drinking water tweo
weeks, with the exception that in the last
16 hours within this two-week period
acoess was permitted again to only
untreated drinking water. At the end of
the two-week period, all rats were given
intraperitoneat intections of 1 gCi of diatri-
zoate sodium 1 125 suspended in 6.1 mL of
0.9% NaCl solution and then killed. The
three inferior and bilateral abdominal
mammary giands of each rat were stud-
ted.
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Flg t.-Rat breast, 16 weeks oid (group 1, perchiorate hlockade).
Swirling fibroblastic profiferation about major duct, entrapping
profiferated secondary ducts {hematoxylin-eosin, x252)

F:g 3.wHat breast, 52 weeks oid (group 3, perchiorats blockade)
Intratobular fibrous tissue profiferation resembling sclerosing
adenosis of hurnarz {hematoxynmosm, * 168).

1
A

iodine Uiptake Resuits

The iodine uptake resglts, in summary,
showed a percentage blockade ranging

from 0% in the youngest rats to 25% in the

oldest rats. On release of the blockade by
reexposure to untreated water, there was
an average of 30% restitution of iodine

uptake back to the control level in those

rats used as conirols,
Histologic Interpretation

. Sixteen-Week-Old Rat Breasts (Group 1).—
In the controls, one sees an essentially
inactive breast pattern manifested by seat-
tered ducts set in an abundant adipose
stroma with minimal lobule - formation.

After two weeks of perchiorate biockade,

there is a prominent lobular hyperplasia

_and concomitant secretory activity impart.

ing a “honey-combed” character io the

lobules. In some areas, there is a pattern of

Fug 2.—Rat breast, 42 weeks old {group 2, perchiorate blockade).
Striking focad calcifications are noted at duct and iobudar teveis
with pattern further obscured by fibrous lissue encroachmerny

hematoxyin-eosin; x 252).

mild intralobular as -well as interlobu%af

and purely adipose-field stromai profifer-

atiorn well away from the lobules. Focally, .

one aiso notes sites of a more intense
swirling fbrous proliferation around the
larger ducts. Within this fibrous expan-
sion, numercus secondary ducts have
proliferated and seem entrapped by the
extending fibroblastic process (Fig 1) On
access to water ad libitum for the final 16
hours, there is regression of the lobular

hyperplasia, uct profiferation, and dila-

tiom,
Forty-two-Week-Old Rat Breasts (Group

2.1 the controls at 42 weeks of age, one

notes again essentially inactive breasts

. with an occasional focal calcification with-

in the ducts. After two weeks of perchlo-
rate blockade, there is some duct prolifer
ation and dilation, lobular hyperplasiz, and
s0Ine associated secretory activity. A strik-

ing focal calcific phenomenon is noted:

§32 - -Arch Pathol Lab Med—Vol 103, Nov 1878

- ¢hanges in the breast structure and mvol? :

Fig 4.—Fat breast, 52 weeks old {group 3, perchiorate blocxade}
Atypia is present in microcystic site with disturbed polarity, =
piltng-up of cells, and attainment of papiz!amateus character' :
(hematoxylin-eosin, x252)

calcospherites or psammoma hodzas,_nu— -
merous and of fair size, are found af both
duct and lobular levels and fibrous expsn
sion about parenchymal elements is seett .
(Fig 2. After 16 hours of access to norma
drinking water, there is 2 mild regression I
and waning of the lobular hyperplss:a an'é
fibrous stromal patches. :
Fifty-two-Week-Old Rat Breasts (Gmap >
3).~The contro} breasts in these older rats %
show some further histologic aiterst:em_
mainly a moderate foeal fibrosis, somé<3
entrapment of ducts and lobules but m“‘
true cylologic atypis. However, the per
chiorate blockade in this oldest age'gﬁ)ﬂp i
has produced an “interesting array

ing more extensive regions. There is. A=
prominent fibrous remction at the Zobnin::
levei that bears a great resemblance to 3 ‘
early sc%emamg aéenems of ti}e ham
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involved (hematoxylin-easin, X 252}

chiorate bivokade).
Another site of epithelial atypia asscciated with prominent cystic
alteration. Almost entire lining of pyramidal Ccyst in center is

Fig 5.—fat breast, 52 weeks old {group 3, per

Fig 6.Rat breast, 52 weeks old {group 3, perchiorate blockads).
Focus of tightly packed iarge celis shows neoptastic or dyspiastic:
transtormation. Only quagrant at 12-o'cioek o 1-0'clock position

EUEERLE W

hrts at previous normat lobular pattern (hematoxylin-eosin,

X 252}
Age-related Microsgopic Changes in Jodine-Biocked Rat Breasts
Age of Structursl jodine Deficient, lodine Leticient,
Rat, wk Lovel Control 2wk 2 wi; lodine, 16 hr
1% Duets Proiiferation, 2+ Proileration, 1+
Pitation, 1+ Dilation, 14
Fibyrosis, 1+
Lobuies Hyperplasia, 3+ Hyperpiasis, 2 4+
Satration e Secretion, 2+ Sacration, 2+
42 Ducts fhiation, 1+ Proliferation, 2+ Protiteration, 2+
Ditaticn, 2+ Dilation, &+
Calcification, 3+ GCaicilication, 2 4
Lobules . Hyperplasis, Hyperpiasia, 2+ Hyperpiasia, 1+
1+ Fibrosis, 2+ Fibrosis, 1+
i Secration . Secretion, 2+ Sagration, 2+
} 52 Ducts Fibrosis, 4 Proiiferation, 1+ Protiteration, 1 4+
Calcification, Ditgtion, 2+ bilation, 2 +
1+ Fibirosis, 1+ Cadcitication, 1+
: Papiliomatosis, 1+ Adypia, 1+
Afypla, 1+
Lobutes Fibrosiy, 1+ Myperplasis, t + Fibzosis, 2+
Adenomata, 1+ Fibrosis, 3+ Atypig, 1+
. Atypin, 1+ Nacpiastic focus,
t+
Adenosis, 1+
i Adanora, 1+
Secration Secretion, 1+ Secration, 2+ Secretion, 3+

hute increase in the epithelial dittoacinar
concentration. In other areas, there are foci
of epithelial atypia and papillomatosis in
the Jobular clusters (Fig 4). Microeyst
formation is apparent in many foci and an
inecrease in fibrous comnective tissue
invests this altered parenchyma.

On access to 16 hours of untreated drink-
ing water, there is surprisingly little
regression. of the variegated architecture
ohserved when the breast was iodine
bioeked. There are foci of duct prolifer-

- ation, large gritty-appearing “impacted”

caleospherites, noticeably distended ducts,
and acini filled with secretion, Within
these areas of distension, small sites of

piled up, disorderty, or pleomorphic epithe-

“Arch Pathot Lab Med—Voi 103, Nov 1878

Hal atypia are noted (Fig 3% Other findings
in this oldest age gronp are foci of lobalar
hyperplasia resembling adenosis; within
gome of these, there is atypism of the
entire lobule. One foeus of concern showed

a closely packed celiularity, total loss of the
- “ppen” acinar pattern, faint basophiliz of -

cytopiasm, nuclear crowding, and early
eribriforming (Fig 6.

COMMENT

There seems to be considerable
change in the breast parenchyma of
the female rat with advancing age. In
# tabular fashion, one can record these
changes as 1+ to 8+, with the

greatest number representing the
greater degree of change (Tablel
However, with perchiorate blockade of
the breast and thus restriction of
available iodine, the histopathologic
changes are even more pronounced &t
each of the three different ages.
Furthermore, the spectrum of strue-
tural deviation widens in the cldest
breasts. And these changes encompass
both the stromal as well as the epithe-
lial elements.

Evaluation of the fbrosis with
respect to its topographical distribu-
tion was a bit more puzzling. Although
it is focally periductal in the vounger
rat breasts, and focally intralobular
and interlobuiar in the older ones,
there is a stromal fibrous reaction
that oceurs out in the abundant
adipose areas in the older rats to 2
variable degree. We believe that
further investigation of the fibrosing
phenomenon  in  jodine-deficient
breasts is warranted for its relation to
aging is still unclear. Likewise, the
proclivity to duct profiferation under
the iodine blockade oeccurs at all
ages, '

Te our knowledge, relatively little
work has been done with older rats
and such investigations are in their
incipiency. lodine is essential to the
function of the thyreid gland and our
preliminary evidence suggests a simi

~ lar mechanism in the breast. With

aging, both the breast and ‘thyroid -
transport less iedine and there is
considerable evidence relating iodine

Fibrocystic Disease-Krouse et &t 633




deficiency to breast cancer develop-
ment in humans and redents. ™ It has
aiso been recently suggested in pursu-
ing the relationship between experi-
mental jodine deficiency and breast
nyperplasia, atypia, and possible neo-
plasia, that a common protein carrier
may exist. We have discovered in
recent experiments a small protein
(10,000 o 20,000 daltons} in active
breast tissue and a similar protein in
the active thyrold gland” Thus, there
is a possibility that jodine mediates its
role via protein iodination, and

changes brought about by aging may

affect this pathway because prelimi-
nary studies with older rais have
shown end-iodine uptake changes.”
The interpretation of the histopath-
ologic patterns is of considerable
inferest (Tablel The rat breast with
free access to dietary iodine shows a
mild alteration of structure with
aging manifested by focal fibrosis,
occasional calcifications, and adeno-
matz. With iodine deficiency for two
weeks, there is an increased change of
focal fibrosis and duet proliferation

not well correlated with age. However,
with this deficiency circumstanece,
there are age-related changes in the
form of prominent calcifications, de-
creased lobular hyperplasia. focal pap-
illomatosis, microcysts, and focal aty-
pia. On aceess to iodine in the final 16
hours of the two-week period, certain
further changes are noted in the
oldest rats, these being noticeable
secretory activity, foeal adenosis, and
a highly suspicious neoplastic or
dysplastic focus. Thus, iodine deficien-
cy and aging seems o act cumulative-

v to pmduce changes closely resem

bling the spectrum of ﬁbmcxsne“.

disease and disturbing epithelial pat. .

terns. The findings of distinet ang-—

worrisome dysplastic and  atypieg] -

changes in rat-breast epithelium re.
lated to aging in these deficlent

animals is of sufficient interest so as

to suggest the greater use of the oider
animals by other investigators. In this

manner, the obvious diserepaney of

age between voung animal models

and cider humans is substantzall}

reduced.
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