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Mammalia are so named based on the presence of the mammary gland in the breast.
The mammary gland is an epidermal appendage, derived from the apocrine glands. The
human breast consists of the parenchyma and stroma, originating from ectodermal and
mesodermal elements, respectively. Development of the human breast is distinctive for
several reasons. The human breast houses the mammary gland that produces and
delivers milk through development of an extensive tree-like network of branched ducts.
It is also characterized by cellular plasticity, with extensive remodeling in adulthood, a
factor that increases its susceptibility to carcinogenesis. Also, breast development
occurs in distinct stages via complex epithelial-mesenchymal interactions, orchestrat-
ed by signaling pathways under the regulation of systemic hormones. Congenital and
acquired disorders of the breast often have a basis in development, making its study

= Tanner staging

Development of the Human Breast

The human breast consists of parenchymal and stromal
elements. The parenchyma forms a system of branching
ducts eventually leading to secretory acini development
and the stroma consists mainly of adipose tissue, providing
the environment for development of the parenchyma.'-3
These building blocks of the breast are recognized as early
as the embryonic stage of human development. The process
of development of the ductal system and acini is termed
branching morphogenesis and although it commences in the
fetus, it halts in early childhood until puberty when hormon-
al stimulation triggers further differentiation. Under the
influence of hormones, complex reciprocal interactions be-
tween the epithelium and mesenchyme lead to differentia-
tion of the prenatally developed rudimentary structure to
form a mature mammary gland.’> Although the precise
mechanisms are still unclear, our understanding of branch-
ing in the mammary gland is increasing.

Prenatal Development

Prenatal breast development can be classified into two main
processes; formation of a primary mammary bud and devel-
opment of a rudimentary mammary gland.® The earliest
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essential to understanding breast pathology.

stages of embryogenesis are largely hormone independent®”;
hormones and regulatory factors are important for develop-
ment in the second trimester.?

Most knowledge of morphological changes in the fetal
breast comes from studies on rodents.’~'? Of note, prenatal
human breast development does not differ between genders.
The successive, distinct stages of intrauterine breast develop-
ment described below correlate loosely with gestational age
and significant variations at similar stages can be seen.'>1°

First Trimester

As early as 4 to 6 weeks of gestation, mammary-specific
progenitor cells may be seen.! Around day 35 of gestation,
proliferation of paired areas of epithelial cells in the epider-
mis of the thoracic region occurs. These discrete areas of
proliferation extend in a line between the fetal axilla and
inguinal region and form two ridges called the mammary
crests or milk lines (~Fig. 1).

Most of the mammary crest atrophies except for paired
solid epithelial masses in the pectoral region at the fourth
intercostal space, which form the primary mammary
buds.®'® Supernumerary nipples (polythelia) occur in 2 to
5% of humans in a position from the groin to the axilla,
supporting the existence of the mammary crest or
ridge.’>'71® These supernumerary nipples can appear
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Fig. 1 Development of the mammary gland. (A) Ventral view of an embryo at 28-days gestation showing mammary crests. (B) Similar view at
6-week gestation showing the remains of the mammary crests. (C) Transverse section of a mammary crest at the site of the developing mammary
gland. (D-F) Similar sections showing successive stages of breast development between the 12" week of gestation and birth. (Reprinted with
permission from Moore KL, Persaud TVN, Torchia MG, The Developing Human: Clinically Oriented Embryology. 9™ ed. 2013 Copyright Elsevier).

similar to pigmented macules or fully developed nipple and
areola complexes.'®2? These are rarely functioning but can
occasionally be a cosmetic issue.

Toward the end of the first trimester?’ the primary mam-
mary buds begin to grow downwards into the underlying
mesenchyme, under an inductive influence of regulatory
factors secreted by the mesenchyme.'%'213 Next, the prima-
ry mammary bud enlarges'# and moves from a more dorsal to
ventral position.® Indentations along its basolateral margin
appear, becoming sites for the future secondary mammary
outgrowths.' This core of cells continues to evaginate into
the underlying stroma and becomes surrounded by a more
cellular zone of fibroblast like cells within a collagenous
mesenchyme.

At the end of the first trimester of pregnancy, a well-
defined mammary bud penetrating into the upper dermis can
be observed.> Two distinct populations of epithelial cells
(central and basal) can be identified.'® Concomitantly, the
mesenchymal cells differentiate to form fibroblasts, smooth
muscle cells, capillary endothelial cells, and adipocytes.

Second Trimester
Secondary epithelial buds appear from the indentations on

the main mammary bud.>'>' Each secondary epithelial bud
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grows vertically into the mesenchyme surrounding the pri-
mary bud and has a slender stalk and bulbous end.'* The
secondary epithelial sprouts canalize and coalesce forming
secondary buds that give rise to lactiferous ducts (~Fig. 1).'3
The epithelial cells lining the lactiferous ducts are arranged in
two layers, with the layer adjacent to the lumen gaining
secretory function while the basal layer differentiates into
myoepithelial cells.?

By 6 months of gestational age, the basic framework of the
gland is established. A well-defined tubular architecture in a
bed of dense fibroconnective tissue stroma is noted at this
stage.* This is around the time breast tissue in both boys and
girls can be apparent.??

Third Trimester
Repeated branching of the secondary epithelial buds and
canalization occur in the third trimester.>®'423 Disagree-
ment exists over the final morphology of the breast at birth.
Although most sources agree these secondary processes end
in rudimentary lobular structures or end buds,>%?3 some
argue that the breast at birth does not contain any evidence of
lobules, only ductal structures with surrounding stroma.?
The epidermis in the region of the future nipple becomes
depressed, forming the mammary pit during the third



trimester (~Fig. 1).2> The lactiferous ducts drain into retro-

areolar ampullae that converge into this pit on the overlying
skin.'> The nipple is further delineated by proliferation of the
mesoderm stimulated by the invagination of ectoderm in this
region. The nipple is created with smooth muscle fibers
aligned in a circular and longitudinal fashion."> The sur-
rounding areola is formed by the ectoderm during the fifth
month of gestation.

During the final weeks of gestation, the loose fibrocon-
nective tissue stroma increases in vascularity. Due to a
complex interplay between fetal, placental, and maternal
hormones that has not yet been elucidated,'* limited secre-
tory activity in the late-term fetus and newborn infant may
occur® The failure of preterm infants to develop breast
nodules or secrete milk after birth indicates that the intra-
uterine environment is essential for breast development.?%-2®
Preterm infants do not develop breast nodules or secrete milk
after birth, further lending evidence to the fact that the
intrauterine environment is essential for breast development.

At term, approximately 15 to 20 lobes of glandular tissue
have formed, each containing a lactiferous duct that opens
onto the breast surface through the mammary pit. Both the
surrounding skin and the fibrous suspensory ligaments of
Cooper that anchor the breast to the pectoralis major fascia
provide support to the breast.

Infant Breast

The first 2 years of life are a critical period for some aspects of
breast maturation as well as involution.?*?’ The normal
gland remains quiescent from 2 years of age to puberty.?*28
At birth, the breast is usually palpable in the newborn with
varying amounts of tissue and no significant difference
between the genders.?® Falling levels of maternal estrogens
in the neonate stimulate the neonatal pituitary gland to
produce prolactin, which results in unilateral or bilateral
breast enlargement and/or transient secretion of milk in as
many as 70% of term neonates.'>?%%7 [t has been speculated
that the infant breast undergoes stimulation at approximately
3 to 4 months postnatally through a surge of the infant’s own
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reproductive hormones, including estradiol.>° Breast tissue in
female infants persists longer than in male infants®®3% due to
higher estradiol levels in infancy in girls.30

Soon after birth, the nipples become everted from prolif-
eration of the underlying mesoderm,’® and the areolae
increase in pigmentation. Development of erectile tissue in
the nipple areolar complex increases response of the nipple to
stimulation. Nipples that remain inverted until puberty are
not uncommon. An increase in vascularity of the gland stroma
soon after birth causes a visible difference between the light
periductal connective tissue and the denser supporting
stroma.>!

The most well-accepted morphological and functional
maturation stages from birth to 2 years have been described
by Anzbagahan et al?’ The morphological changes of the
breast are depicted by the degree of glandular differentiation
(branching and formation of acini) and functional maturation
is characterized by the secretory capacity of the lining epi-
thelium (~Table 1).3%7

The morphological changes begin in the immediate post-
natal period and do not follow a linear progression.13 In fact,
three different morphological types (I-IlI) can occur. The
functional changes from birth to 2 years follow a more linear
progression than do the morphological changes.”"27 There is
a period of apocrine metaplasia (functional stage II-III) prior
to involution (functional stage 1V).

Many combinations of morphological type and functional
stage can occur due to the wide variations in infant breast
development.' By 2 years of age, small ductal structures in a
fibroblastic stroma are all that remain and the infant breast is
relatively quiescent. The time taken for the glands to regress
to this stage of quiescence varies.?’

Development of the Mammary Gland at
Puberty

Sexually dimorphic development of the breast first begins at
puberty and unlike the preceding stages of development,
pubertal changes are heavily under the influence of sex
hormones, in particular estrogen.? Whereas the gross

Table 1 Morphological and functional changes in the infant breast

Morphological type |

Branching ductal system with no or less than two dichotomous branchings

Morphological type I
lobular units

Branching ductal system with more than two dichotomous branchings, but no terminal

Morphological type Il

Branching ductal system with number of branchings and well developed lobular system

Table 1

Summary of functional changes

Functional type |

All ducts and ductules are lined by secretory type of epithelium

Functional type Il

Mixture of ducts lined by secretory and apocrine type epithelium

Functional type IlI

Almost all ducts lined by apocrine type of epithelium

Functional type IV

Mixture of ducts lined by apocrine type of epithelium and involuting ducts lined by
multilayered epithelium

Source: Reprinted with permission from Howard BA, Gusterson BA. Human breast development. ] Mammary Gland Biol Neoplasia 2000;5(2):119-137.

2000 Copyright Springer.
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Fig. 2 Tanner stages of breast development. (Reprinted with permission from Marshall WA, Tanner M. Variations in pattern of pubertal changes
in girls. Arch Dis Child 1969;44:291-303. Copyright BM] Publishing).
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anatomic changes that occur at puberty are well described,>>
events on an ultrastructural level are less well defined.>*

Pubertal Female Breast Development

Gross Anatomic Changes
Tanner described the most well-accepted macroscopic stages
of development in the breast at puberty (~Fig. 2).>° These
gross anatomic changes begin with stage 1, the preadolescent
phase with only elevation of the papilla. At this point, there is
no additional development of the stroma or parenchyma
beyond what has occurred in infancy. Breast development
is generally the first secondary sexual characteristic to devel-
op, preceding pubic hair development by about 6 months.'>3®
Although the pubertal surge of estrogen is the immediate
stimulus to mammary development, the action of estrogen
depends upon the presence of pituitary growth hormone and
the ability of growth hormone to stimulate production of
insulin-like growth factor-1 (IGF-I) in the mammary gland.37
The age range in which this can occur is 8% to 13%2 years. No
breast development by 14 years of age in girls should prompt
further investigation.20

Tanner stage 2 involves formation of the breast bud with
elevation of the nipple as well as a small mound of breast
tissue along with enlargement of the diameter of the areola.”
The average age of girls at this stage is 11 years in a British
cohort and has been shown to occur 6 months earlier in the
United States.>®3° There is recent literature pointing toward
an earlier age at onset of breast development in girls in the
United States (average age 9.8 vs. 10.8 years over approxi-
mately a decade).>®4? The normal range of thelarche is from
814 to 13 years.>®

Significant variations in breast development occur in
individuals at the same age based on level of pubertal
maturation, ethnicity,>® and hormonal concentrations. Clini-
cally, Tanner stage 2 of breast development correlates with
the entity of thelarche. Tanner stage 3, attained at an average
age of 12.5 years, is characterized by further enlargement of
the breast and areola. No separation of the contours is noted
at this time.>>3® Between Tanner stages 2 and 3, discrepancy
in size between the breasts of a pubertal girl is commonly
seen and tends to become less noticeable by Tanner stage 4
and 5.0 If marked breast asymmetry is persistent, recon-
structive surgery may be a consideration, generally when
Tanner 5 breast maturity is reached.’®?%3> Marked discrep-
ancy between breast size in puberty, particularly if persistent,
is presumed to be due to poor mammary bud development in
the smaller breast.?°

During Tanner stage 4, at the average age of 13 to 14 years,
there is enlargement of the nipple and areola, leading to the
formation of a secondary mound on the breast. Menarche
tends to occur between Tanner stage 3 and Tanner stage 4.33
Some girls may progress from Tanner stage 3 to 5 without a
transitory stage 420

Tanner stage 5 is characterized by the recession of the
areola on to the breast with resulting loss of the separation of
contours. This stage is attained by an average age of
15 years.>?
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The average time spent between Tanner stages 2 and 5 is 4
to 4Y5 years.1336'38 There are inherent variations in this
estimate and the duration of time spent progressing through
Tanner stages of breast development can range from 1.5 to
6 years. Also, the breast bud stage can persist from 6 months
to 2 years before advancing to Tanner stage 3.3

After or during these stages of development, breast
shrinkage may occur if there is weight loss due to decrease
in adipose tissue.'®?? This is particularly relevant in the
pubertal girl when eating disorders such as anorexia nervosa
are most commonly encountered. The loss of fatty tissue
gives a wrinkled appearance to the skin of the breast, leading
Capraro and Dewhurst to coin the term “instant senility” to
describe this phenomenon in adolescents.*' Unilateral or
bilateral pathologic enlargement of the breast at puberty is
termed juvenile hypertrophy, and it is histologically similar
to gynecomastia in males and distinct from lactational
hypertrophy.'?

Significant development of the nipple also occurs during
puberty.42 The most marked increase in size and diameter of
the nipple is seen between Tanner stages 3 and 5, particularly
soon after menarche.*> The average increase in diameter
between Tanner stages 1 to 5 is 5 to 6 mm.*? It is difficult
to form measurable criteria of nipple diameter at each Tanner
stage due to extensive variations found in increments of
nipple size based on hormonal status, race, nutrition, and
genetics.**

Cellular Changes
Underlying the extensive tissue remodeling that occurs at
puberty is a mammary cell hierarchy composed of multi-
potent stem and lineage-restricted progenitor cells.*>~*8 At
the cellular level, both stromal and parenchymal changes
are occurring during pubertal development,'> but increase
in fibrous and fatty tissue of the stroma precedes further
ductal changes. Following a period of stromal changes,
ductal elongation and dichotomous branching occurs,
with both these events being under the influence of
estrogen.'34°

During puberty, the epithelium forms into a branching,
bilayered ductal structure, consisting of an outer basal
myoepithelial layer of cells and an inner luminal cell layer
that can be divided further into ductal luminal cells, lining
the inside of the ducts, and alveolar luminal cells, which
secrete milk during lactation (~Fig. 3).> More alveoli
are laid during each menstrual cycle, but the degree of
alveolar expansion is only significant once pregnancy
occurs. 344

Ductal elongation and complex branching originates at the
site of the terminal end bud, specifically at the site of the
mammary stem cells in the cap cell layer of the terminal end
bud.'328:4748 The primary ducts that reach the nipple form a
complex of subsidiary ducts. The primary ducts branch into
segmental and subsegmental ducts.”>'>-34 The subsegmental
ducts lead to terminal duct formation, which further sub-
divides to form several terminal ductules or acini.’*3® A
collection of acini arising from one terminal duct along
with the surrounding intralobular stroma is termed a

Seminars in Plastic Surgery  Vol. 27 No. 1/2013
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Fig. 3 Pubertal breast development. (A) Carmine-stained whole-mount preparation of the advancing edge (arrow) of the parenchyma from a
13-year-old girl. (B) Hematoxylin- and eosin-stained developing breast of 13-year-old girl showing solid end bud-like structures (denoted teb) and
lateral buds (arrows). (C) Coronal section of breast of 15-year-old girl. (D) Higher power view of panel C, arrows indicate ducts and unfilled
arrowheads indicate duct termini. (E) Histology section of the peripheral region of parenchyma seen in (C). teb denotes terminal end bud.
(F) Carmine-stained whole mount preparation of breast from 18-year-old nulliparous woman. A segmental duct divides into two subsegmental
ducts (ss), which then lead to the terminal duct lobular units (tdlu). (G) Electron micrograph of a normal adult subsegmental duct. The bilayered
histology with paler luminal cells (I), darker basal (myoepithelial) cells (m) is evident. An intraepithelial lymphocyte (arrow) is also seen.

(H) Electron micrograph of a terminal duct lobular unit showing two basal clear cells. These have microfilaments in the basal part of the cell (large
arrows) and desmosome attachments with the luminal cells (small arrows). (Reprinted with permission from Howard BA, Gusterson BA. Human
breast development. ] Mammary Gland Biol Neoplasia 2000;5(2):119-137. 2000 Copyright Springer).

terminal duct lobular unit (TDLU), which is the functional unit
of the breast.'

As ductal elongation continues, the remainder of the space
in the breast is taken up by adipose tissue, along with a
mixture of blood vessels, immune cells, and fibroblasts.”®
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Estrogen and progesterone are thought to be responsible
for ductal elongation and side branching, respectively.’!

As for lobular development, four types of lobules, from 1 to
4, are well recognized in the human female breast.'> Lobule
type 1 consists of a short terminal duct ending in a cluster of



secretory cells called alveoli. Lobule types 2, 3, and 4 consist of
a terminal duct branching into several ductules and an
increasing number of alveoli.’® Lobule type 4 is attained in
adult women having gone through pregnancy and lacta-
tion.”>>3 The adult nulliparous breast is complete in ductal
and stromal maturation by 18 to 20 years of age and the
lobules it contains are mainly type 1. The mammary glands
remain in this mature, but inactive state until pregnancy,
which brings about the next major change in the hormonal
environment.’

Pubertal Male Breast Development

At puberty, no further development of the breast occurs in the
male due to rising testosterone concentrations. During pu-
berty, up to 40% of boys may develop transient gynecomastia,
presumably due to relative estrogen dominance.'® Gyneco-
mastia is secondary to ductal and stromal, but not lobular
hypertrophy.'> Although this is transient in most cases,
gynecomastia can be a distressing physical anomaly for a
young male. Rarely, pubertal gynecomastia may persist and
this appears to be due to either end-organ idiosyncrasy or a
particularly abnormal estrogen-androgen ratio at the onset
of puberty.

Boys also undergo nipple diameter increase during puber-
ty. Until pubic hair stage 3, boys and girls do not differ in
nipple diameter.>* After this, marked enlargement of the
female nipple occurs. Boys with gynecomastia have larger
nipple size than boys who have none.>*

Regulation of Breast Development

Mutual and reciprocal interactions between epithelial com-
ponents and mesenchymal or stromal cells are responsible
for prenatal, infant, and pubertal breast develop-
ment.'%125%:56 Eyidence suggests the mesenchyme has in-
ductive properties that lead to the local migration and
changes in cell adhesion of epithelial cells. Hormonal influ-
ences on this paracrine interaction between the mesen-
chyme and parenchyma exist at all stages of development.
The formation of lactiferous ducts is induced by placental
hormones entering the fetal circulation. Other hormones
implicated, but not completely elucidated in prenatal and
pubertal breast development are progesterone, growth hor-
mone, insulin-like growth factors, estrogen, prolactin, adre-
nal corticoids, and triiodothyronine.’’~° Epidermal growth
factor receptors, ubiquitously expressed in prenatal breast,
were shown to be significant in mammogenesis in rodent
studies.?®®! Some regulators, such as ErbB2, seem to influ-
ence both ductal morphology and branching.? Much atten-
tion has also been focused on bcl-2, which is an inhibitor of
apoptosis in the fetal and infant breast.?*

The mammary stem cells and progenitors do not express
receptors for hormones and hormone receptor-positive cells
generally do not proliferate.*” This is why hormones elicit
morphological changes by acting on a complex regulatory
network of paracrine signals and transcription factors to
modulate the activity of mammary stem cells.%-64

Development of the Human Breast Javed, Lteif

Conclusion

The development of the human breast is distinctive due to the
extensive remodeling it undergoes into adulthood. This oc-
curs in distinct stages under the influence of several hormon-
al signals. Study of human breast development is essential to
understanding pathology, in particular congenital and ac-
quired disorders that often have a basis in development.
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