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Preface

In the last few years, there have been significant additions and advances in both our knowledge
and our concepts regarding many nonneoplastic gastrointestinal (GI) tract entities. The
advances in endoscopic techniques have led to an increased number of GI tract biopsies being
performed. New surgical techniques have also led to increased GI surgeries being performed
with minimal morbidity. The pathology of these GI entities is intriguing, varied, and very
important for most surgical pathologists. The proper diagnosis and classification of nonneo-
plastic GI pathology are vital for correct patient management decisions.

This book has been written for a broad target audience with the aim of it being of interest
and benefit to pathologists who are already in practice to those who are just beginning their
training in pathology. All of the authors are practicing GI/liver pathologists or gastroenterolo-
gists at the Mayo Clinic, where we are very fortunate to see an extensive number and a wide
variety of cases in GI pathology. We are also grateful for the wealth of consult cases shared
with us over the years by pathologists like you, and many of the rare cases illustrated in this
book came from you! The chapters in this book reflect the current literature on the topics in the
field of nonneoplastic GI pathology with important inputs from personal experiences of the
authors.

This book includes chapters that provide an in-depth coverage of topics in GI pathology
which we believe the readers will find useful. Each major/common entity within the chapters
is described in detail with its definition, clinical features, pathological features (covering both
the gross and microscopic details), differential diagnosis, and treatment/prognosis. All the
chapters also highlight the use of special/immunohistochemical stains and other supporting
studies as needed with a focus on providing a practical differential diagnosis rather than just a
list of potential associations. This book has also been extensively illustrated with both gross
and microscopic images to be an integral part of the information provided in the text.

We would also like to acknowledge the exceptional administrative support of Crystal Holtz,
Amanda Rudat, Alison Smarzyk, Laurie Frazier, Monica Kendall, and Courtney Hyland for
this book.

Finally, this book has been written for surgical pathologists by surgical pathologists who
have a passion for GI pathology. We enjoy and love to read, talk, write, and sign out GI pathol-
ogy cases. We hope that our zest for GI pathology comes through in this book and we would
be able to contribute in some way to your understanding and enjoyment of GI pathology.

Rochester, MN, USA Lizhi Zhang, MD
Irvine, CA, USA Vishal S. Chandan, MD
Rochester, MN, USA Tsung-Teh Wu, MD, PhD
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Normal Histology of Gastrointestinal

Tract

Vishal S. Chandan

Esophagus
Anatomy

The esophagus is a hollow muscular tube that connects
the pharynx to the stomach. It begins in the neck region
at the cricoid cartilage, traverses through the thorax in the
posterior mediastinum, and extends past the diaphragm
up to the stomach. In an adult, it measures approximately
25 cm in length. At endoscopy, usually the length of the
esophagus is measured as the anatomic distance from the
incisor teeth. This corresponds to the esophagus begin-
ning at 15-18 cm from the incisor teeth and extending
to the gastroesophageal junction (GEJ) which is located
at approximately 40 cm. The adult human esophagus can
be divided into cervical, thoracic, and abdominal parts.
The upper esophageal sphincter is usually referred to as a
3 cm segment of the proximal esophagus at the level of the
cricopharyngeus muscle. The lower esophageal sphincter
is usually referred to as a 2—4 cm segment just proximal
to the anatomic GEJ, at the level of the diaphragm. Of
note, there are no well-established anatomic landmarks
that outline these sphincters in relation to the esopha-
geal musculature, though they may be recognized during
endoscopy.

The normal esophagus has several points of constric-
tion along its course. They are at the cricoid origin of the
esophagus, at the aortic arch, at the crossing of the left main
bronchus and left atrium, and at the passage through the dia-
phragm. These constrictions are clinically relevant as food or
medication pills can become lodged at these sites of luminal
narrowing resulting in contact mucosal injury to the esopha-
gus [1, 2].
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The GEIJ is defined as the upper limit of the proximal gas-
tric folds. The anatomic landmarks that can define the GEJ
include the peritoneal reflection from the stomach onto the
diaphragm or the incisura. Of note, the mucosal GEJ does
not correspond to the muscular GEJ. The proximal margin
of the gastric folds has been shown to closely correlate with
the muscular GEJ and may provide a reasonable and repro-
ducible anatomic landmark for the muscular GEJ [3]. The Z
line represents the mucosal squamocolumnar junction seen
at endoscopy or on gross examination.

Normal Histology

The esophageal wall consists of four layers: mucosa, submu-
cosa, muscularis propria, and adventitia (Fig. 1.1). The esoph-
agus does not have a distinct serosal lining. Hence, esophageal
tumors tend to spread more easily and are difficult to treat sur-
gically. The absence of a serosal layer also makes esophageal
luminal disruptions more difficult to repair at surgery.

The mucosa consists of nonkeratinizing stratified squa-
mous epithelium, lamina propria, and muscularis mucosae
(Fig. 1.2). Almost the entire length of the esophagus is lined
by squamous epithelium which can be divided into basal,
prickle, and superficial layers (Fig. 1.3). The basal layer is
usually 1 to 3 cells thick and occupies about 5-15% of the
epithelial thickness. The prickle and superficial cell layers
which lie above the basal layer are rich in glycogen and
become flatter toward the surface. The most distal segment
of the esophagus which is immediately below the squamous
mucosa is normally lined by gastric cardiac-type mucosa and
varies in length from a millimeter to about a centimeter. Rare
endocrine cells and melanocytes may also exist within the
squamous mucosa. Occasional intraepithelial lymphocytes
can be seen as a normal finding and usually located in the
suprabasal portion of the epithelium. Sometimes, the nuclei
of the lymphocytes can become convoluted and may cause
confusion with the nuclei of neutrophils (Fig. 1.4).

L. Zhang et al. (eds.), Surgical Pathology of Non-neoplastic Gastrointestinal Diseases,
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Fig. 1.1 Full-thickness section of esophagus showing four layers:
mucosa, submucosa, muscularis propria, and adventitia

Fig. 1.3 Normal esophageal squamous epithelium, with basal, prickle,
and superficial layers; and projections of the lamina propria extending into
the overlying epithelium (< 2/3 of epithelial thickness) to form papillae

Fig. 1.2 Normal squamous mucosa, consisting of nonkeratinizing
stratified squamous epithelium, lamina propria, and muscularis muco-
sae. The submucosa contains submucosal glands, ducts, and large cali-
ber vessels, which are important anatomic land markers when evaluating
submucosal invasion

The lamina propria lies beneath the epithelium and above
the muscularis mucosae. It consists of connective tissue, ves-
sels, scattered inflammatory cells such as lymphocytes as
well as plasma cells, and mucous-secreting glands. Papillae
are fingerlike projections of the lamina propria extending into
the overlying epithelium, normally less than 2/3 of epithe-
lial thickness (Fig. 1.3). The esophageal cardiac-type glands
seen within the lamina propria are composed of cells secret-
ing neutral mucins and resemble the gastric cardiac glands
(Fig. 1.5). Their ducts are lined by simple mucus-producing
cells. The muscularis mucosa is composed of longitudinally

Fig. 1.4 Occasional intraepithelial lymphocytes (arrow) can be seen as
a normal finding within the esophagus. Sometimes, the nuclei of the
lymphocytes can become convoluted (arrowhead) and may cause con-
fusion with the nuclei of neutrophil

arranged smooth muscle fibers and may be traversed by the
squamous epithelium-lined submucosal gland ducts. In cases
of Barrett esophagus, the muscularis mucosae may become
reduplicated (Fig. 1.6) [4].

The submucosa consists of loose connective tissue con-
taining blood vessels, nerves, lymphatics and submucosal
glands (Fig. 1.2). The submucosal glands consist of mucus
cells and produce mucin which has a local protective effect
(Fig. 1.7). The ducts lining these submucosal glands are
proximally lined by a single layer of cuboidal epithelium
which more distally becomes stratified squamous epithelium
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Fig. 1.5 Esophageal mucous-secreting glands in the lamina propria,
similar to cardiac-type glands

Fig. 1.6 Endoscopic mucosal resection showing duplication of the
muscularis mucosae in a case of Barrett esophagus. The original mus-
cularis mucosa is thicker and seen below (arrowhead). The duplicated,
more delicate muscle layer is seen superficially (arrow). The fibrocon-
nective tissue between these two layers should not be confused as
submucosa

as it penetrates the muscularis mucosae and overlying epi-
thelium to open into the esophageal lumen. Small periduc-
tal aggregates of lymphocytes and plasma cells can be seen
adjacent to the ducts.

The muscularis propria of the esophagus has pres-
ence of both striated and smooth muscle. The Auerbach’s
plexus and its associated interstitial cells of Cajal are found
between the two muscle layers. A short proximal segment
of the muscularis propria (approximately 5%) is composed
only of striated muscle [5]. Distal to the most proximal

Fig. 1.7 Esophageal submucosal glands and ducts

segment, there is a mixture of smooth and striated muscle
fibers. Greater than 50% of the distal muscularis propria is
composed only of smooth muscles.

The majority of the esophagus is surrounded by fascia.
The serosa lines only short segments of the thoracic and
intra-abdominal esophagus derived from the pleura and peri-
toneum, respectively.

Lymphatic Drainage

The esophagus has a rich supply of lymphatic vessels which
form anastomosing networks within the submucosa and con-
necting longitudinal channels in the muscularis propria. The
cervical esophagus primarily drains into the internal jugular
and paratracheal lymph nodes, while the thoracic esophagus
drains into the mediastinal and bronchial lymph nodes and
the abdominal esophagus into the subdiaphragmatic lymph
nodes. Esophageal carcinomas can show wide nodal metas-
tasis due to their rich lymphatic network. Unlike the colon,
the esophageal mucosa contains lymphatics, accounting
for the small but definite risk of lymph node metastasis for
intramucosal esophageal carcinomas [6, 7].

Innervation

Both parasympathetic and sympathetic nerves supply afferent
and efferent fibers to the esophagus. The vagus nerve supplies
both parasympathetic and sympathetic fibers to the esopha-
gus. Cervical and paravertebral sympathetic fibers also end
at the esophagus. The esophagus also has its own intrinsic
innervation system composed of Meissner’s plexus (ganglion
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cells in the submucosa) and Auerbach’s plexus (between the
circular and longitudinal layers of the muscularis propria).
The submucosal and muscle layers of the esophagus also con-
tain widely distributed interstitial cells of Cajal.

Stomach
Anatomy

The stomach is an extremely distensible J-shaped organ
located in the upper abdomen. At its upper end, it joins the
esophagus, just left of the midline and below the diaphragm.
Inferiorly, it connects to the duodenum, just right of the mid-
line. Grossly, the stomach can be divided into four regions:
cardia, fundus, body (corpus), and antrum [8]. The infero-
lateral margin of the stomach is known as the greater curva-
ture, while the superomedial margin is known as the lesser
curvature. The point where the tubular esophagus becomes
the stomach is known as the GEJ. Generally, the GEJ is at
the same level where the squamous esophageal mucosa tran-
sitions to the gastric mucosal folds. The gastric cardia is a
small and ill-defined area found just distal to the lower end
of the esophagus, extending approximately 1-3 cm from
the GEJ. The gastric fundus is the portion of the stomach
that lies above the GEJ, but just below the hemidiaphragm.
The gastric antrum constitutes the distal 1/3 of the stom-
ach, extending distal to the incisura and proximal from the
pyloric sphincter. The remainder of the stomach is referred
to as the gastric body (corpus). Of note, some do not distin-
guish between the corpus and the fundus and designate both
parts of the stomach as fundus since they have the same type
of mucosa. The term rugae applies to the thickened folds of
the gastric mucosa. The incisura angularis is the angle along
the lesser curvature which marks the approximate point at
which the stomach narrows before joining the duodenum.

Normal Histology

The gastric wall consists of four layers: mucosa, submucosa,
muscularis propria, and serosa (Fig. 1.8). The gastric mucosa
has two main epithelial components: the superficial foveolar
component and the deeper glandular component (Figs. 1.9,
1.10, and 1.11). Throughout the entire stomach, the foveolar
component is relatively uniform comprising tall, columnar,
and mucous-secreting cells with basally situated nuclei and
mucus-filled cytoplasm. These foveolar cells line the entire
mucosal surface and gastric pits (foveolae) (Fig. 1.9). The
deeper layer consists of coiled glands that empty into the
base of these foveolae. However, the glandular layer of the
stomach differs in structure and function depending on the
individual gastric zone.

Within the gastric cardia, the foveolae occupy about half of
the mucosal thickness (Fig. 1.10). It contains mucus-secreting

Fig. 1.8 Full-thickness section of stomach showing four layers:
mucosa, submucosa, muscularis propria, and serosa

Fig. 1.9 Gastric foveolae. The mucosal surface epithelium and gastric
pits are composed of tall, columnar, and mucous-secreting cells with
basally situated nuclei and mucus-filled cytoplasm

Fig. 1.10 Gastric cardiac mucosa. The foveolae are overlying mucus-
secreting glands and occupying about half of the mucosal thickness.
Inflammatory cells are typically present in the lamina propria
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Fig. 1.11 Gastric fundic mucosa. (a) The oxyntic glands beneath the
foveolae consist of tightly packed straight glands and are divided into
three portions: base, neck, and isthmus. (b) Chief cells (black arrow)
characterized by cuboidal shape with basophilic cytoplasm and basally
situated nuclei; parietal cells (arrowhead) have a characteristic “fried-
egg” appearance with acidophilic cytoplasm and centrally placed

glands that are loosely packed with abundant intervening
lamina propria. The mucus cells have ill-defined borders and
a bubbly cytoplasm. They secrete mucus and pepsinogen
II. Single or small clusters of oxyntic cells may also be seen
especially near the junctional zone with the fundus.

The fundic (oxyntic gland) mucosa found in the fundus
and body shows tightly packed straight glands with little
intervening lamina propria. They can be divided into three
parts: base, neck, and isthmus (Fig. 1.11a). The chief/zymo-
genic cells (pepsinogen I and II secreting) are the major
component of the basal portion. These cells are cuboidal
with basophilic cytoplasm (due to the presence of a rough
endoplasmic reticulum rich in ribosomal ribonucleic acid),
basally situated nucleus with small nucleoli (Fig. 1.11b). The
parietal cells (acid and intrinsic factor secreting) predomi-
nate in the isthmic portion of the glands [9]. These cells are
triangular in shape with the base parallel to the basement
membrane. They have a deep pink-colored (acidophilic)

nuclei; endocrine cells (white arrow), sitting between the chief cells
with a round shape, distinct cell border, and clear cytoplasm. (c)
Mucous neck cells (arrows) intermixed with chief cells and parietal
cells in the junctional region of the gastric pits and glands, character-
ized by clear or vacuolated cytoplasm with basal nuclei

cytoplasm (due to abundant microcanaliculi composed of
protein) with a centrally placed nucleus (Fig. 1.11b). They
can be highlighted by the use of human milk fat globulin
antibody [10]. The neck portion contains a mixture of zymo-
genic and parietal cells with admixed mucous neck cells.
These mucous neck cells resemble the mucus cells in the
pyloric region but can be difficult to appreciate on the H&E
stain and can be highlighted on the PAS stain (Fig. 1.11c¢).

The antral and pyloric glands are identical with the
foveolae occupying about half of the mucosal thickness
(Fig. 1.12a). Both regions contain mucus-secreting glands
that are loosely packed with abundant intervening lamina
propria. Single or small clusters of oxyntic cells may also
be seen especially near the junction with the gastric body
(Fig. 1.12b).

The stomach also contains a variety of endocrine (hor-
mone producing) cells. In the gastric antrum, the gastrin-
producing G cells comprise approximately 50% of the entire
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Fig.1.12 (a) Gastric antral mucosa composed of foveolae and pyloric glands, with each occupying about half of the mucosal thickness. (b) Antral
fundic transitional zone mucosa, containing both pyloric glands (arrow) and oxyntic glands (arrowhead)

endocrine cell population, approximately 30% are serotonin-
producing enterochromaffin (EC) cells, and about 15% are
somatostatin-producing D cells. In the fundic mucosa, the
histamine-secreting enterochromaffin-like (ECL) cells pre-
dominate, with smaller numbers of EC cells and X cells
(producing unknown secretion). These endocrine cells are
usually inconspicuous and difficult to appreciate on H&E
stain. However, on closer inspection, they are round in
shape, with clear cytoplasm and small nuclei (Fig. 1.11b).
In the fundic mucosa, the endocrine cells are mostly located
toward the base of the glands and are range in 10-20 cells
per crypt. However, in the antral mucosa, these endocrine
cells are more numerous ranging between 20 and 50 cells
per crypt, located in the neck region. Immunostains such as
chromogranin and synaptophysin can be used to highlight
these endocrine cells [11]. Individual hormones such as gas-
trin can also be demonstrated by specific antibodies.

The lamina propria consists of a fine meshwork of
reticulin, collagen, and elastic fibers beneath the basement
membrane, providing structural support to the overlying
epithelium. A mixture of few lymphocytes, plasma cells,
macrophages, and fibroblasts can be seen within the lamina
propria. Occasional neutrophils and mast cells may also be
present. The lamina propria also contains nerve fibers, capil-
laries, vessels, and lymphatics. Occasional small lymphoid
aggregates composed of small lymphocytes (primary lym-
phoid follicles) can also be seen within the lamina propria in
a normal stomach [12]. The muscularis mucosae consist of
two layers: the inner circular and outer longitudinal.

The submucosa lies between the muscularis mucosae and
muscularis propria. It is composed of loose connective tis-
sues containing elastic fibers. A network of veins, arteries,
and lymphatics as well as the Meissner’s nerve plexus is
found in the submucosa.

The muscularis propria is composed of three layers: outer
longitudinal, inner circular, and the innermost oblique. The
oblique layer is incomplete in nature and is present ante-
rior to the circular layer and is most obvious in the cardiac
region. At the pylorus, the inner circular layer forms the
pyloric sphincter.

Lymphatic Drainage

The lymphatic drainage of the stomach has been identified
into four main areas. The left gastric lymph nodes comprise
the largest group, draining the lower end of the esophagus and
most of the lesser curvature. The right gastric and hepatic nodes
drain the pyloric region and the lesser curvature. The pancreati-
cosplenic nodes drain the proximal portion of the greater cur-
vature, while the distal portion of the greater curvature drains
into the right gastroepiploic and pyloric lymph nodes.

The gastric lamina propria immediately superficial to
the muscularis mucosae has a network of lymphatics which
penetrate the muscularis mucosae and communicate with
the lymphatic channels present in the submucosa. Hence,
intramucosal gastric adenocarcinomas that are even entirely
superficial to the muscularis mucosae have a potential for
lymph node metastasis.

Innervation

The celiac plexus supplies the sympathetic nerves to the
stomach. The left and right phrenic nerves also innervate
the stomach. The vagus nerve provides the parasympathetic
supply to the stomach. Of note, either side of the subserosal
layer of the stomach is devoid of true nerve plexus.
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Small Bowel
Anatomy

The small bowel extends from the gastric pylorus to the
cecum and measures approximately 6—7 m in adults [13]. It
is divided into three parts: duodenum, jejunum, and ileum.
The duodenum measures approximately 12 inches in length
and is the most proximal portion of the small bowel, extend-
ing from the gastric pylorus into the duodeno-jejunal flexure.
The duodenum itself is subdivided into four parts: The first
portion known as the duodenal cap or bulb, the second or
descending portion (into which the common bile duct and
pancreatic ducts open), the third or horizontal portion; and
the fourth or ascending portion which connects to the jeju-
num. The ligament of Treitz which consists of a strip of fibro-
muscular tissue marks the origin of the jejunum. Distal to the
ligament of Treitz, the rest of the small bowel is subjectively
subdivided into the jejunum (the proximal two-fifths) and the
ileum (the distal three-fifths).

The duodenum is retroperitoneal, while the jejunum lies
in the peritoneal cavity. The remainder of the small bowel is
intraperitoneal until it ends at the ileocecal valve.

Normal Histology

The wall of the small bowel is divided into four basic lay-
ers: mucosa, submucosa, muscularis propria, and serosa
(Fig. 1.13). The mucosal lining of the small bowel is
designed to provide maximal surface area for the basic
function of food absorption [14, 15]. The mucosa is com-
posed of an epithelial layer, lamina propria, and muscula-

ris mucosae. The entire luminal surface of the small bowel
is composed of microscopic finger-like projections known
as villi (Fig. 1.14). Each villous surface is lined by a single
layer of epithelium composed of various cell types, beneath
which lies the lamina propria containing a rich network of
arteriovenous capillaries and lymphatic channels. The crypts
of Lieberkuhn (pit-like crypts or depressions of the surface
epithelium) lie beneath the villi in between the intervening
regions. The normal villus-to-crypt ratio ranges between 3:1
and 5:1 [14].

Four main cell types are identified within the surface epi-
thelium of the small bowel: absorptive cells, goblet cells,
endocrine cells, and Paneth cells. The absorptive cells are
the most common type seen within the surface epithelium.
They are tall and columnar and have an eosinophilic cyto-
plasm and basally located round nucleus. A brush border
composed of microvilli and glycocalyx is seen on their lumi-
nal surface. The microvilli are best seen on ultrastructural
examination, and the brush border can also be highlighted
on the PAS stain or CD10 immunostain (see Fig. 9.23). The
goblet cells are scattered among the absorptive cells. They
are characterized by presence of apical mucin droplet with
an attenuated and basally situated nucleus. The numbers of
goblet cells increase from the duodenum toward the ileum.
Endocrine cells are more abundant within the crypts, but
they can also be scattered within the villous epithelium. The
cytoplasm of these endocrine cells contains abundant fine
eosinophilic granules which contain secretory products. The
main portion of the endocrine cell is located at the base of
the epithelium. They have a small nucleus which is present
on the luminal side of the cytoplasmic granules. The Paneth
cells have bright coarse eosinophilic granules which are api-

Fig. 1.13 Full-thickness section of small bowel showing four layers:
mucosa, submucosa, muscularis propria, and serosa. Note the villi sit-
ting on the mucosal circular folds (plicae circulares)

Fig. 1.14 Normal small bowel villi. Finger-like projections lined by a
single layer of absorptive epithelium interspersed with goblet cells
lying on lamina propria containing some inflammatory cells, a rich net-
work of arteriovenous capillaries and lymphatics. Note the Paneth cells
at the base of the crypts
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cally oriented. The Paneth cells secrete growth factors and
antimicrobial proteins which play a role in immunity against
bacterial infections. The size as well as color of the eosino-
philic cytoplasmic granules and the position of the nucleus
help in the histologic distinction between endocrine cells
and Paneth cells. The Paneth cell granules are larger, coarser,
brightly eosinophilic, and apical relative to the basally
located cell nucleus. In contrast, the endocrine cell granules
are smaller, finer, deeply eosinophilic, and basally oriented
relative to the apically displaced nucleus. Of note, it may be
difficult to appreciate the Paneth cells on H&E-stained sec-
tions if the tissue is fixed in fixatives containing picric acid
(like Hollande’s or Bouin’s) as they mask the eosinophilic
staining of the granules [16].

There are two specific structures in the second portion of
the duodenum: major and minor duodenal papilla. The major
duodenal papilla is the landmark separating foregut and
midgut, where common bile duct and pancreatic duct open
into the duodenum, and the minor duodenal papilla is the
opening of the accessory pancreatic duct which is typically
located 2 cm proximal to the major papilla. The histology
of the major papilla is different from the adjacent duodenal
mucosa. It is surrounded by thin smooth muscle bundles,
the sphincter of Oddi, and contains ampulla of Vater where
the pancreatic duct and the distal common bile duct unite
(Fig. 1.15). The epithelium at the major papilla tends to be
flat and often has focal gastric mucinous metaplasia. There is
no muscularis mucosae and submucosal tissue in the papilla.
The ampulla of Vater is lined by cuboidal to low columnar
pancreaticobiliary-type epithelium with occasional goblet
cells, but no absorptive-type cells. The epithelium may form
papillary structures. There are peribiliary glands and pancre-

atic acini in the vicinity. Understanding the local anatomy
and normal histology is important when evaluating carci-
noma arising around the papilla, ampulla, distal common
bile duct, or pancreatic head.

Small nodules of lymphoid tissue can be seen within the
mucosa of the small bowel. Few scattered intraepithelial
lymphocytes (one lymphocyte for every four to five epithe-
lial cells) can also be seen within the normal small bowel
[17-19]. These intraepithelial lymphocytes are CD3 posi-
tive, and majority of them also express CDS8 [20, 21]. The
intraepithelial lymphocytes usually decrease in number
from the base toward the tip within the normal small bowel
(Fig. 1.16; also see Fig. 9.2).

The framework of the lamina propria is composed of inter-
weaving collagen bundles and other connective tissue fibers.
A network of blood capillaries, lymphatics, and nerve fibers
courses through the lamina propria. The lamina propria of the
small bowel also contains numerous lymphocytes, plasma
cells, and eosinophils. A few histiocytes, dendritic cells, and
mast cells may also be present. The lamina propria rests upon
a thin fibromuscular layer known as the muscularis mucosae,
which separates the mucosa from the underlying submucosa.

The submucosa which lies between the muscularis mucosae
and muscularis propria is composed of a mixture of collage-
nous and elastic fibers with fibroblasts. Few scattered inflam-
matory cells such as histiocytes, lymphocytes, and plasma cells
can be seen within the submucosa along with adipose tissue.
The submucosa also contains a rich network of large arterials,
venules, and lymphatics. Neural structures are also present in
the submucosa, including the Meissner’s plexus.

The submucosa of the duodenum contains the Brunner’s
glands. They are most concentrated in the gastroduodenal

Fig. 1.15 Major papilla and ampulla of Vater. (a) The major papilla is
lined by flat epithelium showing gastric mucinous metaplasia and sur-
rounded by thin smooth muscle bundles of sphincter of Oddi. (b) The

ampulla of Vater is lined by cuboidal to low columnar pancreaticobiliary-
type epithelium with occasional goblet cells, with a papillary appear-
ance and scattered peribiliary glands
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Fig. 1.16 Scattered intraepithelial lymphocytes (arrows) within the
normal small bowel mucosa (one lymphocyte for every four to five epi-
thelial cells)

Fig. 1.17 Duodenal bulb mucosa containing abundant Brunner’s
glands. Note the focal gastric foveolar metaplasia (arrow)

junction and gradually decrease in quantity along the length
of duodenum. They serve as microscopic landmark for duode-
num. Brunner’s glands are lobular collections of glands lined
by cuboidal to columnar cells with uniform pale appearing
cytoplasm with an oval basally located nucleus (Fig. 1.17).
They contain neutral mucin which is PAS positive and dia-
stase resistant. Their ducts are lined by similar epithelium.
The ileum shows prominent well-defined lymphoid tis-
sue including Peyer’s patches and isolated lymphoid fol-
licles (Fig. 1.18). Peyer’s patches can be seen within the
submucosa and also within the mucosa. The follicles within
Peyer’s patches are composed predominantly of B lym-
phocytes with admixed follicular dendritic cells and mac-
rophages. Most follicles also contain a germinal center

Fig.1.18 Peyer’s patches in terminal ileum containing prominent reac-
tive lymphoid aggregates/follicles in mucosa and submucosa

composed of CD10-positive and bcl-2-negative B cells. The
germinal center is surrounded by a mantle zone of small
IgD-positive and IgM-positive B cells.

The muscularis propria is the outer smooth muscle layer
surrounding the submucosa. It consists of an outer longitu-
dinal layer and inner circular area. Blood vessels, lymphat-
ics, and nodes traverse through the muscularis propria. The
myenteric plexus of Auerbach lies between the outer lon-
gitudinal and inner circular muscle layers. Interstitial cells
of Cajal form a network around the Auerbach’s plexus and
within the circular muscle layer.

The serosa envelopes the outermost surface of the small
bowel. It consists of a single layer of cuboidal mesothelial
cells, beneath which lies a thin layer of loose connective
tissue.

Lymphatic Drainage

The lymphatic drainage of the duodenum occurs to the peri-
pancreaticoduodenual lymph nodes consisting of the retro-
pancreatic, hepatic artery, inferior pancreaticoduodenal, and
superior mesenteric lymph nodes. The rest of the small bowel
drains along the mesentery to the cecal, ileocolic, superior
mesenteric, and mesenteric lymph nodes.

Innervation

The celiac and superior mesenteric plexuses provide the
sympathetic nerves to the small bowel. The parasympa-
thetic nerve supply to the small bowel is provided by the
vagus nerve.
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Appendix
Anatomy

Appendix is a slender tubular structure that protrudes from
the posteriomedial aspect of the cecum, originating within
about 2 cm below the insertion of the ileum into the cecum.
The length of the appendix is quite variable, but on aver-
age measures 7-10 cm [22]. It measures approximately
0.3-0.5 cm in diameter. The appendix is covered by the peri-
toneum along almost its entire external surface.

The exact role of the appendix in the human body is
uncertain. Some believe it to be a functionless vestigial
structure. However, others have suggested that the lympho-
cytes derived from the appendix migrate to other sites within
the GI tract and help in immunity [23].

Normal Histology

Histologically the appendix is similar to the colon, consist-
ing of four layers, namely, mucosa, submucosa, muscularis
propria, and serosa. However, the most prominent feature is
the abundance of organized lymphoid tissue which is cir-
cumferentially arranged within both the lamina propria and
submucosa (Fig. 1.19).

The surface epithelium of the appendix consists of absorp-
tive cells which are tall and columnar with eosinophilic cyto-
plasm and round basally situated nucleus. These absorptive
cells are admixed with goblet cells, neuroendocrine cells, and
scattered Paneth cells. The crypts of the appendix are more
irregular in shape, length, and distribution when compared to
the colon. The crypts may even be absent in areas where the

lymphoid tissue is prominent or abundant. Few intraepithe-
lial lymphocytes may be present within the crypt epithelium,
but neutrophils and plasma cells are normally absent.

The lamina propria surrounds the crypts and forms a
connective tissue framework around them. Plasma cells,
lymphocytes, macrophages, eosinophils, and mast cells are
normally present within the lamina propria. A varying num-
ber of well-defined lymphoid aggregates may be present
within the lamina propria, and they may even extend beneath
the muscularis mucosae into the underlying submucosa.
However, the amount of lymphoid tissue within the appendix
varies with age. Of note, in newborns, there may be scant or
no lymphoid tissue present. The amount of lymphoid tissue
within the appendix increases with age, peaking at around
10 years. Then, it steadily diminishes in quantity throughout
the rest of the life. The lamina propria also contains a rich
network of blood capillaries, lymphatics, and nerve fibers.

The muscularis mucosae lie beneath the lamina propria,
and in the appendix, it may be attenuated, poorly developed,
or even focally absent in the areas of prominent lymphoid
aggregates.

The submucosa lies between the mucosa and muscularis
propria. It consists of a meshwork of elastic and collagenous
fibers with admixed fibroblasts. A few lymphocytes, plasma
cells, macrophages, and mast cells may be present within the
submucosa. Prominent vessels including arterioles, venules,
and lymphatics along with the Meissner’s plexus are also
present within the submucosa.

The muscularis propria of the appendix consists of an
inner circular layer and an outer longitudinal layer. The
Auerbach’s (myenteric) plexus lies between these two mus-
cle layers. The subserosa lies external to the outer longitu-
dinal layer of the muscularis propria. It consists of loose

Fig. 1.19 Normal appendix. (a) Four layers of appendix: mucosa, sub-
mucosa, muscularis propria, and serosa. Scattered lymphoid aggregates
circumferentially arranged within both the lamina propria and submu-

cosa. (b) Appendiceal mucosa, similar to colonic mucosa, but with
irregular crypts and prominent lymphoid aggregates and follicles
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connective tissue with intermixed blood vessels, lymphatics,
and nerve fibers. The serosa is the outermost layer composed
of cuboidal mesothelial cells. Of note, the attachment of the
fibrofatty mesoappendix lacks the serosa.

Lymphatic Drainage

The appendix drains into the ileocolic chain of lymph nodes.

Innervation

The parasympathetic nerves to the appendix are derived from
the vagus nerve, while the sympathetic nerves come from the
superior mesenteric plexus.

Colon
Anatomy

The colon connects the terminal ileum to the anal canal and
measures about 1.0-1.5 m in an adult [24, 25]. The major
regions of the colon consist of cecum, ascending colon,
hepatic flexure, transverse colon, splenic flexure, descending
colon, sigmoid colon, and rectum. The cecum is bulbous and
along with the ascending colon constitutes the colon on the
right side of the abdomen. The ventral surfaces of the cecum
and ascending colon are covered by the peritoneum, while
their dorsal aspect lies directly on the posterior abdominal
wall. The transverse colon extends between the hepatic flex-
ure and splenic flexure and is suspended by the lesser omen-
tum. The descending colon is attached to the left posterior
abdominal wall. The sigmoid colon starts around the pelvic
rim and is suspended entirely by the mesentery, leading to
its increased susceptibility for volvulus. The sigmoid colon
connects to the rectum which passes between the peroneal
muscles to exit the abdominal cavity.

Normal Histology

Histologically, the colon consists of four distinct compart-
ments: mucosa, submucosa, muscularis propria, and serosa
(Fig. 1.20).

The mucosa consists of columnar epithelium lining the
colonic crypts that extend deep into the lamina propria up
to the muscularis mucosae (Fig. 1.21). These crypts are
arranged perpendicular to the muscularis mucosae running
parallel to each other and imparting a “rack of test tubes”
appearance. The epithelial cells identified within the mucosa
consist of absorptive cells, goblet cells, endocrine cells, and

Fig.1.20 Full-thickness section of colon showing four layers: mucosa,
submucosa, muscularis propria, and serosa

Fig. 1.21 Normal colonic mucosa. Regularly and parallelly arranged
crypts perpendicular to the muscularis mucosae consisting of absorp-
tive cells, goblet cells, and endocrine cells. Paneth cells are normally
present in proximal colon. The lamina propria contains a variable num-
ber of inflammatory cells and a rich network of capillaries, venules, and
lymphatics

Paneth cells. The basement membrane provides support to
the overlying epithelial cells. Normally, it is 3—5 pm in thick-
ness with a regular outline. Basement membrane irregularity,
with entrapment of the capillaries within the superficial lam-
ina propria and thickness greater than 10 pm, is considered
pathological [26, 27].

The absorptive cells compose majority of the surface
epithelium. They are columnar in shape with lightly eosin-
ophilic cytoplasm and basally placed oval nucleus. The
luminal surface shows tightly packed apical microvilli. The
goblet cells can be seen both within the surface epithelium
and crypts. They are oval to round in shape with relatively
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clear cytoplasm on the H&E-stained section. They have a
dense, irregular, and hyperchromatic nucleus. The endocrine
cells are mainly located in the crypts. They contain small,
deeply eosinophilic granules that are basally oriented [28].
They have a small nucleus that is pushed toward the lumen.
The Paneth cells are pyramidal in shape with apical densely
eosinophilic granules and basally located oval nucleus and
can be present in proximal colon but normally absent in
distal colon and rectum [29]. They are usually seen at the
base of the crypts (Fig. 1.22). Of note, the Paneth cell gran-
ules are autofluorescent on H&E-stained sections [30].

Few intraepithelial lymphocytes can be seen within
normal colon and range from one to five lymphocytes per
100 epithelial cells. However, 20 or more lymphocytes per
100 epithelial cells are considered pathological. Increased
intraepithelial lymphocytes can be seen within the epithe-
lium overlying lymphoid aggregates, and this should not be
misinterpreted as pathological in nature. Rare intraepithelial
eosinophils may also be occasionally seen within the normal
colon [31].

The lamina propria extends between the basement
membrane and muscularis mucosae. It has of a mixture of
inflammatory and mesenchymal cells organized within an
extracellular matrix. The entire length of the colonic lamina
propria contains thousands of well-defined lymphoid aggre-
gates, especially prominent within the cecum. In addition
to these lymphoid aggregates, the lamina propria also con-
tains a mixture of lymphocytes, plasma cells, eosinophils,
mast cells, and macrophages. The density of the inflamma-
tory cells within the lamina propria varies within different
segments of the colon. The cecum and right colon are more
cellular than the other segments of the colon. There is usu-
ally a progressive decrease in the cellularity of the lamina

propria from the right to the left colon. Muciphages are
macrophages with ingested mucin. They are normal con-
stituents of the lamina propria and commonly seen within
the left colon and rectum (Fig. 1.23). The lamina propria
also contains a rich network of capillaries, venules, and
lymphatics. The muscularis mucosae is formed by a thin
layer of smooth muscle, forming the deep boundary of the
lamina propria. It also contains vascular channels and nerve
twiglets.

The submucosa consists of loosely arranged smooth mus-
cle and fibroadipose tissue with a rich network of angiolym-
phatic and neural tissue. Scattered inflammatory cells and
few lymphoid aggregates may also be seen within the sub-
mucosa. The amount of adipose tissue within the submucosa
varies significantly among individuals and also between the
right and left colon. The ileocecal valve and cecal regions
show abundance of mature adipose tissue within the submu-
cosa, often times even resembling a lipoma. The submucosa
contains two neural plexuses, namely, the plexus of Meissner
which is located immediately beneath the muscularis muco-
sae and the deeper Henle’s plexus. These neural plexuses
consist of neurons, glial cells, ganglion cells, and stromal
components (Fig. 1.24). The interstitial cells of Cajal are also
present within the submucosa and play an important role in
the gut motor activity [32-34].

The muscularis propria of the colon consists of an inner
circular layer and outer longitudinal layer. Blood vessels
and lymphatics are seen within the muscularis propria. The
interstitial cells of Cajal are also present between the muscle
layers and around the nerve plexuses. The subserosal fibro-
adipose tissue lies beyond the muscularis propria, which is
limited by the serosa consisting of a mesothelial lining and
adjacent fibroelastic tissue.

Fig. 1.22 Paneth cells (arrow) versus endocrine cells (arrowhead) in
colonic mucosa

Fig. 1.23 Muciphages (arrows) in lamina propria are a common find-
ing within the left colon and rectum
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Fig. 1.24 Colonic neural plexuses. (a) The submucosal plexus of Meissner, consisting of neurons, glial cells, ganglion cells, and stromal compo-
nents. (b) The myenteric plexus (or Auerbach’s plexus) located between the longitudinal and circular layers of muscularis propria

Lymphatic Drainage

The cecum, ascending colon, and hepatic flexure drain into
the pericolic, ileocolic, and right colic lymph nodes. The
transverse colon and splenic flexure drain into the perico-
lic, middle colic, and left colic lymph nodes. The descending
and sigmoid colon drain into the pericolic, left colic, sig-
moid, and inferior mesenteric lymph nodes.

Innervation

The ascending colon and proximal two-thirds of the trans-
verse colon receive their sympathetic, parasympathetic,
and sensory supply via nerves from the superior mesenteric
plexus. The distal one-third of the transverse colon, descend-
ing colon, and sigmoid colon receive their sympathetic, para-
sympathetic, and sensory supply via nerves from the inferior
mesenteric plexus, composed of parasympathetic innerva-
tion via the pelvic splanchnic nerves and sympathetic inner-
vation via the lumbar splanchnic nerves.

Anal Canal
Anatomy

The anal canal is the most terminal part of the large intestine
connecting the rectum to the anus. It extends from the level
of the pelvic floor (anorectal ring) to the anal opening (anus).
In an adult, the anal canal measures around 3—4 cm in length
[35, 36]. The sequence of epithelial zones from the rectum
to the perianal skin is divided into four different areas: (1)

zone covered by colorectal type of mucosa; (2) anal transi-
tional zone; (3) zone covered by squamous epithelium; and
(4) perianal skin lined by keratinized squamous epithelium,
skin appendages, and hair follicles. The muscles of the anal
canal (from inside out) consist of musculus submucosae ani,
internal anal sphincter, anal longitudinal muscle, and exter-
nal anal sphincter.

Normal Histology

The colorectal zone of the anal canal is a continuation of
the rectal mucosa [37]. The anal transitional zone is lined
by small basal cells whose nuclei are arranged perpendicu-
lar to the basement membrane (Fig. 1.25). The superficial
cells can be flattened to columnar in shape. The anal transi-
tional zone may also show small areas of mature squamous
epithelium and simple columnar epithelium. The squamous
epithelium just distal to the anal transitional zone is nonke-
ratinized. Toward the distal end of the anal canal, keratini-
zation becomes apparent as it blends with the perianal skin
containing hair and skin appendages.

The anal glands open into the anal transitional zone.
They are present within the submucosa and extend into the
internal sphincter with some even penetrating the external
sphincter [38]. The lining epithelium of these anal glands
is similar to the epithelium lining the anal transitional zone
(Fig. 1.26a, b). Intraepithelial microcysts and goblet cells
may also be seen within the anal glands. The anal glands are
surrounded by myoepithelial cells and may also show few
lymphocytes around them. Within the perianal skin, an addi-
tional type of glands known as the anogential mammary-
like glands is also seen. They are lined by a simple columnar
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Fig. 1.25 (a) The anal transitional zone mucosa (right), lined by multilayered small basal cells, in comparison to the anal squamous epithelium
(left). (b) Transition from the columnar colonic epithelium to anal transitional zone mucosa

Fig. 1.26 Anal glands and anogenital mammary-like glands. (a) Two  tal mammary-like glands lined by one layer of low columnar epithelial
distinct structures in this section: anal gland ducts (black arrow) and  cells surrounded by myoepithelial cells and loose connective tissue,
anogenital mammary-like glands (white arrow). (b) An anal gland duct ~ with small acini formation (arrow)

lined by transitional zone epithelium. (¢) Transverse section of anogeni-
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epithelium with cytoplasmic projections protruding into the
glandular lumen and surrounded by an outer myoepithelial
layer (Fig. 1.26a, c).

The lamina propria consists of loose connective tissue
containing a variable number of mast cells and lymphocytes.
The muscularis mucosae of the rectum continue into the
proximal anal canal and can also be found in the proximal
anal transitional zone. Few interstitial cells of Cajal may
be seen in the internal anal sphincter but not in the external
sphincter [39].

Lymphatic Drainage

The upper part of the anal canal drains to the hypogastric,
obturator, and internal iliac lymph nodes. The lower part
of the anal canal and perianal skin drain into the superficial
inguinal nodes.

Innervation

Sympathetic fibers from the superior rectal and hypogastric
plexuses innervate the internal anal sphincter. The pudendal
and fourth sacral nerves provide the innervation to the exter-
nal anal sphincter.
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