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GI tract, liver, gallbladder & pancreas
Structure and Regulation
Introduction
-

-

-

The gastrointestinal tract is organized in clinical medicine by anatomy. It is a tube and
each segment from the mouth to the anus has symptoms that can be localized to its
segment of origin (e.g. dysphagia arises in the oropharynx / esophagus and bloody
diarrhea arises in the colon).
The diseases for each segment can be summarized as:
1. Congenital
2. Infectious / reactive
3. Autoimmune / degenerative
4. Neoplastic
The liver, gallbladder and pancreas are usually lumped in with the GI tract, but they
have unique diseases and so are usually considered separately.

Structure
Structure is more than gross anatomy. Think “Completeness”:
Regional > surface > internal structure > tissue architecture > cells > ultrastructure > proteins > DNA

Regional anatomy
The importance of regional anatomy is the interaction of adjacent organs from unrelated
systems. Here are some key examples:
Head and Neck
-

-

1

Mouth and nose: cleft palate
Nasopharynx (adenoids) and eustachian tubes: otitis media
Pharynx and palatine tonsils: Epstein-Barr virus infects squamous epithelium (acute:
sore throat; latency: nasopharyngeal carcinoma) and lymphoid tissue (acute:
lymphadenopathy; latency: Burkitt lymphoma)
Pharynx and metastases: HPV squamous cell carcinoma and neck masses (i.e.
lymphadenopathy)
Esophagus and trachea: swallowing versus aspiration
Salivary glands and teeth: Sjӧgren syndrome and dental caries
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Chest
- Diaphragm and gastroesophageal hernias (i.e.
congenital, sliding and paraesophageal)
- Left atrium: dysphagia in mitral valve stenosis
Abdomen (there are many)
- Duodenum and pancreas: posterior perforating
ulcer and pancreatitis
- Gallbladder and small bowel: gallstone ileus
- Ileum and anus: perianal fistula in Crohn disease
- Liver and fallopian tube: perihepatitis in acute PID
- Biliary tree and pancreas: gallstone pancreatitis,
jaundice in pancreatic cancer
Pelvis
- Anus and perineum: visceral / somatic junction

Lymphoid System

-

-
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The lymphoid system can be divided into:
o Primary organs: bone marrow and thymus
o Secondary organs: lymph node, spleen and mucosa-associated lymphoid tissue
(MALT)
• MALT can be gut-associated (GALT), bronchial (BALT), nasopharyngeal
(NALT), skin (SALT) and genitourinary (no good acronym)
o Tertiary organs: arise locally in areas with chronic pathologic injury or infection
In the GI tract, GALT consists of:
o Tonsils (aka Waldeyer’s ring): these are found in the pharynx (called adenoids
when enlarged), the base of the tongue (lingual tonsil) and the palatine tonsils that
are a familiar part of the oral exam.
o Peyer’s patches:
• These can be considered the “tonsils” of the gut.
• There are about 100 aggregates, increasing in number to the terminal
ileum and appendix.
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• They are covered by a special epithelial cell, the M cell, that
uptakes antigens and transports them to microfolds (hence M cells)
in its basolateral side where B lymphocytes have isotope switching
to IgA
o Also found on tonsils
o Targeted by S. typhi and Polio virus
• Peyer’s patch hypertrophy is associated with appendicitis
(obstruction) and intussusception (leading edge mass)

Palpable lymph nodes and
their fields of drainage.

-

-
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Lymphatic drainage matters clinically for the differential diagnosis of masses and in
staging cancers. Lymphatic drainage should be understood 2 ways: from organ to lymph
node when looking for metastases and from lymph node back to find the origin of a
lymphadenopathy.
There are 3 important concepts unique to the GI tract:
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Cervical lymph nodes drain the mouth and pharynx. Most neck masses are enlarged
lymph nodes and a majority of these are metastatic squamous cell carcinomas (SCC)
from the mouth and pharynx.
o The Rule of 80’s states that in someone > 50 years old, 80% of neck mases are
lymphadenopathy, of these, >80% are malignant and of these, >80% are SCCs
from the head and neck.
• The abdominal organs drain through the thoracic duct. This empties into the left
subclavian vein and gives rise to metastases in the left supraclavicular nodes.
o These are called Virchow’s nodes, in honor of an early and important pathologist
who described them.
• The anus is formed from the body wall and so its lymphatics drain to the external
inguinal lymph nodes
o The rectum is an endodermal organ and its lymphatics drain into iliac lymph nodes
and up to the para-aortic nodes.
•

Venous system
-
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The abdomen has both a systemic and portal venous system. This mostly matters in
portal hypertension with the formation of portal-systemic anastomoses. It also gives the
liver a dual blood supply so that it is difficult to infarct.
• Esophageal varices: portal vein → left gastric vein → esophageal veins → azygous
vein
• Hemorrhoids: portal vein → inferior mesenteric vein → superior rectal vein → inferior
rectal vein → iliac veins
• Caput medusa: portal vein → paraumbilical vein (ligamentum teres) → epigastric
veins of abdominal wall → iliac veins
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Arterial blood supply
-
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There are distinctive clinical conditions that require specific knowledge of the arterial
system in the abdomen
• Perforating peptic ulcers and massive bleeding
• Lesser curvature ulcer into the left gastric artery
• Duodenal ulcer into the gastroduodenal artery
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Small bowel infarction
o Right-sided thromboembolic disease arises in the heart when mural thrombi form
from abnormal flow. Two common conditions include atrial fibrillation and wall
dyskinesis in myocardial infarction
o When the thrombus comes free, the 2 commonest arteries involved are the
carotid artery, giving rise to an ischemic stroke and the superior mesenteric artery
(SMA), giving rise to a small bowel infarction.
o The patient develops sudden abdominal pain from the ischemia, but there is little
to find on physical examination except decreased bowel sounds. Bloody stool from
mucosal necrosis may take up to a day to appear. The key to the diagnosis is a high
index of suspicion for cardiac thrombosis.
o Diagnosis is made by CT angiogram and surgery is required or there is 100%
mortality.
• Ischemic colitis
o Individuals with poor blood flow to the gut are vulnerable to ischemia during
periods of hypotension. The splenic flexure is most vulnerable as it is at the
junction of the superior mesenteric artery and inferior mesenteric artery. This is a
standard example of watershed ischemia.
o This can lead to a more gradual onset than with emboli occlusion. While pain is
common, patients may present with rectal bleeding first.
o Diagnosis requires a high index of suspicion in patients with atherosclerosis and an
episode of hypotension.
o Diagnosis is by imaging and endoscopy.

•

6
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Histology
-

-

-
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An appreciation of the histology of the GI tract helps in understanding clinical
conditions. Key points include:
There are 3 basic kinds of cells in the body:
o Epithelium: these cover the surfaces and there are three basic types. Malignancies
of the epithelia are carcinomas
• Squamous (squamous cell carcinoma, SCC)
• Glandular (adenocarcinoma)
• Urothelial, aka transitional cell, (urothelial carcinoma)
o Mesenchymal cells, aka connective tissues. These provide the structure of an
organ, called its stroma. This includes collagen, vessels, nerves and lymphatics.
Malignancies are sarcomas. The only connective tissue neoplasm of the GI tract
worth learning is the gastrointestinal tumor (GIST) found in the stomach.
o Hematopoietic cells: critical in the immune response, these cause lymphomas and
leukemias.
• Secondary lymphoid organs include lymph nodes, the spleen and
mucosa- associated lymphoid tissue (MALT). The gut-associated lymphoid
tissue (GALT) includes the tonsils of Waldeyer’s ring and Peyer’s patches
(see above).
Squamous epithelium is designed to withstand mechanical stress. It is found in the
mouth and upper esophagus to resist food trauma. Squamous epithelium is found in the
anus to resist trauma from hard feces.
o Carcinomas from these sites are squamous cell carcinomas
o Squamous epithelium is not chemical resistant. In reflux esophagitis, chronic injury
leads to the adaptive response of intestinal metaplasia, seen in Barrett mucosa.
o Squamocolumnar junctions are vulnerable to HPV infection. These infections, with
warts and SCC, are found at the cervix, pharynx, esophagus and anus.
Glandular mucosa either secretes or absorbs.
o Gastric mucosa secretes HCl, presumably to sterilize food, and therefore has a
mucosa that produces abundant alkaline mucus. This is regulated by
prostaglandins, making gastric mucosa vulnerable to prostaglandin inhibitors like
NSAIDs. Vomiting leads to a metabolic alkalosis.
o Small bowel mucosa does secrete enough fluid for motility but is more important
as an absorptive epithelium. The duodenum and proximal jejunum are critical sites
for iron, folate and calcium (e.g. celiac sprue). The terminal ileum absorbs vitamin
B12 and bile salts (e.g. Crohn disease and gallstones)
o Colonic mucosa absorbs water and bicarbonates. Severe diarrhea leads to a
metabolic acidosis.
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The Anus

8
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The anus is separated from the rectum by the pectinate line (aka dentate line). This is a
critical fact, as the rectum derives from the hindgut endoderm and the anus derives
from the ectodermal body wall.

Proximal (Rectum)
Epithelium Glandular
Innervation Myelinated somatic
Lymphatic Internal iliac chain
Veins
Sup rectal → portal
Arteries
Sup rectal
Sphincter
Extra-sphincter
•

•

•

•

•
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Distal (Anus)
Squamous
Unmyelinated visceral
External inguinal
Inf rectal → inf iliac
Inf pudendal
Intra-sphincter

Disease
Carcinomas
Hemorrhoids
Cancer staging
Cirrhosis
Anal fissure
Fistula-in-ano

The rectum has glandular epithelium, develops adenocarcinomas and lymphatic
spread is to the pararectal lymph nodes and then internal iliac nodes. The anus has
squamous epithelium (image #6 a & b), develops squamous cell carcinoma and
lymphatic drainage is to the external inguinal lymph nodes.
Internal hemorrhoids develop in the internal hemorrhoidal plexus (image #5) and
therefore have visceral innervation. They do not hurt. Their major symptom is
bleeding from prolapse. External hemorrhoids develop in the external hemorrhoid
plexus (image #7) and have somatic innervation. They itch and burn and are very
painful when there is thrombus of the vein.
The rectum drains through the superior rectal vein → inferior mesenteric vein →
portal vein. The anus drains through the inferior rectal vein → internal iliac vein. In
portal hypertension, this portal-systemic anastomosis forms hemorrhoids.
The inferior pudendal artery approaches the anus from the anterior and it is felt
that there is less blood supply to the posterior anus. This makes any injury to the
posterior anal wall harder to repair and is felt to be the basis of anal fissures.
These are mostly found in the posterior location.
Fistula-in-ano mostly arises from obstruction and infection of anal glands (8b in
image above; B in image below). These mostly form intra-sphincteric fistulae,
although extra-sphincteric drainage is possible. Pelvic abscesses (A in image),
however, can only form extra-sphincteric fistulae. All extra-sphincteric fistulae
must therefore be investigated for possible abdominal/pelvic course. Causes of
these include diverticular disease and Crohn disease.
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Fistula-in-ano
Bowel penetration
abscess

Crypt gland
abscess

Extra-sphincter
fistula
Intra-sphincter
fistula
Gastrointestinal and Liver Regulation
Regulation of gastric secretion
-

-
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Acid production and regulation by the parietal cell of the gastric mucosa is one of the
few physiologic processes in GI physiology worth knowing in routine clinical medicine.
Peptic ulcer disease and gastroesophageal reflux and important, common diseases.
Multiple endocrine neoplasia (MEN) Type I has gastrinomas that secrete gastrin.
The pharmacology of acid regulation is easier to understand with a clear image of acid
regulation.
• Figure #1: proton pump inhibitors (block H+/K+ ATPase)
• Figure #2: H2 receptor antagonist
• Figure #2: M receptor antagonist (atropine)
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The Parietal Cell and Acid Production

1
3

-

Regulation of acid production:

•

•

•
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2

Vagal stimulation: important for the cephalic stage of digestion, where seeing food
induces acid production and Cushing erosions. Trauma to the head can result in
stimulation of the vagal nucleus, resulting in gastric erosions. Patients in trauma
ICU’s are often put on prophylactic proton pump inhibitors, PPI’s, (e.g.
omeprazole).
Decrease in acid production by PPIs leads to an alkaline stomach pH that
stimulates the G cell. The resulting gastrin production does not increase acid
production, but it does lead to parietal cell hyperplasia. Over years, this
hyperplasia forms fundic gland polyps.
Pernicious anemia is a Type IV hypersensitivity disease of the parietal cell. This not
only causes pernicious anemia from Vitamin B12 deficiency, but also atrophic
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gastritis with loss of acid production. An acid pH helps with iron absorption (Fe+2 is
more easily absorbed) and these patients are prone to iron deficiency anemia.

Bilirubin metabolism
-

12

An understanding of bilirubin metabolism is necessary to differentiate the jaundice of
acute hepatitis from that of hemolysis.
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Bilirubin is the breakdown product of the heme ring after the RBC is phagocytized by the
splenic macrophage. It is not water soluble and so is carried in the blood on albumin.
In the hepatocyte, the bilirubin has transporter uptake, but is bidirectional.
Bilirubin is made water soluble by conjugation with glucuronide by uridine glucuronyl
transferase (UGT), also known as uridine diphosphate-glucuronyl transferase (UDPGT)
Bilirubin is excreted by transporters into the bile canaliculus. This is the rate limiting
step. Dysfunctional hepatocytes will keep conjugating bilirubin that cannot be excreted.
This conjugated bilirubin will reflux back out into the blood causing a mixed pattern
hyperbilirubinemia.
Conjugated bilirubin is water soluble and can be excreted in the urine, causing a foamy,
brown appearance.
Hemolysis:
• Increased bilirubin production saturates hepatocyte UGT conjugation. There is a
back up of unconjugated bilirubin that causes visible jaundice when greater than
2.5-3.0 mg/dL.
• There is increase in urobilinogen resorption from the gut into the blood. This is
water soluble and excreted into the urine. This is not grossly visible as it is
colorless to weak yellow in color. It can be detected by urine dipstick assay. The
increase in stercobilinogen, which causes normal stool to be brown, can not be
appreciated clinically, as it is brown on brown.
Acute Hepatitis:
• The dysfunctional hepatocyte loses excretion before conjugation. The increase in
intracellular conjugated bilirubin refluxes out into the blood. When the blood level
reaches 2.5-3.0 mg/dL, there is clinically apparent jaundice.
• Conjugated bilirubin is water soluble and can be excreted into the urine. It causes
the urine to be foamy and brown.
• There is decreased excretion of conjugated bilirubin into the bowel, leading to
chalky, pale stools due to the lack of stercobilinogen.
• The classic presentation of acute viral hepatitis is, “a flu-like illness, with jaundice,
acholic stools and choluria”. The Latin root “chol” means bile.

Acute
hemolysis
Acute
hepatitis

13

Eyes
(>3 g/dL)
Jaundiced

Stool

Urine

Brown

Yellow

Urine
urobilinogen
↑

Jaundiced

Pale, chalky

Brown, foamy

Normal
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Molecular basis of GI neoplasia (for more detail, see General Pathology, Neoplasia:
Carcinogenesis and the Hallmarks of Cancer)

- The molecular basis of neoplasm can be organized as:
• Growth and proliferation pathways (oncogenes and suppressor genes)
• Translocations
-

-
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• DNA repair defects
Metabolic pathways are not yet clinically significant enough to learn. One should know
the Warburg effect in which neoplasms preferentially use glycolysis even in the
presence of oxygen. This principle is used in staging with the PET scan.
The essential proliferation pathways are illustrated in the image. The highlights in the GI
system are numbered.
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Colorectal carcinoma (CRC) occurs through two major pathways.
• The adenoma-carcinoma sequence (60% of CRC neoplasms)
• This is called the chromosomal instability (CIN) pathway, starting with normal
epithelium and accumulating mutations, seen in the image. The mutations are
correlated with the figure above.

If familial (i.e. hereditary or germ line), then this is seen in Familial Adenomatous
Polyposis (FPS) syndrome. If acquired, then hypomethylation is seen in the early
adenoma stage.
• Microsatellite instability pathway (15-20%)
• This is a DNA repair defect disease with loss of mismatch repair proteins (MMR)
leading to the accumulation of mutations in microsatellite regions of DNA.
• Microsatellites are areas with sequences of nucleotide repetition.
• If familial (i.e. hereditary or germ line), then this is Lynch syndrome (aka hereditary
non-polyposis colon cancer, HNPCC). If acquired, then it is due to epigenetic
silencing of the repair protein genes.
NFκB and MALToma’s
• NFκB is the key regulatory protein of the inflammatory response and is frequently
mutated in MALToma’s and classical Hodgkins lymphoma. H. pylori modulates the
immune response when infecting the gastric mucosa by the release of Cag-A. This
may be a factor in MALToma’s of the stomach seen with infection.
TNF and tumor cachexia
• Wasting syndromes, called cachexia, are seen with advanced cancers. This can be
because of cytokines like TNF, that induce apoptosis. Also implicated is the
production of leptin-like substance that decrease appetite.
•

-

-

Natural History of Carcinomas (for more information, see General Pathology, Neoplasia:
Diagnosis and Natural History)

15
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Carcinomas go through a predictable progression s they accumulate mutations and
develop the capacity to invade and metastasize.
This is the basis of staging carcinomas in the TNM system.
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1
2a
2b

3

4

5

6

Lymph node group
1
Posterior cervical
2a & 2b Superficial (2a) and deep (2b) cervical
3
Virchow node
4
Axillary
5
Sister Mary Joseph nodule
6
External inguinal

17

Drainage
Scalp
Scalp, mouth, pharynx
Left head, thorax and lower body
Arm, outer 2/3 breast
Abdominal organs
External genitals, anus, leg
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GI tract, liver, gallbladder & pancreas
Structure and Regulation:
Do You Know It?
1. Name conditions in which these adjacent organs become involved:
Organ 1
Mouth
Nasopharynx
Oropharynx
Esophagus
Salivary glands
Diaphragm
Duodenum
Liver
Biliary tree
Ileum

Organ 2
Conditions
Nose
Eustachian tubes
Palatine tonsils
Trachea
Teeth
GE junction
Pancreas
Fallopian tubes
Pancreas
Anus

2. Describe the 2° lymphoid system in the GI tract
• Describe the M cell and its clinical significance

3. Describe the palpable lymph nodes and their drainage fields.
• What is Virchow’s node?

4. Draw a diagram showing the systemic – portal anastomoses in portal hypertension

5. Describe the artery affected by a peptic ulcer perforating
• The lesser curve of the stomach
• The first part of the duodenum

6. Describe the pathophysiology of the arterial system involved in

18
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•
•

Small bowel infraction
Ischemic colitis

7. Describe the epithelium of
• Esophagus
• Small bowel
• Large bowel

8. Describe the anatomy of the anus with respect to
• Carcinoma above versus below the pectinate line
• Internal versus external hemorrhoids
• Portal hypertension
• Anal fissures
• Fistulae in ano

9. Describe the regulation of stomach acid production

10. Fill in this table for a jaundiced patient:

Acute
hemolysis
Acute
hepatitis

Eyes
(>3 g/dL)

Stool

Urine

Urine
urobilinogen

11. Draw the 6 key pathways in the molecular pathways of neoplasia

12. Describe the natural history of a carcinoma.
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