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Pathology Sheet #4 

Lecture Date: 11/1/2021 

Lecture Title: Diseases of the Endocrine Pancreas  

Written by: Haya Abu-Rayyan 

Edited by: Tasneem AL-Bakri 

If you come by any mistake (whether it be spelling, grammatical or scientific) while browsing this 
sheet, kindly report it to the Academic Team Facebook account. 

 دعاء إىل روح زميلنا رشيد اهلواملة

ابحلسنات  ل  ثق   ر حسابه، ويس   كتابه، و  مي ن اللهم  
نه يف  أسك   راط أقدامه، و على الص   ميزانه، وثب ت

مصطفاك صلى هللا   و ات، يف جوار نبي ك أعلى اجلن  
رايض   اجعل قربه روضًة من  عليه وسلم، اللهم  

ش  بصره، وافر    قربه مد   افسح له يف  اجلن ة. اللهم  
. قربه من فراش اجلن ة   
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Diabetes Mellitus, Introduction 

• Hyperglycemia causes (1-3):  

1) Defects in insulin secretion due to destruction of β islets’ cells.  

2) Defects in insulin action. (despite the presence of insulin, the tissues are resistant to it). 

Initially the insulin level increases trying to keep the glucose in a normal level, but this 

secretory response of insulin becomes inadequate compared to the resistance and the failure 

of these tissues to respond normally to this hormone. Later, this also leads to destruction and 

failure of β-cells. 

3) Both (1 and 2). 

• Chronically, it will cause damage in multiple organ systems, especially the kidneys, eyes, nerves, 

and blood vessels. 

• In USA, diabetes is the leading cause of end-stage renal disease (patients who require kidney 

dialysis or transplantation), adult-onset blindness and nontraumatic lower extremity 

amputations (after excluding traumatic cause which is the most common one).  

• 8% of USA population. 

• Diabetes prevalence among adult Jordanians is near 34 per cent. 

• Impaired glucose tolerance, Impaired fasting glucose, or “prediabetes”    = elevated blood 

sugar that does not reach the criterion accepted for the diagnosis of diabetes…high risk to 

become diabetic (25% develop diabetes during 5 years).  

 

Diabetes Mellitus, Diagnosis Criteria  

 

 

 

A fasting plasma glucose ≥ 126 mg/dL

if 100-125: impaired fasting glucose

2-hour plasma glucose ≥ 200 mg/dL 
during an oral glucose tolerance test 
(OGTT) with a loading dose of 75 gm 

if 140-199: impaired glucose tolerance

A glycated hemoglobin (HbA1C) ≥ 6.5%

if 5.7-6.4: impaired glucose tolerance

A random plasma glucose ≥ 200 mg/dL 
(in a patient with classic hyperglycemic 
signs: polyuria, polydipsia,…). This test 
is checked once and that is enough to 

confirm the diagnosis. 

All tests, except the random blood glucose test in a patient with classic hyperglycemic signs, need to 

be repeated and confirmed on a separate day. 
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* A glycated hemoglobin is a form of hemoglobin that is chemically linked to a sugar. 

* The glycated hemoglobin test shows what the person’s average blood glucose level was for 2 to 3 

months before doing the test. "السكر التراكمي"   

* The value of this test isn’t varying that much from day to day, but it’s done twice to avoid getting 

lab. errors. 

* This note might be helpful for you: You will hear different numbers in biochemistry/physiology lectures. So, 

dr. Ali said that: “ I will not ask you in the exam about the level of the glycated hemoglobin, and if you have this 

question in the exam, its answer is from other subjects and not from pathology”. 

  

 

 

 

Diabetes Mellitus, Types 

- Insulin is an anabolic and 

storage hormone.  

- Stimulated by an increase in 

blood glucose level.  

- Its main role is to decrease 

the elevated blood glucose 

level. 

 

 

 

 

 

 

 

 

 

 

 

 

Acute stresses, such as severe infections, burns or trauma, can lead to transient hyperglycemia 

due to secretion of hormones like catecholamines and cortisol that oppose the action of insulin. 

…so, the diagnosis of diabetes requires persistence of hyperglycemia following resolution of the 

acute illness. 
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Type 1:  

✓ Autoimmune destruction of beta cells with resultant absolute insulin deficiency. 

✓ The most common type in those <20  years. 

✓ The terms “juvenile” (since it appears usually in childhood or in adolescence) and “insulin-

dependent” (since the main treatment of this type is taking insulin). These nomenclatures are no 

more used, and they are not precise because type 2 diabetes may affect children and those who are in 

younger ages due to their early obesity. Also, the treatment of type 2 diabetes in later stages may 

depend on insulin. 

Type 2: (the most common) 

→ Initially the insulin level increases as a compensatory mechanism trying to keep the glucose in a 

normal level “euglycemic state”, with time, this secretory response of insulin is inadequate compared 

to the resistance and the failure of tissues to respond normally to insulin. Later, this also leads to 

destruction of β-cells. 

→ Peripheral resistance to insulin action + inadequate secretory response by the pancreatic β cells 

(“relative insulin deficiency”). 

→ 90% to 95% of diabetic patients in general. 

→ The vast majority of such individuals are overweight (but it’s a multifactorial disease: obesity 

mainly + sedentary lifestyle + family history and genetic causes that differ from those of type 1). 

Diabetes Mellitus, Type 1 VS Type 2 
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Miscellaneous Notes about the previous table:  

 Linkages of type 1 diabetes to MHC (such as HLA), CTLA-4 and PTPN22 genes, indicate that this 

type is an autoimmune disease and there are tolerance abnormalities. 

 Linkages of type 2 diabetes to obesity-related genes. The vast majority of type 2 diabetes patients 

are obese, but once they have this type of diabetes, they will notice a decrease in their weight (but 

not to normal weight). 

___________________________________________________________________________________________________________ 

 In the vast majority of type 1 diabetes patients, there are circulating islet autoantibodies in blood 

(anti-insulin, anti-GAD and anti-ICA512), but their roles in pathogenesis are not clear yet. The cell-

mediated immunity (CD4 and CD8) is more important than antibody-mediated immunity in 

type 1 diabetes. 

___________________________________________________________________________________________________________ 

 Diabetic ketoacidosis may also occur in type 2 diabetes, but mainly it is associated with type 1 

diabetes. 

___________________________________________________________________________________________________________ 

 Type 1 diabetes pathogenesis: an autoimmune disease. 

 Type 2 diabetes pathogenesis: obesity leads to an increase in free fatty acids in the blood that get 

into the peripheral tissues where the insulin action takes place, in addition to the abnormal 

metabolism of glucose results in an increase in glucose level in these tissues, stimulating an 

inflammatory response that’s linked to the development of tissues’ resistance to insulin. 

____________________________________________________________________________________________________________ 

 Type 1 diabetes pathology (=morphology): cellular infiltrates (T-cells (CD4 mainly and CD8), 

macrophages (stimulated by cytokines), and lymphocytes) attacking the islets, a marked inflammation 

“insulitis” and β-cells destruction or depletion. 

 Type 2 diabetes pathology (=morphology): No insulitis (no inflammation and no cellular infiltrates 

attacking the islets), mild β-cells depletion and amyloid deposition in long standing cases. 
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DM Type 1, Pathogenesis 

❖ The classic manifestations of the disease (hyperglycemia and ketosis) occur late in its course, after 

more than 90% of the β cells have been destroyed. 

❖ TH1 cells (which may secrete cytokines, including IFN-γ (which activates macrophages) and TNF, 

that injure β cells), and CD8+ CTLs (which kill β cells directly). 

❖ The islet autoantigens that are the targets of immune attack may include insulin, the β cell enzyme 

glutamic acid decarboxylase (GAD), and islet cell autoantigen 512 (ICA512). 

❖ Autoantibodies against islet antigens are found in the vast majority of patients. It is not clear if the 

autoantibodies cause injury or are merely produced as a consequence of islet injury. (cause or result?) 

❖ Role of infection: unknown, ?causative (risk factor) 

?protective→ (Causative since it may trigger the 

development of autoimmune diseases, or protective 

according to the hygiene hypothesis: it decreases the risk of 

type 1 diabetes). 

 

 

DM Type 2, Pathogenesis…Not Autoimmune  

▪ Genetic basis is strongly implicated (a very complicated topic). 

▪ The most important environmental risk factor for type 2 diabetes is obesity, particularly central or 

visceral obesity (more than the risk of subcutaneous obesity). 

▪ A sedentary lifestyle (typified by lack of exercise) is another risk factor, independent of obesity. 

▪ Weight loss and exercise (lifestyle modifications) usually have additive effects on improving insulin 

sensitivity and are often the first nonpharmacological measures attempted in patients with milder 

type 2 diabetes. 

The hygiene hypothesis states that 

early childhood exposure to particular 

microorganisms protects against 

allergic diseases by contributing to the 

development of the immune system. 
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About the previous figure:  

▪ Central or visceral obesity has a higher risk to the development of type 2 diabetes, because the 

increased amount of fat or adipose tissues will lead to an increase in lipase activity which is more in 

the central fat. This enzyme causes fatty acid release to the blood then FFAs get into the peripheral 

tissues where insulin act on, resulting in their resistance to insulin. FFAs increase will affect 

metabolism and causes accumulation of toxic intermediates which in turn affect signal 

transduction from insulin. FFAs and glucose activate inflammasome in macrophages, islet cells and 

peripheral tissues causing IL-1 beta secretion that stimulates inflammation which affects tissue 

response to insulin (development of tissue resistance to insulin action). 

▪ Adipose tissue is also considered to be an endocrine tissue which synthesize adipokines (adipose 

cytokines) which are classified normally as: glucose-increasing or glucose-decreasing (by increasing 

tissues sensitivity to insulin). Here, glucose-decreasing adipokines are decreased (such as; 

adiponectin and leptin).  
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Some 2ry causes of DM 

 

Miscellaneous Notes about the previous table:  

 Hemochromatosis: iron deposition that occurs in the pancreas. 

 Fibrocalculous pancreatopathy: a secondary cause of DM with unknown etiology and considered to 

be rare but has historically been in India and Bangladesh. This disease causes destruction of the 

pancreas, inflammation, and fibrosis. 

___________________________________________________________________________________________________________ 

 Acromegaly: GH Glucose level. 

 Cushing syndrome: Cortisol Glucose level. 

 Hyperthyroidism: Insulin resistance of the tissues   Insulin action  Gluconeogenesis. 

 Pheochromocytoma (a benign tumor in the adrenal medulla): Catecholamines  Glucose level. 

 Glucagonoma (a benign tumor in the islets): the effect of glucagon is opposing that of insulin. 

____________________________________________________________________________________________________________ 

 Klinefelter Syndrome (XXY): characterized by tall stature, gonadal dysgenesis (hypogonadism) and 

elevated intra-abdominal fat deposition. 

 Prader-Willi syndrome: patients who have this syndrome suffer from severe obesity, and as a result, 

insulin resistance develops. 
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 Gestational DM: due to genetic causes and the effect of the human placental lactogen in raising the 

blood glucose level. The complications of this type are: macrosomia (excessive birth weight), risk for 

obesity & DM later in baby’s life and high risk of DM in the mother later. If the mother is 

pregestational (already diabetic before pregnancy): risk for stillbirth and congenital malformations. 

 

Monogenic Forms of Diabetes: a rare type of diabetes that’s caused by a single known 

gene mutation (they are neither type 1 nor type 2). 

 

Acanthosis Nigricans: pigmented velvety skin lesions on skin folds (on neck and armpit) 

accompanying any insulin resistance. 

      

Keep in mind that: this skin manifestation can also 

occur as “a paraneoplastic syndrome” that is most 

frequently in association with gastrointestinal 

malignancy (esp. in those who are thin and don’t 

have insulin resistance or in elderly people). 
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Diabetes Mellitus, Clinical Manifestations 

Polyuria, polydipsia, and polyphagia: the classic triad of diabetes. 

Weight loss and muscle weakness. 

 

Diabetes Mellitus, Acute Complications 

Diabetic ketoacidosis (DKA): mainly in type 1 (may be also type 2) 

 If insulin is not taken or in stresses that increase adrenaline such as infection:  glucose level 

(polyuria, polydipsia and particularly in patients who don’t drink adequate amount of water to 

compensate for urinary losses, so they become dehydrated) Free F.As in blood Ketone bodies 

formation in liver (acetoacetate, β-hydroxybutyrate and acetone) Ketone bodies level in blood. 

 Usually: 250-600 mg/dL. 

 Fatigue, nausea and vomiting, severe abdominal pain, a characteristic fruity odor (acetone), 

and deep, labored breathing (also known as Kussmaul breathing). 

 A type of metabolic acidosis which is accompanied by Kussmaul breathing, nausea and vomiting. 

 A serious condition requires emergency and has many blood and urine tests. If untreated, it causes 

coma. 

 

Hyperosmolar hyperosmotic syndrome (HHS): in type 2 

 Particularly in patients who do not drink enough water to compensate for urinary losses (polyurea) 

from chronic hyperglycemia, especially an elderly or stroke patient (dehydrated). 

 The absence of metabolic ketoacidosis and its symptoms (nausea, vomiting, Kussmaul breathing, 

fruity odor) delays the seeking of medical attention (no role for ketone bodies). 

 Usually: 600-1200 mg/dL (very high due to the absence of ketoacidosis symptoms which delays 

the seeking of medical attention). 

 

 

 

 

 

 

The most common acute metabolic complication in either type of diabetes is hypoglycemia!!! 

(Due to taking a higher insulin dose by mistake, poor nutrition, or strenuous exercise). 
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Diabetes Mellitus, Chronic Complications 

* Macrovascular complications (due to atherosclerosis caused by DM): 

- Cardiac ischemia (MI). 

- Brain ischemia (stroke). 

- Lower limb ischemia (= peripheral vascular disease): firstly, appears as cold and blue limbs then dry 

gangrene that may be exacerbated by wet gangrene (infections), which result in self-amputation.  

 

 

 

 

* Microvascular complications:  

- Retinopathy (detected by ophthalmoscope).  

- Nephropathy (esp. glomeruli and arterioles of the nephron). 

- Neuropathy (nerve pain and impaired sensation). 

Notes: 

Renal vascular insufficiency (macrovascular) is at the level of the renal artery, (atherosclerosis, and 

stenosis of the renal artery) differ from nephropathy (microvascular) which is at the level of glomeruli 

and arterioles of the nephron. 

CVA :stroke. 

 

Mechanisms of DM complications (1-4) 

 

1) Formation of advanced glycation end products (AGEs):  

➢ Derivatives from metabolism of accumulated intracellular glucose react with proteins and form 

AGEs. 

➢ AGEs bind to their receptors (RAGEs) on inflammatory cells, endothelial and vascular smooth 

muscle cells. 

It is recommended that HbA1C be maintained below 7% in diabetic patients. 
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➢ Binding of AGEs to their RAGEs leads to stimulation of: (A-B) 

A) Atherosclerosis (how?) by many underlying mechanisms: stimulating coagulation in the 

endothelium (hypercoagulability) + vascular smooth muscle proliferation+ reactive oxygen 

species release + extracellular matrix deposition. 

B) Secretion of TGF-beta and VEGF that lead to basement membrane changes in glomerulus 

(nephropathy or glomerulopathy) and retina (retinopathy). VEGF causes angiogenesis and leaky 

vessels in retina (retinal exudates and edema).  

→ Avastin (the brand name for the drug, bevacizumab) which is classified as anti-VEGF that is 

injected into the eye. 

 

2) Activation of protein kinase C: 

➢ Production of VEGF, TGF-β, and the procoagulant protein plasminogen activator inhibitor-1 

(PAI-1) by the vascular endothelium. (Remember that plasminogen activation leads to plasmin 

formation and its function in dissolving fibrin blood clots. Procoagulants promote coagulation). 

 

3) Enzymatic actions on glucose will lead to: 

➢ NADPH is needed for GSH (reduced glutathione) regeneration. GSH protects from reactive oxygen 

species and reduces oxidative stress. 

During glucose metabolism, consumption of NADPH…so: oxidative stress. 

➢ Sorbitol accumulation in the lens will cause cataract    .  

 

4) Hexosamine Pathways Activation and Generation of Fructose-6-Phosphate: 

➢ This results in more TGF-beta and more plasminogen activator inhibitor-1. 

 

 

 

 

You’ve finished studying about Diabetes Mellitus! 
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Pancreatic neuroendocrine tumors 

= PanNets or Islet cell tumors 

 

• Rare in comparison to exocrine pancreatic tumors. 

• They resemble their counterparts, carcinoid tumors, found elsewhere in the alimentary tract. 

• They may be single or multiple and benign or malignant. 

• Like other endocrine neoplasms, it is difficult to predict the behavior of a pancreatic endocrine 

neoplasm based on their light microscopic appearance. Unequivocal criteria for malignancy 

include metastases, vascular invasion, and local infiltration. 

 

• 90% of insulin producing tumors (insulinomas) are benign, while 60% to 90% of other 

functioning and nonfunctioning pancreatic endocrine neoplasms are malignant. Fortunately, 

insulinomas are the most common subtype of pancreatic endocrine neoplasms. 

• Common genetic abnormalities (in sporadic or familial cases): 

- MEN 1. 

- PTEN and TSC2 (tumor suppressor genes that normally inhibit mTOR signaling pathway 

(oncogenic pathway))…Inactivating mutations of PTEN and TSC2 increase mTOR signaling 

pathway. 

- Alpha-thalassemia/mental retardation syndrome, X-linked (ATRX)  

- Death-domain associated protein (DAXX)  

                                         

 

 

 

 

 

 

 

 

 

Inactivating mutations in one 

of them is present in almost 

50% of the cases. 
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Insulinoma 

Mostly functioning (insulin-secreting). However, the hypoglycemia is mild in most cases, and many 

cases never become clinically symptomatic. 

 

Gastrinoma (gastrin-secreting) and Zollinger-Ellison syndrome 

 They are as likely to arise in the pancreatic islets, the duodenum and peripancreatic soft tissues as 

in the pancreas (so-called gastrinoma triangle). 

 Gastrin function is to secrete hydrochloric acid (HCl). 

 Severe peptic ulceration in 90-95% of cases (Zollinger-Ellison syndrome)…multiple ulcers in 

stomach, duodenum, and uncommon locations such as jejunum, resistant to therapy. 

 More than 50% of the patients have diarrhea; in 30%, it is the presenting symptom. 

 More than half of gastrin-producing tumors are locally invasive or have already metastasized at 

the time of diagnosis. 

 

Others 

 α-cell tumors (glucagonomas)…secondary DM, necrolytic migratory erythema (skin lesion 

associated with glucagonomas) & anemia. 

 δ-cell tumors (somatostatinomas). 

 VIPoma overproduces vasoactive intestinal peptide and characterized by watery diarrhea, 

hypokalemia, achlorhydria → WDHA syndrome, Pancreatic Cholera syndrome or Verner-Morrison 

syndrome). 

 

 

 

 

                                                                  Best of Luck 




