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Malignant transformation

• Steps to malignant transformation: 

• Activation of RAS

• Inactivation of RB

• Inactivation of p53

• Inactivation of PP2A, a tumor suppressive 

phosphatase that is a negative regulator of many 

signaling pathways

• Constitutive expression of telomerase.



Colon cancer evolution

• Adenoma sequence

• APC gene (loss of 5q) encodes tumor suppressor 
gene that inhibits WNT function. 

• Leads to hyperproliferation of colonic mucosal 
epithelium.

• KRAS activation (12p12) leads to dysplastic 
transformation

• SMAD4 lost on 18q21 (DCC, DPC4 genes).

• Loss of p53 (17p13) leads to adenocarcinoma

• Serrated adenoma sequence

• Critical step is loss of 8q  (hMLH1, hMSH2 genes) 

• With DNA hypermethylation, leads to adenoma 
formation







Mis-match repair carcinogenesis
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Juvenile polyposis









Progression to cancer
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Breast Cancer

• Estrogen receptor positive (ER+) and progesterone 

positive (PR+) cancers are the most common 

subtype of breast cancer. Their proliferative index 

(Ki67) is low. They are HER2-. These are called 

luminal A subtype.

• Luminal B subtype are ER+, PR+ cancers with a 

high Ki67 proliferative index. They are HER2-.

• HER2+/ER- ,PR- subtype and  triple-negative

HER2−/ER- ,PR-subtype are known to be more 

aggressive and have poorer outcomes

• These molecular subtypes also correlate with a risk 

of local and regional recurrence and survival after 
distant metastasis.



Dai, X, Bai, Z, Yang, Y, Liu, X, Zhan, J, Shi, B, “Breast cancer intrinsic subtype classification, 

clinical use and future trends.” Am J Cancer Res 2015; 5(10): 2929-2943.
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Breast Cancer

• HER2-/ER+,PR+ disease is less aggressive disease

• The three subgroups:

• HER2+/ER+,PR-; HER2+/ER-, PR-; or 

HER2−/ER-,PR- subgroups comprise 26% of the 

patients with stage I–III breast cancer

• But comprise 40% of patients with metastatic 

breast cancer.  

• The highest frequency of bone metastatic disease is 

seen in the HER2−/ER+, PR+ patients

• ER− subtypes exhibit more metastases to the brain 

as a single site



Breast cancer 

• SRC activation associated with bone metastases.

• Osteolytic because of the activation of osteoclasts

in the metastatic site. 

• Tumor cells secrete parathyroid hormone-related 

protein (PTHRP)

• Stimulates osteoblasts to make RANK ligand

(RANKL). 

• RANKL then activates osteoclasts, which 

degrade the bone matrix and release growth factors 

embedded within it, such as IGF and TGF-β



Breast Cancer

• HER2+ (over-expression of the growth factor 

receptor) increases the growth of metastatic breast 

tumor cells in the brain 

• Active Wnt/β-catenin signaling has also been found 

to exert some effect on HER2−/ER− tumors that 

metastasize to the brain

• Liver only metastasis is most frequent in 

HER2+/ER−, PR- patients

• CXCR4, a chemokine receptor enhanced by 
HER2 activation, promotes the invasion of the liver



Breast Cancer

• Lung only metastasis is most common in triple 

negative breast cancer patients. 

• The focal adhesion signaling cascade, which is 

down-regulated in these patients is an important 

modulator of lung-specific relapse..

• All subtypes have better outcomes if the primary 
tumor can be extirpated surgically.



Breast cancer 

• Drugs that inhibit CYP2D6 are associated with 

increased cancer recurrence risk.

• Progesterone receptor activation is associated with 

resistance to microtubule agents.

• 30% have gain of function mutations of PI3K/AKT

• BRCA mutation in 25% of cancers

• Occur at younger ages

• BRCA 1 at 17q21 Breast and ovarian cancer 

• BRCA 2 at 13q12-13  Breast, pancreas and 

prostate cancer, melanoma



Gong, Y. et al. Impact of molecular subtypes on metastatic breast cancer patients: a SEER population-based 

study. Sci. Rep. 7, 45411; doi: 10.1038/srep45411 (2017).
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Normal cervix

Colpophotograph

of the cervix 

showing active 

transformation 

zone. The 

squamocolumnar

junction, or 

"transformation 

zone" of the 

cervix, changes 

continually during 

a woman's 

reproductive life.

Fig. 24-7  Accessed 08/01/2010



35

Carcinoma of the 

cervix begins at 

the endocervical

junction.



The routine Pap smear

• Screen throughout active sexual life

• False negative rate is up to 20% and largely 

represents error sampling of cervix.

• Risk factors for cervical cancer include:

• First intercourse earlier than 18 years of age

• More than six sexual partners

• Oral contraceptive use for more than 10 years

• Screen no more frequently than every 2-3 years if 

significant dysplasia is not found.



The routine Pap smear

• A negative liquid based Pap smear every 2 years 

until the age of 30 may then yield to less frequent 

screening (every 3 years) with concomitant  HPV 

testing in patients at risk for HPV infection, not 

simply with condylomata.

• Terminate screening at age 70 or following 

hysterectomy if not performed for cancer. 



The routine Pap smear

• History of genital warts is not an indication for HPV 

testing as the HPV strains are not associated with 

cervical cancer.  

• Screen only if dysplasia found.

• Partner with penile cancer or whose previous 

partner has had cervical cancer

• Cis-gender sexual activity transmits HPV

• Chlamydia screens are only for those less than 24 

years of age or pregnant and at high risk



Pap smear

• Atypical squamous cells of uncertain significance 

[ASUS] may represent HPV infection if no other 

abnormality present. HPV determination is 

indicated.

• Absence of cells from transformation zone may 

reflect inadequate scraping of endocervical canal.

• Presence of endometrial cells in the Pap smear of a 

woman older than 40 not on hormone therapy 

requires further investigation.



Pap smear



Pap smear
Cytologic changes 

associated with 

cervical 

intraepithelial 

neoplasia (CIN), 

including CIN1 

with koilocytotic

feature of HPV 

infection A. x600 

magnification, 

CIN2 B. x1000 

magnification, and 

CIN3 C. x1000 

magnification.
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Pap smear



https://hackteria.org/wiki/images/thumb/0/0e/CIN-4.jpg/447px-CIN-4.jpg

Accessed 05/05/2020
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Grading
A. Colpophotograph

illustrating a low-grade 

cervical intraepithelial 

neoplasia (CIN) in the 

transformation zone. B, 

C, and D. 

Histopathology of 

cervical intraepithelial 

neoplasia (CIN I, II, and 

III respectively) (H&E 

stain; x400 

magnification).  

Fig. 24-4  Accessed 08/01/2010 



Cervical cancer
• The rate of progression from mild to moderate 

dysplasia is 1%/year, and can be followed on 

Pap smear. 

• However, progression from moderate to severe 

dysplasia, the risk is 16% within 2 years and 

25% within 5 years.  

• Severe dysplasia if untreated leads to cancer in 

12% of patients over a  period of 20 years.

• Presents with abnormal vaginal bleeding (often 

postcoital). May complain of dyspareunia.



Mild dysplasia

CIN-I

Moderate 

dysplasia

CIN-II

Severe dysplasia 

or carcinoma in 

situ

CIN-III

Invasive

Atypical 

squamous cells 

of undetermined 

significance 

(ASC-US)

Low-grade 

squamous

intraepithelial 

lesion (LGSIL or 

LSIL)

Atypical squamous

cells – cannot 

exclude HSIL 

(ASC-H) 

High grade 

squamous

intraepithelial lesion 

(HGSIL or HSIL)

Squamous

cell 

carcinoma

Occupies lower 

third of mucosal 

thickness

Occupies at 

least 50% of 

mucosal

thickness

Occupies entire 

mucosal thickness; 

basement 

membrane intact

Invades 

basement 

membrane

Bethesda grading system



Atypical 

Glandular Cells 

not otherwise 

specified (AGC-

NOS)

Atypical 

Glandular Cells, 

suspicious for 

AIS or cancer 

(AGC-

neoplastic)

Adenocarcinom

a in situ (AIS)

Bethesda grading system

• The absence of endocervical cells on the Pap smear 

should be noted as it likely indicates the specimen was 

not taken from the endocervical junction.

• The presence of endometrial cells apart from the 

menstrual period is an abnormality that warrants 

further examination.

• The cervical pap smear is not a screen for 

endometrial cancer. 





Fig. 28-1  

Accessed 

08/01/2010





In the 15- to 34-

year age group, 

testicular germ cell 

tumors constitute 

the most common 

tumor of men

prepubertal



Histology of bronchial epithelium

(A) Normal two-layered epithelium; (B) squamous metaplasia; (C) mild 

dysplasia; (D) moderate dysplasia; (E) severe dysplasia; (F) carcinoma in 

situ.     http://homepage.smc.edu/wissmann_paul/physiology/dysplasia.htm Accessed 12/10/2019

http://homepage.smc.edu/wissmann_paul/physiology/dysplasia.htm


https://www.nejm.org/doi/10.1056/NEJMoa1616288 Accessed 05/05/2020

https://www.nejm.org/doi/10.1056/NEJMoa1616288


Figure 3

Pattern of frequently altered genes 

in Lung and Head and Neck 

squamous cell carcinoma 

subdivided according to their 

biologic function. A: Cell Survival; B: 

Squamous Cell Differentiation; C. 

Chromatin Transcription Gene 

Expression; D: Cell Cycle Control; 

E: Mitogenesis, RAS Signaling. 

https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC6116004/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6116004/figure/cancers-10-00248-f003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6116004/






Immunoglobulin switching

• Early B and T cells both express a pair of gene 

products, RAG1 and RAG2, that carry out V(D)J 

segment recombination, permitting the assembly of 

functional antigen receptor genes. 

• In addition, after encountering antigen mature B cells 

express a specialized enzyme called antigen-

induced cytosine deaminase (AID), which catalyzes 

both immunoglobulin gene class switch 

recombination and somatic hypermutation. 

• Errors during antigen receptor gene assembly and 

diversification are responsible for many of the 

mutations that cause lymphoid neoplasms.



Esophageal adenocarcinoma

• The more common genetic and epigenetic 

(methylation) alteration is the inactivation of 

CDKN2A on chromosome 9p.

• Patients with LOH in TP53 are 16 times more likely 

to progress to adenocarcinoma

• Predominantly G:C to A:T transitions at CpG 

dinucleotides

• These changes are seen both in Barrett’s as well as 

in adenocarcinoma of the cardia



Esophageal squamous carcinoma

• Loss of function early change in squamous cancer.

• Transversion G:C to T:A occurred preferentially at 

known sites of adduct formation on DNA.





Gastric adenocarcinoma

• There is a strong correlation between the expression 
of p53, BAX, and C-MYC, as well as with 
histological grade

• There is a reverse correlation between histological 
type and p53 expression

• Deregulation of p53 may result in uncontrolled 
proliferation in gastric cancer. 

• p53 levels are elevated as it has a longer half-life 
than wt p53

• Epigenetic changes important in development 
(methylation)





Some syndromes

• Hereditary nonpolyposis colon cancer (HNPCC) 

syndrome

• Autosomal dominant 

• Carcinomas of the colon affecting predominantly 

the cecum and proximal colon.

• It results from failure of DNA mismatch repair.

• When a strand of DNA is being replicated, these 

proteins act as “spell checkers.”  One of the 

hallmarks of patients with mismatch-repair defects 

is microsatellite instability. 

• Microsatellites are tandem repeats of one to six 

nucleotides found throughout the genome.



Some syndromes

• In normal people the length of these microsatellites 

remains constant. 

• In people with HNPCC, these satellites are 

unstable and increase or decrease in length in 

tumor cells, creating alleles not found in normal cells 

of the same patient.

• Germline mutations in the MSH2 and MLH1 genes 

each account for approximately 30% of cases. The 

remaining cases have mutations in other mismatch 

repair genes. 

• 2% to 4% of all colonic cancers 



Some syndromes

• Microsatellite instability can be detected in about 

15% of sporadic colon cancers.

• The cancer genes that are mutated  encode TGF-

β receptor II as well as the TCF component of the β-

catenin pathway



Some syndromes

• Li Fraumeni

• 20% occur “de novo” 

• Median age of first cancer:  29, women; 40, men

• 25 times more likely to develop cancer before age 

50 than is the general population

• Nearly all will develop cancer by age 70

• Breast cancer is the first presentation in women

• Often HER2/neu overexpressed



Some syndromes

• Germline mutation of TP53 at 17p13

• Associated with high incidence of post radiation 

sarcoma 

• Highest risk if many TP53 mutations

• Myelodysplasia syndrome and acute myeloid 

leukemia

• Sarcomas, brain tumors, and carcinomas of the 

adrenal cortex as other commonly found neoplasms. 



Some syndromes
• Familial adenomatous polyposis

• Germline mutation at 5q21 (APC)

• Loss-of-function 

• Autosomal dominant

• Loss of second allele leads to adenoma formation.  

• May have hundreds of colonic polyps by early teens.  
Progress to malignancy.

• Familial gastric adenocarcinoma

• Germline mutation at 16q22.1 (CDH1)

• E-cadherin

• Loss of function



Some syndromes

• Neurofibramotosis type 1

• Café-au-lait skin lesions

• Peripheral nerve sheath tumors

• May progress to malignancy

• 17q11 NF1 

• Neurofibromin contains a GTPase domain that 

blocks RAS signaling



• Neurofibromatosis 1

• Characterized by:

• Neurofibromas of peripheral nerve

• Gliomas of the optic nerve

• Pigmented nodules of the iris (Lisch nodules)

• Cutaneous hyperpigmented macules (café au lait 

spots).

• NF1 mutation at 17q11

• Neurofibromin contains a GTPase domain that

blocks RAS signaling.

• May progress to malignancy

Some syndromes



Some syndromes

• Neurofibromatosis type 2

• Bilateral acoustic schwannomas

• 22q12.2     NF2 

• Neurofibromin 2 (merlin) resembles red cell 

cytoskeletal protein 4.1 (ERM family)

• Do not establish stable cell-cell junctions



Some syndromes

• Wilm’s Tumor

• Most common kidney tumor in children

• Two-third found before age 5

• 5-10% are bilateral

• Also may occur at other sites in the genitourinary tract

• up to 50% may recur

• 11p13 WTI 

• Genomic imprinting of IGF2, H19 genes at 11p15.5. 

Usually paternal copy is methylated. H19 is a non-

coding gene.

• Transcriptional activator of genes involved in renal 

and gonadal differentiation; regulates mesenchymal-

to-epithelial transition that occurs in development



Some syndromes

• Von Hippel Lindau

• Hereditary renal cell cancers, pheochromocytomas, 

hemangioblastomas of the central nervous system, 

retinal angiomas, and renal cysts.

• 3p25  VHL

• The VHL protein is a component of a ubiquitin ligase

• A critical substrate for the VHL ubiquitin ligase is the 

transcription factor HIF1α (hypoxia-inducible 

transcription factor 1α). 

• In the presence of oxygen, HIF1α is hydroxylated

and binds to VHL, leading to its ubiquitination and 

degradation. 



Some syndromes

• In hypoxic environments the hydroxylation reaction 

does not occur, and HIF1α escapes recognition by 

VHL. 

• As a result HIF1α accumulates in the nuclei of 

hypoxic cells and turns on many target genes:

• VEGF, PDGF, GLUT1 as examples 

• Loss-of-function mutations in VHL also prevent the 

ubiquitination and degradation of HIF1α, even under 

normoxic conditions



Some syndromes

• Peutz-Jeghers syndrome

• Hamartomatous polyps predominate in small bowel 

but may also be found in colon and stomach.

• Mucosal pigmentation of buccal mucosa, lips.

• Germline mutation of the gene STK11 (LKB1) at 

19p.13.3 

• The gene encodes a protein with 

serine/threonine kinase activity that regulates cell 

polarization and growth. 

• Autosomal dominant.

• 50% increased risk for colorectal, breast, 

gynecologic cancers



Some syndromes

• Xeroderma Pigmentosum. 

• At increased risk for the development of cancers of 
the skin particularly following exposure to the UV 
light contained in sun rays.

• UV radiation causes cross-linking of pyrimidine 
residues, preventing normal DNA replication.

• POLH at 6p21.1 DNA polymerase-ε repairs same 
but is error-prone

• Such DNA damage is repaired by the nucleotide 
excision repair system. 

• XPC at 3p25.1 initiates process

• ERCC at 19.13.32 acts as helicase in process



Some syndromes

• Fanconi anemia

• Bone marrow failure

• Hypopigmentation or café-au-lait spots

• Malformed thumbs or forearms as well as short 

stature

• Multiple organ abnormalities

• Small eyes

• Deformed ears and Hearing loss



Some syndromes

• 80-90%  due to mutations in one of three genes, 

FANCA (at 16q24.3), FANCC (at 9q22.32), and 

FANCG (at 9p13.3). 

• There are 15 genes involved in the FA core 

complex

• The FA core complex repairs inter-strand cross 

links (ICLs)

• Risk for acute myeloid leukemia  



Some syndromes

• BRIP1 at 17q23.2 

• DNA-dependent ATPase and 5' to 3' DNA 

helicase required for the maintenance of 

chromosomal stability. 

• Acts late in the Fanconi anemia pathway, after 

FANCD2 ubiquitination. 

• Involved in the repair of DNA double-strand breaks 

by homologous recombination in a manner that 

depends on its association with BRCA1.



Some syndromes

• Cowden syndrome

• Hamartomatous polyps in skin, oral as well as  nasal 

mucosa, intestinal mucosa

• Macrocephaly

• Trichilemmoma.

• Males may have pigmented macules on the glans 

penis.

• Autosomal dominant.

• Increased risk of breast, endometrial, thyroid 

cancers

• Loss of function mutations in PTEN gene at 

10p23.21 (inhibitor of P13K/AKT signaling pathway) 



Some syndromes
• Retinoblastoma

• Most common ocular tumor in children.

• 70%  sporadic 

• Loss of light reflex; “red” eye

• Neuronal origin

• Primitive embryonal tumor characterized by small 

cells with large nuclei.

• Flexner-Wintersteiner pseudo-rosettes identified 

about vessel.

• 13q14 (Rb) germline mutation essential for 

development of tumor.

• Germline mutation  associated with bilateral 

disease as well as pinealoblastoma.



Some syndromes

• Ataxia-telangiectasia 

• This disorder is characterized by progressive 

difficulty with coordinating movements (ataxia) 

beginning before age 5. 

• Later develop difficulty walking, chorea, myoclonus, 

oculomotor apraxia (inability to move eyes side to 

side)

• Multiple telangiectases (clusters of enlarged 

vessels) on skin and in the eyes

• High risk of lung infection as well as development of 

leukemia and lymphoma



Some syndromes

• Autosomal recessive

• Female carriers have increased risk of breast 

cancer 

• ATM gene at 11q22

• Recognizes broken DNA strands



Some syndromes

• Familial melanoma

• 20% of melanoma

• All  nevi have BRAF mutations

• Mutations in CDKN2A and ARF at 9p21

• Inhibit CDK4

• Mutations in CDK4 at 12q13

• BRCA 2 mutations at 13q12-13 also associated with 

increased risk of pancreatic adenocarcinoma



• Cell free DNA may detect clonal hematopoiesis (VAF 

<25%) but may also reflect underlying mutation.  

• Not necessarily tumor related.  

• Low level VAF in gene survey (TP53, ATM) probably 

clonal hematopoiesis.















Paraneoplastic syndromes

• Cushing syndrome is the most common 

endocrinopathy. 

• Truncal obesity

• Facial plethora

• Proximal muscle weakness

• Hypokalemia

• It is caused by excessive production of corticotropin

or corticotropinlike peptides. 



Paraneoplastic syndromes

• The precursor of corticotropin is a large molecule 

known as pro-opiomelanocortin. 

• Lung cancer patients with Cushing syndrome have 

elevated serum levels of both pro-opiomelanocortin

and corticotropin. 

• The former is not found in serum of patients with 

excess corticotropin produced by the pituitary.



Paraneoplastic syndromes

• Syndrome of inappropriate ADH secretion

• Often presents with confusion and delirium

• Na+ <125 mEq/L

• UOsm <275 mOsm/kg

• UNa+ >40 mEq/L

• Fractional Na+ excretion >1%



Paraneoplastic syndromes

• Hypercalcemia of malignancy

• Parathyroid hormone-related protein (PTHRP), is a 

molecule that resembles PTH only in its N terminus.

• It has some biologic actions similar to those of PTH

• Both hormones share a G protein–coupled receptor, 

known as PTH/PTHRP receptor. 

• PTHRP regulates calcium transport in the lactating 

breast and across the placenta, and modulates 

pulmonary development and remodeling. 



Paraneoplastic syndromes

• In contrast to PTH, PTHRP is produced in small 

amounts by many normal tissues, including 

keratinocytes, muscles, bone, and ovary. 

• Tumors most often associated with paraneoplastic

hypercalcemia are carcinomas of the breast, lung, 

kidney, and ovary.

• Remember that the chief cause of hypercalcemia is 

excessive ingestion of Vitamin D and/or calcium.

• A serum Calcium level >12.0mg/dL may be life 

threatening. May respond to saline diuresis.



Paraneoplastic syndromes

• Cancer cachexia is associated with: 

• Equal loss of both fat and lean muscle

• Elevated basal metabolic rate

• Evidence of systemic inflammation. 

• Proteolysis inducing factor produced by tumor.



doi: 10.1111/j.1468-

1331.2010.03220.x

Accessed 02/20/2020

https://dx.doi.org/10.1111/j.1468-1331.2010.03220.x


Paraneoplastic syndromes

• Lambert-Eaton syndrome

• Proximal muscle weakness

• Orthostatic change

• Diplopia but no ptosis (distinguish from 
myasthenia gravis)

• Improves during the day  (distinguish from 
myasthenia gravis)

• Due to antibodies to presynaptic voltage gated 
(P/Q) calcium channel  



Paraneoplastic syndromes

• Subacute cerebellar degeneration

• Presents with dizziness, nausea, and vomiting

• Ataxia

• Dysarthria

• Vertigo 

• Diplopia

• Antibody to Purkinje cell

• May coincide with Lambert-Eaton syndrome

• Also seen in thiamine deficiency

• Optic neuritis

• Anti-CV2 antibody (to oligodendroglia)



Paraneoplastic syndromes

• Limbic encephalitis

• Short-term memory defects

• Seizures

• Psychiatric disturbances

• Anti-Hu antibody

• May also be seen with germ cell tumor of testis 
(anti-Ma2) or ovarian teratoma (anti-NDAR)

• Indistinguishable from Herpes simplex or HSV-6 
encephalitis

• (There are non-neoplastic variants associated 
with antibody to voltage gated potassium channels)



Acanthosis nigricans

• Develops gradually during childhood or puberty.

• Hyperplastic and hyperpigmented papules  with “velvet” 

texture 

• Flexor surfaces as well as  posterior neck, axilla, groin.

• May be autosomal dominant.

• FGFR3 mutation

• Usually associated with insulin resistant diabetes

• IGFR1 activates same signalling pathways

• May see with pituitary or pineal tumors

• If arise in middle age, may be harbinger of GI cancer.



Acanthosis nigricans

Fig. e-10  Accessed 07/16/2010



Hypertrophic osteoarthropathy

• Characterized by periosteal new bone formation, 

primarily at the distal ends of long bones, 

metatarsals, metacarpals, and proximal phalanges;

• Arthritis of the adjacent joints

• Nail changes associated with periostitis (on x-ray) 

are commonly associated with squamous carcinoma 

of the lung (in up to 5%) but may be seen in 

mesothelioma and liver cancer.

• Clubbing without periostitis is seen in cyanotic heart 

disease.



Hypertrophic osteoarthropathy

https://www.mdedge.com/ccjm/article/1343

82/imaging/hypertrophic-osteoarthropathy-

uncommon-presentation-lung-cancer Fig. 

1  Accessed 12/10/2019

Digital clubbing. 

Loss of normal nail 

angle.

https://www.mdedge.com/ccjm/article/134382/imaging/hypertrophic-osteoarthropathy-uncommon-presentation-lung-cancer


Paraneoplastic syndromes

• 10% of patients with pancreatic adenocarcinoma

may have migratory thrombophlebitis (Trousseau 

syndrome)

• Patients at risk for venous thromboembolism:

• Stomach cancer (very high risk)

• Lung cancer

• Lymphoma

• GYN cancer

• Bladder cancer

• Testicular cancer

• Stratify with Khorana score



Management of 

cancer‐associated 

disseminated 

intravascular 

coagulation: 

guidance from the 

SSC of the ISTH

JTH 2015;13 (4) 

671-675

https://doi.org/10.11

11/jth.12838

Accessed 

05/05/2020

https://doi.org/10.1111/jth.12838


Paraneoplastic syndromes

• ITSH recommends against the routine use of 

tranexamic acid and recombinant FVIIa in 

patients with cancer‐related DIC. 

• If therapy‐resistant bleeding dominates the 

picture in hyperfibrinolytic DIC, tranexamic acid 

may be considered.



Paraneoplastic syndromes

• Non-thrombotic bacterial 

(marantic) endocarditis

• Sterile verrucous vegetations (thrombus cap)

• No inflammatory infiltrate in tissue

• Procoagulant effect of circulating mucin from 

mucinous adenocarcinomas. 

• Rarely embolize.

• Similar lesions are seen in antiphospholipid 

syndrome. 

• Procoagulant effect.



Non-thrombotic bacterial (Marantic) 

endocarditis

Schoen, and FJ, Mitchell, RN, “Heart”, in Kumar, V, Abbas, AK, Aster, JC (eds.), 

Robbins and Cotran Pathologic Basis of Disease, 9th edition. 2015. Elsevier. 

Philadelphia. Fig. 12-26B.



Non-thrombotic bacterial (Marantic) 

endocarditis

Schoen, and FJ, Mitchell, RN, “Heart”, in Kumar, V, Abbas, AK, Aster, JC (eds.), Robbins and Cotran 

Pathologic Basis of Disease, 9th edition. 2015. Elsevier. Philadelphia. Fig. 12-26A.



Detection methods in tissue

• Detection, quantification, and characterization of 

tumors cells circulating in the blood has 

prognostic importance.

• Flow cytometry identifies cellular antigens 

expressed in leukemias and lymphoma.

• Immunohistochemistry to identify organ of origin.

• FISH to identify translocations



Detection methods in tissue

• PCR-based evaluation of rearranged T-cell receptor 

or immunoglobulin genes allows distinction between 

monoclonal (neoplastic) and polyclonal (reactive) 

proliferations.

• PCR amplification of nucleic acid sequences to 

establish/exclude presence of malignant disease 

• DNA microarrays



Immunohistochemistry



Cell  surface markers

CELL MARKER

Macrophage CD14 (pattern associated molecular patterns)

CD 40, CD33

CCR5 (HIV binding)

MHC II B7 (binds CD28 on antigen presenting cell)

Fc, C3b

B cells CD19, CD20

CD21 (EBV binding)

MHCII B& (binds CD28 on antigen presenting cell)

T cells CD4, CD8

TCR (binds with MHC-antigen complex)

CD3 (signals with TCR)

CD28 (binds B7 on antigen presenting cell)

CXCR4, CXCR5 (HIV binding)

Helper cells are CD4+

Regulatory cells are CD4+ and CD25+

Cytotoxic T cells are CD8+ MHC I

CXCR4, CXCR5 (HIV binding)

NK cells CD56

CD16 (binds Fc of IgG)

Dendritic cell (antigen processing cell) CD11, CD40, CD 123



Cell  surface markers

CELL MARKER

Hematopoietic stem cells CD34

Granulocyte CD66

Erythrocyte CD235

Platelet CD41, CD61, CD62

Endothelial cell CD146

Epithelial cell CD326

PECAM adhesion molecule CD31

Lymphocyte function associated antigen (LFA-3)

TNF Receptor

CD58

CD40




