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* substancesvhich can berelated to the presence
or progressof a malignancy

e antigens expressed on the tumor cells surfaces -
cellular tumor markers

o different substancesfound in the blood or other body fluids)
produced by the tumor cells(Tu-associated m.pr by an
organism (induced m.)in the presence of tumor -
humoral tumor markers

* Theideal marker should be both ﬂoecificfor a given
glpe and localization of cancerand sensitiveenoughto
etectsmall tumors for early diagnosisor during
screening



UTILIZATION OF TUMOR MARKERS

 Screening calcitonin in families with MEN syndrome,
AFP in patients with liver cirrhosisPSAIn men >50 years

* Dg and diff. dg In symptomatic individuals

e Clinical stagin%of cancer, is aided by quantitation of

the marker, 1. e. the serum level of the marker refleats th

number of cancer cells present in the body
* Monitoring of the disease and estimation of tumor value

* Prognosticindicator of disease progression and patient
survival

» Detectionof cancerrecurrence permits early
treatment or a change Iin therapy

* Monitoring of responsedo therapy




CLASSIFICATION OF TUMOR
MARKERS

» According to chemicalstructure
» According to visceral specificity

» According to function



Chemical structure

glyroproteins
glyrolipids
peptides
iImunoglobulins
polyarnines
caroonydrates



Visceral specificity

> nign:  calcitonin - medullary carcinoma of the thyroid
PSA.- prostate cancer
NSE - small cell lung cancer
hCG - germ-cell tumors
AFP - hepatocellular and germ-cell carcinoma
> moclerate  CA 199 - pancreatic cancer
CA 125- ovarian cancer
CA 153 - breast cancer
> low: CEA
TPA



Function

oncofetal antigens
oncoplacental antigens
enzymes

norrnones



Oncofetal antigens

substances produced during fetal life

present in high concentrations in the sera of
fetuses, decrease to low levels or disappear after
the birth

reappear in patients with cancer

Their production demonstrates that certain genes
are reactivated as a result of the malignant
transformation of the cell.

examples AFP, CEA,CAs CYFRA 211, SCC,
MCA, MSA, TATI



Oncoplacentalantigens

e produced by the trophoblastic cellsof the
placenta inboth pregnancyand pathological
conditions and alsoby germinative tumors as a
mark of malignant dedifferentiation

* 7 levelsshow evidencef 1 malignancyand
metastatic potency of the giventumor

e exampleshCgG, SR1



-lorrnones

The production of hormones in cancer involves two
separate routes:

. the endocrine tissue that normally produces the givembne can
produce iteeXcess amounts

. ectopic syndrome hormone produced by a distant nonendocrine
tissue that normally does not produce this hormone

for instance ACTH normally produced by thpituitary gland
ectopicaly produced by tHang small cells

elevation of a hormone Is not speckKicit may be produced
by a variety of cancers

examplesACTH, ADH, PTH, calcitonin, STH, prolactin



Enzymes

present in much higher concentrations inside cells

released into circulation as the result of tumor necrosis
or a change in the membrane permeabillity of the
cancer cells—

elevated enzyme levels may signal the presence of
malignancy but usually ameot specificenough to identify
a cancer type or organ involvement

examplesNSE, TK, ALP, PSA, LD



Serurn proteins

produced either by tumor cellsor by an organism
In the presenceof tumor

non-specific
monitoring

examples;B,-microglobulin, ferritin , paraprotein
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 cellular markers used in hormone-producing
tumors

 examples:estrogenand progesteronaeceptors



Oftner turnor marrers

 tissues- produced substanceswhich we cannot
classwith the previously mentionedgroups

« examplesTPA, TPS,CgA S100B



AFP (al —fetoprotein)

glycoprotein synthesized in large quantities by the feta
yolk sac and liver

one of the major proteins in the fetal circulation

In adults AFP /S1: pregnancy
liver diseases

marker for hepatocellularand germ-cell carcinoma
cut off value< 13.0 IU/ml



CEA (carcinoembryonicantigen)

family of related oncofetal cell-surface glykoproteins
nonspecific

. liver cirrhosis, pulmonary emphysema, benign
breast cysts dlsease ulcerative colitis, rectal polyps
lung, ovarial and breast carcinoma

marker for colorectal, pancreatic, gastric and bile
ducts Ca

cut off value < 4,6 ng/ml



Carbohydratemarkers
(CA - carbohydrateantigen)

high-molecular-weight mucins or blood group antigens onhe
tumor cell surface or secreted by the tumor cells

CA 153

marker in monitoring of therapy and diseaseprogressionin
metastatichbreastcancer

cut off value £ 28 |U/ml

CA 125

marker for ovarian and endometrial carcinomas

cut off value £ 35 IU/ml

CA 199

marker for pancreatic and colorectal carcinoma

cut off value € 37 IU/ml

CA 724

marker for carcinomasof stomach pancreasand ovary
cut off value< 5 IU/ml



SCC équamouscell carcinomaantigen)

glycoprotein Ig receptor physiologically present in
squamous epithelium cells

1. pregnhancy
lung dis., hepatic and renal failure

marker for pulmonary (NSCLC), orofacial, genital,
and endometrial carcinoma

cut off value< 1,5 g/l



CYFRA 211 (cytokeratinfragment)

cytokeratin fragment presentin lung, uterine and GIT
cells Marker of degradation of malign tissuesand
necrosis

T. cirrhosis, asthma, respiratory infections, renal
failure

marker for cervical and pulmonary (NSLC) carcinoma

cut off value < 3,3 g/l



MCA (mucinouscarcinomaantigen),
MSA (mammarserumantigen)

* 1. breastCa

TATI (tumor associatedrypsin inhibitor)

e 1. GIT Ca and ovarian mucinous
cystadenoCa



hCG (human chorionic gonadotropir)

glycoprotein secreted by the syncytiotrophoblasticells
of placenta

consists of two subunitsa-subunit (common to several
other hormones, e. g. FSH, LH or TSH)

B-subunit (unique to hCG)

pregnant women
hydatidiform mole

marker for tumors of placenta ¢rophoblastic tumors,
particularly choriocarcinoma), and germ-cell tumors of
the testisand ovary

cut off value< 2.00 IU/Imales < 9.00 |U/Ifemales



SP-1 (Schwangerschaftsprotejn
B-specificpregnancyglycoproteir)

e mixture of glycoproteinsproduced by the
trophoblastic cells of placenta

* 1. pregnant women
chorioCa, germinative Tu



PSA (rostatespecificantigen)

glykoprotein protease(237 AA, Mr = 33 000) produced
exlusively by theepitelial cellsof the prostate gland
secretedinto seminalfluid. In serum, it occursasfree
fPSA and chymotrypsin or a,-macroglobulin bonded

7. benign prostatic hyperplasia BPH, prostate
Infammation, urological manlpulatlons

marker for screenin?(men > 50y, urinating difficulties),
dg and monitoring of courseand treatment of prostate
cancer

cut off value< 4,0/l



Derived parameters

tPSAD (tPSA density)adjustment of BPH and PCa;15
tPSATZ (tPSAtransition zoneratio)

PSAV (PSAvelocity): healthy 0,04pg/lly, BPH 0,07%0,27
ug/lly, PCaz2 0,75ugllly

agespecifictPSAlevels normalt 0,04 pg/lly;cut off 40-49 y
2,50r 1,5ug/, 50-59 y 3,50r 2,5u0d/l, 60-69 y 4,5ud/l, 70-79y 6,5
or 7,.5ug/l

index fPSAItPSA: | in CaP than BPHcut off < 20%)

tPSADT (tPSAdoubling time): adjustment of local reccurence x
metastasis (shorter time) after radical prostatectomy



NSE (neuronspecificenolase

enolase - enzyme of glycolysi(@-phosphoglycerate»
phosphoenolpyruvaje

NSE - form of enolase found in neuronal and
neuroendocrine tissues

7. lung and liver dis., renal failure

marker for small-cell lung cancer(SCLC),
pheochromocytoma neuroblastoma medullary
carcinomaof the thyroid , melanoma and pancreatic
endocrinetumors

cut off value < 15 g/l



TK (thymidinekinase

enzymeof DNA synthesis(thymidine— thymidine
monophosphate)

1. psoriasis, sarcoidosis, kolagenosis, rheumatic djs.
pernicious and megaloblastic anemia

lung, breast, prostate, testicular or colorectal Ca

marker for hematologicmalignanciesmonitoring

cut off value< 5 U/



LD (lactatedehydrogenase

enzymeof glycolysis(lactate— pyruvate)
non-specific

T heart failure, lung and liver dis. etc. (isoenzymes)
hematologicaland other malignances

1 1zoenzymelLDs in liver metastases

marker for acuteleukemia, non-hodgkin lymphoma,
testikular Ca and Ewing Samonitoring

ref. values: & 3,3- 7,5pkat/l, @ 3,3- 6,3 pkat/l



ALP (alkaline phosphataspe

Zn4* glycoprotein, in alkaline environment (pH= 8-10)it
catalysesthe hydrolysis of H;PO, monoestersand
transphosphorylation

boneisoenzyme

1: osteoSabonemetastases
other bone affections; growth

liver isoenzyme

liver metastases
other liver diseases

Reganisoenzyme(placental alike)
1. GIT and lung tumors

ref.values: adults 0,5-2,4 pkat/l, 1 month - 15years
1,0-4,8 pkat/l, newborns0,6-5,3 pkat/|



Cathepsins

lyzosomal proteinases, participate in connective
tissue and cell membranes degradation- facilitate
the tumor progression and origination of metastases

cathepsinB 1 in breast, ovarial, colorectal, stomach
and laryngeaCa

cathepsinH 1 in breast lung, head and nedga,
mainly in tumor progression and occurence of
metastases

cathepsinD 1 in adenoCamammae



Prolactin

peptide (198 AA) anterior pituitary hormone that
stimulatesand maintains the secretionof milk . It's
secretion Is stimulated by TRH and inhibited by
dopamine.

1. prostatic and breast cancer
marker for prolactinoma

ref. valuesmales80—-390mliU/l
females70-520miU/I



ACTH (adrenocorticotropichormone)

anterior pituitary hormone that stimulatesthe
secretionof glucocortikoid hormones It's secretion is
stimulated by corticotropin-releasing hormone of
hypothalamus

1. ectopic formation: SCLC, Ca of pancreas, breast,
GIT

marker for pituitary tumors

cut off value < 46.0ng/!



ADH (antidiuretic hormone,vasopressij

peptide (9 AA) hormone synthesized in the supraoptic
nucleiof the hypothalamusand transported via the
hypophyseal tract to the posterior pituitary. It's bmgland
stimulation ofinsertionof aquaporinemto distaland
collectingtubulesmembranemcreasesthe water
reabsorption — 1 blood pressureand | excretion of
urine

7. pneumonia, porfyria

@ Gly
marker for SCLC, adenocarcinomaof the lung s

hormone

ref. value 2 - 8 ng/l



PTH (parathyroidhormone)

peptide (84 AA) hormone of the parathyroid glands It's
release is stimulated by €4P |. PTH activates
osteoclasts} Ca* renal resorption an¢l Ca* intestinal
absorption via stimulation of calcitriol renal productie»
T Catt /P.

1. secondary and primary hyperparathyroidism

marker for parathyroideal tumors

ref. values10-65ng/l, 1.6—6.9pmol/|



Calcitonin

polypeptide (32 AA) produced by the C cells of the
thyroid
normally secreted in response tgd Ca** /P

Inhibits the release of calcium from bone (inhibition
of osteoclasts)

marker for medullary carcinomaof the thyroid

cut off value £ 19 ng/



Ferritin

Fe3* storageprotein

1. Iron overload

acute hepatitis and liver cells necrosis,
Inflammations (positive acute phase protein)

marker for Hodgkin lymphoma and melanoma
monitoring

ref. valuesmales48 - 708 pmol/l, females20 - 640pmol/l



B,-microglobulin

part of the classl HLA, physiologically produced by
B-lymphocytesand plasmocyteshelpsTc function

1. Inflammations, chronic renal and liver dis.
after chemo- and radiotherapy

marker for MM dg, CLL therapy

ref. valuel—-2.3 mg/l



K, A light chains(paraproteins
BenceJonesproteing

the first describedtumor markers produced by
neoplasticplasmacellsin monoclonalgammopathies

They are small enough (22 kD) to pass through the kidney
Into the urine— prerenal ,, over-flow*“ proteinuria.

1: monoclonal gammopathy of uncertain significance
(isolated finding of a Bence Jones protein without aicél
symptomatology)

Waldenstrom macroglobulinemia, lymphomas and
leukemias, osteogenic sarcoma, bone metastases

marker for multiple myeloma

ref. values FLC (free light chaing)/S: k = 3.3-19.4 mg/I\ = 5.7-

26.3 mg/l, index/A = 0.26-1.65polyclonal FLC/U = 1-10 mg/24h;
K/U = 1.25-5.5 mg/IN/U = 0.51-3.2 mg/l, index/A = 0.82-3.0



TPA (tissuepolypeptide antigeh

non-specific cytokeratins fragments produced by both
normal and tumor cells

1 levels seen in increased cell proliferation- its
estimation is useful fomonitoring of the disease

liver dis., DM, rheumatoid dis.
breastand GIT tumors

TPA/ U - marker for urinary bladder carcinoma

cut off value £ 85 U/



CgA (chromograninA)

glycoprotein of the secretoryvesiculesof the
neuroendocrinecells Precursor to severalfunctional
peptidesincluding vasostatin, pancreastatin, catestatin and
parastatinRegulatesthe storageand/or secretionof
hormonesand peptidesinside the cell.

1. renal and hepatal dis., corticosteroids therapy
neuroendocrinetumors

marker for carcinoid, pheochromocytoma SCLC, MEN
|, neuroendocrinetumors of GIT, particularly pancreas
children’s neuroblastomas

ref. value< 35 U/



S-1008B

Ca?*- binding protein of nervoussystemglial cells
and melanomacells. Participates on signal
transmission, enzyme activity regulation and
homeostasis» stimulatesneuronal growth and 1
their survival.

T brain injury
Down and Alzheimer dis.
malignant melanoma

marker for malignant melanomamonitoring

ref. value < 0,105pg/|



Naw oonermearkers In goneametasiases|c
ancd monitoring

(S

P1NP (Nterminal propeptideof type | collager):
monitoring of boneformation, highly specificfor osteoblastic
metastasedormation. Is released into IC environment during
collagen synthesis, than into the bloedassesment /S.

b-CTX (B-Cross Laps)bone resorption marker, monitoring
of antiresorption therapy

ref. value< 0,704pg/|

ICTP (c-telopeptideof type | collager): marker of bone
resorption mediatedby MMP9 (matrix metaloproteinase 9),
activated in pathological conditions (physiological bone resorption
IS mediated by cathepsin KReplacedby b-CTX.
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r perspeciliveprognosiic and
oredictive marrers

(D

MMP-7 (matrilysin): metaloproteinaseparticipating in EC matrix
degradation, tumor invasion and progression usedin breastCa

SMR (mesomark solublemesothelirrelatedprotein): marker for
mesothelioma(no marker before now)

Heparanase cleavageof heparanesulphate 1 metastaticpotencial
of tumor, | surgical survival; for examplein pancreatic Ca.

RECAF (AFP receptor):allowstransport of moleculesinto the
fetal and malignant cells Detectablein the tissuesof breast,
ovarian, lung, stomach prostate, and cervical Ca, lymphoma,
melanomaetc.

hK (human kallikreins): Ser proteasesof hormone-dependent
tissues usedin prostate and ovarian Ca; hK3 = PSA



