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•• substancessubstanceswhichwhich cancan bebe relatedrelated to to thethe presence presence 
oror progressprogressofof a a malignancymalignancy

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

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

•• TheThe idealideal markermarker shouldshould bebe bothboth specificspecific for a for a givengiven
type type andand localizationlocalization ofof cancercancerandand sensitive sensitive enoughenoughto to 
detectdetectsmallsmall tumorstumors for for earlyearly diagnosisdiagnosisoror duringduring
screeningscreening..



UTILIZATION OF TUMOR MARKERSUTILIZATION OF TUMOR MARKERS

•• ScreeningScreening:: calcitonincalcitonin in families with MEN syndrome, 
AFPAFP in patients with liver cirrhosis, PSAPSA in men >50 years

•• Dg Dg andand diff.diff. dgdg in symptomatic individuals

•• ClinicalClinical stagingstagingofof cancercancer, is aided by quantitation of
the marker, i. e. the serum level of the marker reflects the
number of cancer cells present in the body

•• MonitoringMonitoring of the disease and estimation of tumor value

•• PrognosticPrognostic indicatorindicator of disease progression and patient
survival

•• DetectionDetectionofof cancercancer recurrencerecurrence, permits early
treatment or a change in therapy

•• Monitoring Monitoring ofof responsesresponsesto to therapytherapy



CLASSIFICATION OF TUMOR CLASSIFICATION OF TUMOR 
MARKERSMARKERS

•• AccordingAccording to to chemicalchemicalstructurestructure

•• AccordingAccording to to visceralvisceral specificityspecificity

•• AccordingAccording to to functionfunction



ChemicalChemical structurestructure

•• glykoproteinsglykoproteins

•• glykolipidsglykolipids

•• peptidespeptides

•• imunoglobulinsimunoglobulins

•• polyaminespolyamines

•• carbohydratescarbohydrates



VisceralVisceral specificityspecificity

•• highhigh:: calcitonincalcitonin - medullary carcinoma of the thyroid
PSAPSA- prostate cancer
NSENSE - small cell lung cancer
hCGhCG - germ-cell tumors
AFPAFP - hepatocellular and germ-cell carcinoma

•• moderatemoderate:: CA 19CA 19--99 - pancreatic cancer
CA 125CA 125- ovarian cancer
CA 15CA 15--33 - breast cancer

•• lowlow:: CEACEA
TPATPA



FunctionFunction

•• oncofetal antigensoncofetal antigens

•• oncoplacental antigensoncoplacental antigens

•• enzymesenzymes

•• hormoneshormones

•• serumserum proteinsproteins

•• receptorsreceptors

•• othersothers



OncofetalOncofetal antigensantigens

• 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, AFP, CEA, CAsCAs, CYFRA 21, CYFRA 21--1, SCC, 1, SCC, 
MCA, MSA, TATIMCA, MSA, TATI



OncoplacentalOncoplacentalantigensantigens

•• producedproduced by by thethe trophoblastictrophoblastic cellscellsofof thethe
placenta in placenta in bothboth pregnancypregnancyandand pathologicalpathological
conditionsconditions andand alsoalsoby by germinativegerminative tumorstumors as a as a 
markmark ofof malignantmalignant dedifferentiationdedifferentiation

•• ↑↑ levelslevelsshow evidence show evidence ofof ↑↑ malignancymalignancy andand
metastaticmetastaticpotencypotencyofof thethe givengiven tumortumor

• examples:hCGhCG, SP, SP--11



HormonesHormones

• The production of hormones in cancer involves two 
separate routes:

1. the endocrine tissue that normally produces the given hormone can
produce itsexcess amounts

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

• for instance: ACTHACTH normally produced by thepituitary gland
ectopicaly produced by thelung small cells

• elevation of a hormone is not specific← it may be produced
by a variety of cancers

• examples:ACTH, ADH, PTH, ACTH, ADH, PTH, calcitonincalcitonin, STH, , STH, prolactinprolactin



EnzymesEnzymes

• present in much higher concentrations inside cells 

• released into circulation as the result of tumor necrosis
or a change in the membrane permeability of the
cancer cells →

• elevated enzyme levels may signal the presence of
malignancy but usually are not specificenough to identify
a cancer type or organ involvement

• examples:NSE, TK, ALP, PSA, LDNSE, TK, ALP, PSA, LD



SerumSerum proteinsproteins

•• producedproduced eithereither by tumor by tumor cellscellsoror by by anan organismorganism
in in thethe presence presence ofof tumortumor

•• nonnon--specificspecific

•• monitoringmonitoring

• examples:ββ22--microglobulinmicroglobulin, , ferritinferritin , , paraproteinparaprotein



ReceptorsReceptors

• cellular markers used in hormone-producing
tumors

• examples: estrogen estrogen andand progesteroneprogesteronereceptorsreceptors



OtherOther tumor tumor markersmarkers

•• tissuestissues-- producedproduced substancessubstances, , whichwhich wewe cannotcannot
classclasswithwith thethe previouslypreviously mentionedmentionedgroupsgroups

• examples: TPA, TPS, TPA, TPS, CgACgA, S, S--100B100B



AFP (AFP (αααααααα1 1 –– fetoproteinfetoprotein))

• glycoprotein synthesized in large quantities by the fetal
yolk sac and liver

• one of the major proteins in the fetal circulation

• in adults AFP /S ↑: pregnancy
liver diseases

• marker for hepatocellularhepatocellular andand germgerm--cell cell carcinomacarcinoma

•• cutcut offoff valuevalue < 13.0 IU/ml< 13.0 IU/ml



CEA (CEA (carcinoembryoniccarcinoembryonicantigen)antigen)

• family of related oncofetal cell-surface glykoproteins
• nonspecific

• ↑: liver cirrhosis, pulmonary emphysema, benign
breast cysts disease, ulcerative colitis, rectal polyps

lunglung, , ovarialovarial andand breastbreast carcinomacarcinoma

• marker for colorectalcolorectal, , pancreaticpancreatic, , gastricgastric andand bilebile
ductsducts CaCa

•• cutcut offoff valuevalue < 4,6 < 4,6 ngng/ml/ml



CarbohydrateCarbohydratemarkersmarkers
(CA (CA -- carbohydratecarbohydrateantigen)antigen)

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

•• CA 15CA 15--33
• marker in monitoring monitoring ofof therapytherapy andand diseasediseaseprogressionprogressionin in 

metastaticmetastaticbreastbreast cancercancer
•• cutcut offoff valuevalue ≤≤ 28 IU/ml28 IU/ml
•• CA  125CA  125
• marker for ovarianovarian andand endometrialendometrial carcinomascarcinomas
•• cutcut offoff valuevalue ≤≤ 35 IU/ml35 IU/ml
•• CA 19CA 19--99
• marker for pancreaticpancreatic andand colorectalcolorectal carcinomacarcinoma
•• cutcut offoff valuevalue ≤≤ 37 IU/ml37 IU/ml
•• CA 72CA 72--44
• marker for carcinomascarcinomasofof stomachstomach, , pancreaspancreasandand ovaryovary
•• cutcut offoff valuevalue ≤≤ 5 IU/ml5 IU/ml



SCC (SCC (squamoussquamouscell cell carcinomacarcinomaantigen)antigen)

• glycoprotein Ig receptor physiologically present in 
squamous epithelium cells

• ↑: pregnancy
lung dis., hepatic and renal failure

• marker for pulmonarypulmonary (NSCLC), (NSCLC), orofacialorofacial, , genitalgenital, , 
andand endometrialendometrial carcinomacarcinoma

•• cutcut offoff valuevalue ≤≤ 1,5 1,5 µµµµµµµµg/lg/l



CYFRA 21CYFRA 21--1 (1 (cytokeratincytokeratinfragment)fragment)

•• cytokeratincytokeratin fragment fragment presentpresent in in lunglung, , uterineuterine andand GIT GIT 
cellscells. . MarkerMarker ofof degradationdegradation ofof malignmalign tissuestissuesandand
necrosisnecrosis. . 

• ↑: cirrhosis, asthma, respiratory infections, renal
failure

• marker for cervicalcervical andand pulmonarypulmonary (NSLC) (NSLC) carcinomacarcinoma

•• cutcut offoff valuevalue ≤≤ 3,3 3,3 µµµµµµµµg/lg/l



MCA (MCA (mucinousmucinouscarcinomacarcinomaantigen), antigen), 
MSA (MSA (mammarmammarserumserumantigen)antigen)

•• ↑↑:: breastbreast CaCa

TATI (tumor TATI (tumor associatedassociatedtrypsin inhibitor)trypsin inhibitor)

•• ↑↑: : GIT Ca GIT Ca andand ovarianovarian mucinousmucinous
cystadenoCacystadenoCa



hCGhCG ((humanhuman chorionicchorionic gonadotropingonadotropin))

• glycoprotein secreted by the syncytiotrophoblastic cells 
of placenta

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

ββββ-subunit (unique to hCG)

• ↑: pregnant women
hydatidiform mole

• marker for tumorstumors ofof placenta (placenta (trophoblastictrophoblastic tumorstumors, , 
particularlyparticularly choriocarcinomachoriocarcinoma), ), andand germgerm--cell cell tumorstumors ofof
thethe testistestisandand ovaryovary

•• cutcut offoff valuevalue < 2.00 IU/l < 2.00 IU/l malesmales, < 9.00 IU/l , < 9.00 IU/l femalesfemales



SPSP--1 (1 (SchwangerschaftsproteinSchwangerschaftsprotein; ; 
ββββββββ11--specificspecificpregnancypregnancyglycoproteinglycoprotein))

•• mixturemixture ofof glycoproteinsglycoproteinsproducedproduced by by the
trophoblastic cells of placenta

•• ↑↑: : pregnant women
chorioCachorioCa, , germinativegerminative TuTu



PSA (PSA (prostateprostate--specificspecificantigen)antigen)

• glykoprotein proteaseprotease(237 AA, (237 AA, MrMr = 33 000) = 33 000) produced
exlusively by theepitelialepitelial cellscellsofof thethe prostate gland, , 
secretedsecretedintointo seminalseminal fluid. In fluid. In serumserum, , itit occursoccursas as freefree
fPSAfPSA andand chymotrypsinchymotrypsin oror αααααααα22--macroglobulinmacroglobulin bondedbonded. . 

• ↑: benign prostatic hyperplasia BPH, prostate
infammation, urological manipulations

• marker for screeningscreening(men > 50y, urinating difficulties),
dg dg andand monitoring monitoring ofof coursecourseandand treatmenttreatment ofof prostateprostate
cancercancer

•• cutcut offoff valuevalue << 4,0 4,0 µgµg/l/l



Derived parameters

•• tPSADtPSAD(tPSA density):(tPSA density):adjustment of BPH and PCa: 0,150,15

•• tPSAtPSA--TZ (TZ (tPSAtPSA//transitiontransition zonezoneratioratio))

•• PSAV (PSAV (tPSAtPSAvelocityvelocity):): healthyhealthy 0,04 0,04 µgµg/l/y, BPH 0,07/l/y, BPH 0,07--0,27 0,27 
µgµg/l/y, /l/y, PCaPCa ≥≥ 0,75 0,75 µg/l/yµg/l/y

•• ageagespecificspecifictPSAtPSAlevelslevels:: normal↑ 0,04 µg/l/y;cutcut offoff 4040--49 y 49 y 
2,5 2,5 oror 1,5 1,5 µgµg/l, 50/l, 50--59 y 3,5 59 y 3,5 oror 2,5 2,5 µgµg/l, 60/l, 60--69 y 4,569 y 4,5µgµg/l, 70/l, 70--79 y 6,5 79 y 6,5 
oror 7,5 7,5 µgµg/l/l

•• index index fPSAfPSA//tPSAtPSA:: ↓ in CaP than BPH ((cutcut offoff << 20%)20%)

•• tPSADTtPSADT((tPSAtPSAdoublingdoubling timetime)):: adjustment of local reccurence x 
metastasis (shorter time) after radical prostatectomy



NSE (neuronNSE (neuron--specificspecificenolaseenolase))

• enolase - enzyme of glycolysis(2(2--phosphoglyceratephosphoglycerate→→
phosphoenolpyruvatephosphoenolpyruvate))

• NSE - form of enolase found in neuronal and
neuroendocrine tissues

• ↑: lung and liver dis., renal failure

• marker for smallsmall--cell cell lunglung cancercancer (SCLC), (SCLC), 
pheochromocytomapheochromocytoma, , neuroblastomaneuroblastoma, , medullarymedullary
carcinomacarcinoma ofof thethe thyroidthyroid , , melanomamelanoma, , andand pancreaticpancreatic
endocrineendocrinetumorstumors

•• cutcut offoff valuevalue < 15 < 15 µµµµµµµµg/lg/l



TK (TK (thymidinethymidinekinasekinase))

•• enzyme enzyme ofof DNA DNA synthesissynthesis(thymidine→ thymidine
monophosphate)

• ↑: psoriasis, sarcoidosis, kolagenosis, rheumatic dis., 
pernicious and megaloblastic anemia

lung, breast, prostate, testicular or colorectal Ca

•• markermarker for for hematologichematologicmalignanciesmalignanciesmonitoringmonitoring

•• cutcut offoff valuevalue << 5 IU/l5 IU/l



LD (LD (lactatelactatedehydrogenasedehydrogenase))

•• enzyme enzyme ofof glycolysisglycolysis(lactate↔ pyruvate)
•• nonnon--specificspecific

• ↑: heart failure, lung and liver dis. etc. (isoenzymes)
hematologicalhematologicalandand otherother malignancesmalignances
↑↑ izoenzymeizoenzymeLDLD 55 in in liverliver metastasesmetastases

• marker for acuteacute leukemialeukemia, , nonnon--hodgkinhodgkin lymphomalymphoma, , 
testikulartestikular Ca Ca andand EwingEwing SaSamonitoringmonitoring

•• refref. . valuesvalues: : ♂♂ 3,3 3,3 -- 7,5 7,5 µµµµµµµµkatkat/l, /l, ♀♀ 3,3 3,3 -- 6,3 6,3 µµµµµµµµkatkat/l/l



ALP (ALP (alkalinealkaline phosphatasephosphatase))
•• ZnZn2+2+ glycoproteinglycoprotein, in , in alkalinealkaline environmentenvironment ((pHpH= 8= 8--10) 10) itit

catalysescatalyses thethe hydrolysishydrolysis ofof HH33POPO44 monoestersmonoestersandand
transphosphorylationtransphosphorylation

•• bone bone isoenzymeisoenzyme
•• ↑↑:: osteoSaosteoSa, , bonebonemetastasesmetastases

other bone affections; growth
•• liverliver isoenzymeisoenzyme
•• ↑↑:: liver metastasesliver metastases

other liver diseases
•• ReganReganisoenzymeisoenzyme((placentalplacental alikealike))
•• ↑↑: : GIT GIT andand lunglung tumorstumors

•• refref..valuesvalues: : adultsadults 0,50,5--2,4 2,4 µµµµµµµµkatkat/l, 1 /l, 1 monthmonth -- 15 15 yearsyears
1,01,0--4,8 4,8 µµµµµµµµkatkat/l, /l, newbornsnewborns0,60,6--5,3 5,3 µµµµµµµµkatkat/l/l



CathepsinsCathepsins

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

•• cathepsincathepsinB  B  ↑↑ inin breastbreast, , ovarial, colorectal, stomach
and laryngealCaCa

•• cathepsincathepsinHH ↑↑ inin breastbreast, , lung, head and neckCaCa, 
mainly in tumor progression and occurence of
metastases

•• cathepsincathepsinD  D  ↑↑ inin adenoCaadenoCamammaemammae



ProlactinProlactin

•• peptidpeptidee (198 AA) anterioranterior pituitarypituitary hormone hormone thatthat
stimulatesstimulatesandand maintainsmaintains thethe secretionsecretionofof milkmilk . . It`s 
secretion is stimulated by TRH and inhibited by
dopamine.

• ↑: prostatic and breast cancer

• marker for prolactinomaprolactinoma

•• refref. . valuesvaluesmalesmales80 80 –– 390 390 mIUmIU /l/l
femalesfemales70 70 –– 520 520 mIUmIU /l/l



ACTH (ACTH (adrenocorticotropicadrenocorticotropichormone)hormone)

•• anterioranterior pituitarypituitary hormone hormone thatthat stimulatesstimulates thethe
secretionsecretionofof glucocortikoidglucocortikoid hormoneshormones. . It`s secretion is
stimulated by corticotropin-releasing hormone of
hypothalamushypothalamus. . 

• ↑: ectopic formation: SCLC, Ca of pancreas, breast, 
GIT

•• markermarker for for pituitarypituitary tumorstumors

•• cutcut offoff valuevalue < 46.0 < 46.0 ngng/l/l



ADH (ADH (antidiureticantidiuretic hormone, hormone, vasopressinvasopressin))

•• peptide peptide (9 AA) hormone hormone synthesized in the supraoptic
nucleiofof thethe hypothalamushypothalamusand transported via the
hypophyseal tract to the posterior pituitary. It`s binding and
stimulation ofinsertioninsertionofof aquaporinesaquaporinesintointo distaldistalandand
collectingcollectingtubulestubulesmembranesmembranesincreasesincreasesthethe waterwater
reabsorptionreabsorption→→ ↑↑ bloodblood pressurepressureandand ↓↓ excretionexcretion ofof
urineurine

• ↑: pneumonia, porfyria

•• markermarker forfor SCLC, SCLC, adenocarcinomaadenocarcinomaofof thethe lunglung

•• refref. . valuevalue 2 2 -- 8 8 ngng/l/l



PTH (PTH (parathyroidparathyroidhormone)hormone)

•• peptide peptide (84 AA) hormone hormone ofof thethe parathyroidparathyroid glandsglands. . It`s 
release is stimulated by Ca++ /P ↓. PTH PTH activates
osteoclasts, ↑ Ca++ renal resorption and↑ Ca++ intestinal
absorption via stimulation of calcitriol renal production→
↑↑ CaCa++++ /P./P.

• ↑: secondary and primary hyperparathyroidism

•• markermarker for for parathyroidealparathyroideal tumorstumors

•• refref. . valuesvalues10 10 –– 65 65 ngng/l, /l, 1.6 1.6 –– 6.9 6.9 pmolpmol/l/l



CalcitoninCalcitonin

• polypeptide (32 AA) produced by the C cells of the 
thyroid

• normally secreted in response to ↑ Ca++ /P
• inhibits the release of calcium from bone (inhibition

of osteoclasts)

• marker for medullarymedullary carcinomacarcinoma ofof thethe thyroidthyroid

•• cutcut offoff valuevalue ≤≤ 19 19 ngng/l/l



FerritinFerritin

•• FeFe3+ 3+ storagestorageproteinprotein

•• ↑↑:: iron overload
acute hepatitis and liver cells necrosis, 
inflammations (positive acute phase protein)

•• markermarker for for HodgkinHodgkin lymphomalymphoma andand melanomamelanoma
monitoringmonitoring

•• refref. . valuesvaluesmalesmales48 48 -- 708 708 pmolpmol/l, /l, femalesfemales20 20 -- 640 640 pmolpmol/l/l



ββ22--microglobulinmicroglobulin

•• part part ofof thethe classclass1 HLA, 1 HLA, physiologicallyphysiologically producedproduced by by 
BB--lymphocyteslymphocytesandand plasmocytesplasmocytes, , helpshelpsTTCC functionfunction

• ↑: inflammations, chronic renal and liver dis.
after chemo- and radiotherapy

•• markermarker for for MM dg, CLL MM dg, CLL therapytherapy

•• refref. . valuevalue 1 1 –– 2.3 mg/l2.3 mg/l



κκκκκκκκ, λ , λ , λ , λ , λ , λ , λ , λ lightlight chainschains((paraproteinsparaproteins,              ,              
Bence Bence JonesJonesproteinsproteins))

•• thethe firstfirst describeddescribedtumor tumor markersmarkers producedproduced by by 
neoplasticneoplasticplasma plasma cellscells in in monoclonalmonoclonalgammopathiesgammopathies..
They are small enough (22 kD) to pass through the kidney
into the urine→ prerenalprerenal „„ overover--flowflow““ proteinuriaproteinuria ..

• ↑: monoclonal gammopathy of uncertain significance
(isolated finding of a Bence Jones protein without a clinical
symptomatology) 
Waldenström macroglobulinemia, lymphomas and
leukemias, osteogenic sarcoma, bone metastases

•• markermarker for for multiplemultiple myelomamyeloma

•• refref. . valuesvalues: FLC: FLC ((freefree lightlight chainschains)/S: )/S: κ = 3.3-19.4 mg/l, λ = 5.7-
26.3 mg/l, index κ/λ = 0.26-1.65;polyclonalpolyclonal FLC/U = 1FLC/U = 1--10 mg/24h; 10 mg/24h; 
κ/U = 1.25-5.5 mg/l, λ/U = 0.51-3.2 mg/l, index κ/λ = 0.82-3.0



TPA (TPA (tissuetissuepolypeptide antigenpolypeptide antigen)

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

• ↑ levels seen in increased cell proliferation→ its
estimation is useful formonitoring of the disease

• ↑: liver dis., DM, rheumatoid dis. 
breastbreast andand GIT GIT tumorstumors

•• TPA/ U - marker for urinaryurinary bladderbladder carcinomacarcinoma

•• cutcut offoff valuevalue ≤≤ 85 U/l85 U/l



CgACgA ((chromograninchromograninA)A)

•• glycoproteinglycoprotein ofof thethe secretorysecretoryvesiculesvesiculesofof thethe
neuroendocrineneuroendocrinecellscells. . PrecursorPrecursor to to severalseveralfunctionalfunctional
peptidespeptidesincluding vasostatin, pancreastatin, catestatin and
parastatin. RegulatesRegulatesthethe storagestorageandand//oror secretionsecretionofof
hormoneshormonesandand peptidespeptidesinsideinside thethe cell.cell.

• ↑: renal and hepatal dis., corticosteroids therapy
neuroendocrineneuroendocrinetumorstumors

•• markermarker for for carcinoidcarcinoid, , pheochromocytomapheochromocytoma, SCLC, MEN , SCLC, MEN 
I, I, neuroendocrineneuroendocrinetumorstumors ofof GIT, GIT, particularlyparticularly pancreaspancreas, , 
childrenchildren’’ s s neuroblastomasneuroblastomas

•• refref. . valuevalue << 35 U/l35 U/l



SS--100B100B

•• CaCa2+2+-- bindingbinding protein protein ofof nervousnervoussystemsystemglialglial cellscells
andand melanomamelanomacellscells. . Participates on signal
transmission, enzyme activity regulation and
homeostasis→ stimulatesstimulatesneuronalneuronal growthgrowth andand ↑↑
theirtheir survivalsurvival..

• ↑: brain injury
Down and Alzheimer dis.
malignantmalignant melanomamelanoma

•• markermarker for for malignantmalignant melanomamelanomamonitoringmonitoring

•• refref. . valuevalue << 0,105 0,105 µµµµµµµµg/lg/l



NewNew bone bone markersmarkers in bone in bone metastasesmetastasesdg dg 
andand monitoringmonitoring

•• P1NP (NP1NP (N--terminalterminal propeptidepropeptideofof type I type I collagencollagen):):
monitoring monitoring ofof bone bone formationformation , , highlyhighly specificspecific for for osteoblasticosteoblastic
metastasesmetastasesformationformation . . Is released into IC environment during
collagen synthesis, than into the blood→ assesment /S.

•• bb--CTX (CTX (ββββββββ--Cross Laps):Cross Laps):bone resorption marker, monitoring bone resorption marker, monitoring 
of antiresorption therapyof antiresorption therapy

•• refref. . valuevalue << 0,704 0,704 µµµµµµµµg/lg/l

•• ICTP (cICTP (c--telopeptidetelopeptideofof type I type I collagencollagen):): markermarker ofof bone bone 
resorptionresorption mediatedmediatedby MMP9 by MMP9 (matrix metaloproteinase 9),
activatedactivated in in pathologicalpathological conditionsconditions (physiological bone resorption
is mediated by cathepsin K). . ReplacedReplacedby bby b--CTX.CTX.



OtherOther perspectiveperspectiveprognosticprognostic andand
predictivepredictive markersmarkers

•• MMPMMP--7 (7 (matrilysinmatrilysin):): metaloproteinasemetaloproteinaseparticipatingparticipating in EC in EC matrixmatrix
degradationdegradation, tumor , tumor invasioninvasion andand progressionprogression, , usedusedin in breastbreast CaCa

•• SMR (SMR (mesomarkmesomark, , solublesolublemesothelinmesothelin--relatedrelatedprotein):protein): markermarker for for 
mesotheliomamesothelioma(no marker before now)

•• HeparanaseHeparanase:: cleavagecleavageofof heparaneheparanesulphatesulphate. . ↑↑ metastaticmetastaticpotencialpotencial
ofof tumor, tumor, ↓↓ surgicalsurgical survivalsurvival ; for ; for exampleexamplein in pancreaticpancreatic CaCa..

•• RECAF (AFP receptor):RECAF (AFP receptor):allowsallows transporttransport ofof moleculesmoleculesintointo thethe
fetalfetal andand malignantmalignant cellscells. . DetectableDetectablein in thethe tissuestissuesofof breastbreast, , 
ovarianovarian, , lunglung, , stomachstomach, , prostateprostate, , andand cervicalcervical Ca, Ca, lymphomalymphoma, , 
melanomamelanomaetcetc..

•• hKhK ((humanhuman kallikreinskallikreins):): SerSer proteasesproteasesofof hormonehormone--dependentdependent
tissuestissues, , usedusedin in prostateprostate andand ovarianovarian CaCa; ; hK3 = PSAhK3 = PSA


