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hRomogRAnin A

Sažetak: Hromogranin A (engl. Chromogranin A, CgA) je najvažniji 
član porodice granina. Skladišti se s hormonima i neurotransmiterima 
u velike vezikule gustog jezgra ili hromafine granule i zajedno s njima 
oslobađa konstitutivno ili u kontrolisanom putu.           

U okviru ovog preglednog rada prikazana je uloga CgA i iz njega izve-
denih biološki aktivnih peptida, kao i njegova upotreba kao markera 
određenih bolesti.

CgA ima značajnu ulogu u sekretornoj granulogenezi (sortiranju i obradi 
sekretornog proteinskog sadržaja, sazrijevanju i kondenzaciji sekretornih 
granula) i održavanju homeostaze kalcijuma. Glikozilacijom, fosforila-
cijom, sulfatacijom i/ili proteolitičkom obradom CgA nastaju biološki 
aktivni peptidi kojim ispoljavaju hormonsku, autokrinu i parakrinu ak-
tivnost. U kardiovaskularnom, metaboličkom, imunološkom i difuznom 
neuroendokrinom sistemu CgA i iz njega izvedeni biološki aktivni peptidi 
imaju mnogobrojne, ponekad oprečne uloge. CgA je identifikovan kao 
važan imunohistohemijski tumorski marker neuroendokrinih tumora, kar-
cinoma prostate i mikrocelularnog karcinoma pluća s neuroendokrinom 
diferencijacijom. Njegova vjerodostojnost je uslovljena samim tumorom 
(lokalizacijom, veličinom, gustoćom sekretornih granula i sekretornom 
aktivnošću), diseminacijom tumora i primjenjeom dijagnostičkom 
tehnikom. Povišene vrijednosti CgA se ne mogu koristiti u procjeni 
progresije tumora koji nisu neuroendokrinog podrijetla. U hroničnoj 
insuficijenciji srca i akutnom koronarnom sindromu CgA predstavlja 
nezavisni prognostički faktor bolesti. 

Ključne riječi: hromogranin A, difuzni neuroendokrini sistem, tumor, 
bolest

Summary: Chromogranin A (CgA) is the most important member of the 
granin family. It is stored with hormones and neurotransmitters in large 
dense core vesicles or chromaffin granules and together with them it is 
released constitutively or in a controlled way.
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In this review are presented the role of CgA and biologically active pep-
tides derived from it, as well as its use as a marker of certain diseases.

CgA plays a significant role in sectorial granulogenesis (sorting and 
processing of secretory protein content, maturation and condensation 
of secretory granules) and maintaining calcium homeostasis. Glycosyla-
tion, phosphorylation, sulfation, and/or proteolytic processing of CgA 
results in biologically active peptides that exhibit hormonal, autocrine, 
and paracrine activity. In the cardiovascular, metabolic, immune and 
diffuse neuroendocrine system, CgA and biologically active peptides 
derived from it have numerous, sometimes conflicting roles. CgA has 
been identified as an important immunohistochemical tumor marker of 
neuroendocrine tumors, prostate cancer and microcellular lung cancer 
with neuroendocrine differentiation. Its credibility is conditioned by the 
tumor itself (localization, size, density of secretory granules and secretory 
activity), dissemination of the tumor and application of the diagnostic 
technique. Elevated CgA values   cannot be used to assess the progression 
of tumors that are not of neuroendocrine origin. In chronic heart failure 
and acute coronary syndrome, CgA is an independent prognostic factor 
of the disease.

Key words: chromogranin A, diffuse neuroendocrine system, tumor, 
disease

UVOD

Porodicu granina čine hromogranin A, hromogranin B, sekretogranin II (ili 
hromogranin C), sekretogranin III (ili produkt gena 1B1075), sekretogranin IV (ili 
antigen HISL-19), sekretogranin V (ili antigen 7B2), sekretogranin VI (ili neuroen-
dokrini sekretorni protein 55) i sekretogranin VII (ili inhibitor proprotein konvertaze 
subtilizin/keksin tipa 1) (1, 2). Granini su proteini molekulske mase od 27 do 10 
kilodaltona (engl. kilodalton, kDa) (1). Izgrađeni su od jednostrukih polipeptidnih 
lanaca s najmanje 10% kiselinskih ostataka (glutaminske ili asparaginske kiseline) i 
višestrukih pojedinačnih i dvobaznih aminokiselinskih ostataka (3). Uskladišteni su u 
sekretornim granulama endokrinih, neuroendokrinih i neuronskih ćelija (1). Granini 
imaju značajnu ulogu u sekretornoj granulogenezi, sortiranju i obradi sekretornog 
proteinskog sadržaja, sazrijevanju i kondenzaciji sekretornih granula (3). Oni održa-
vaju homeostazu kalcijuma i ispoljavaju hormonsku, autokrinu i parakrinu aktivnost 
(1, 4, 5). 

Granini se proizvode u granuliranom endoplazmatskom retikulumu i preko signal-
nog peptida na N terminalnom kraju molekula ulaze u unutrašnji prostor retikuluma 
(3, 4). Otuda, putem transportnih vezikula, oni ulaze u Goldžijev kompleks (3). Potom 
se, s preostalim sadržajem vezikula, u trans mreži Goldžijevog kompleksa pakuju u 
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nezrele sekretorne granule (1, 3, 4). Tu se djelimično prerađuju u različite biološki 
aktivne peptide (3). Nezrele granule sazrijevaju naknadnom acidifikacijom sadržaja 
granula i uklanjanjem klatrinske ovojnice, sinaptotagmina IV i membranskog prote-
ina 4 (1, 3). Zrele sekretorne granule s gustim jezgrom (engl. Dense-core secretory 
granules, DCG), poznate kao velike vezikule gustog jezgra (engl. Large dense-core 
vesicles, LDCV) ili hromafine granule (engl. Chromaffin granules, CG) skladište se 
u srži nadbubrežne žlijezde i njihov sadržaj se oslobađa nakon stimulacije (3).

Granini olakšavaju stvaranje DCG kada se nezrela granula oslobađa iz trans 
mreže Goldžijevog kompleksa (4, 5). Oni omogućuju regrutovanje i kondenzaciju 
topivog proteinskog sadržaja sekretornih granula u guste jezgre (5). Prisustvo granina 
u sekretornim granulama, kao i njihov visok kapacitet vezivanja kalcijuma pri niskom 
pH, osigurava skladištenje kalcijuma u ćelije (4). Proteolitičkom razgradnjom granina 
nastaju proteini koji imaju hormonsku, autokrinu i parakrinu aktivnost (2, 4, 5).

Granini i iz njih izvedeni bioaktivni fragmenti doprinose oslobađanju određenih 
hormona, kao i homeostazi glukoze, neuronskoj ekscitabilnosti, autoimunosti i kon-
traktilnosti glatkih mišića (4). Na taj način oni moduliraju metabolizam, puteve bola, 
raspoloženje i krvni pritisak (4).      Granini predstavljaju markera specifičnih bolesti, 
uključujući neurodegenerativne bolesti, psihijatrijske bolesti i karcinome (4). 

METODE 

Literatura je pretražena korišćenjem ključnih reči: hromogranin A, difuzni neu-
roendokrini sistem, tumor, bolest. Pretraživanje je sprovedeno u okviru sledećih baza 
podataka: PubMed, Emabase, Scopus, SCIn-dex i Hrčak. Zbog ograničenog broja 
dostupnih studija u pretraživanju baza nisu korišteni dostupni filteri. Nakon iščita-
vanja sažetaka, radovi su detaljnije proučeni, te su isključeni oni koji ne odgovaraju 
postavljenom cilju istraživanja.

HROMOGRANIN A

Hromogranin A (engl. Chromogranin A, CgA) je prvi identifikovani predstav-
nik granina (6). Njegovo ime potiče od mjesta primarne identifikacije, hromafinih 
vezikula srži nadbubrežne žlijezde koje sadrže kateholamine (engl. Adrenal medulla 
chromaffin vesicles containing catecholamines) (6). 

CgA je protein molekularne težine 48 kDa, izgrađen od 439 aminokiselina 
(1). Hromafina ćelija srži nadbubrežne žlijezde predstavlja glavni izvor cirkulišu-
ćeg CgA (2). Adrenergički nervni završeci i neuroendokrine ćelije izlučuju CgA 
u perifernim tkivima (2). CgA je otkriven u adenohipofizi, plućima, pankreasu, 
želucu, tankom crijevu (jejunumu i ileumu), frontalnom cerebralnom korteksu, 
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štitnoj žlijezdi, paraštitnim žlijezdama, miokardu i polimorfonuklearnim leuko-
citima (2, 7–10). 

Proizvodnju CgA reguliše nekoliko unutarćelijskih glasničkih sistema, koji 
uključuju protein kinazu A, protein kinazu C, kao i unutarćelijski kalcijum (8). Hista-
min, nikotin, bradikinin, angiotenzin II, prostaglandin E2 i kalijum mogu olakšati 
proizvodnju CgA (8). Zajedno s hormonima ili neurotransmiterima, CgA se oslobađa 
konstitutivno ili u kontrolisanom putu (8).

Gen CgA nalazi se na hromosomu 14q32.12 i obuhvata 12.192 baznih parova 
(engl. base pair, bp), organizovanih u osam egzona i sedam introna (1). Primarni 
transkript od 2 kilobaza (engl. kilobase, kb) provodi se u protein molekularne 
težine 52 kDa izgrađen od 457 aminokiselina koji prolazi kroz posttranslacijske 
modifikacije, odnosno endoproteolizu prohormonskim konvertazama (1). Proteo-
litičkim cijepanjem CgA nastaje nekoliko biološki aktivnih peptida: vazostatini 1 i 
2, prohromacin, hromacini 1 i 2, hromofungin, pankreastatin, katestatin, parastatin, 
serpinin, WE14, EA-92, SS-18, LF-19, GR-44, SS-18, AL-11, ER-37, ES-43, GV 
19, WA-8 (1, 7). 

FIZIOLOŠKE ULOGE HROMOGRANINA A  
I PRODUKATA NJEGOVOG CIJEPANJA

CgA ima mnogobrojne fiziološke uloge u ćeliji i izvan nje (Tabela 1) (1, 7, 
9). Inhibicijom razgradnje granula posredovane serpininom on modulira biogenezu 
DCG (1). Takođe, ima važnu ulogu u obnavljanju ćelija sekretornih granula nakon 
egzocitoze (1). Obilje (~2-4 mM) CgA unutar DCG omogućava pohranu velike 
količine kalcijuma u njima (1). U isto vrijeme, CgA omogućava brzu razmjenu 
slobodnog i vezanog kalcijuma unutar DCG, kao i mobilizaciju kalcijuma u ci-
toplazmu (kroz aktivaciju inozitol trifosfatnih receptora kalcijumovih kanala na 
membranama DCG) (1).

Uloga CgA izvan ćelije nije u potpunosti jasna (1, 7). CgA inhibira izlučivanje 
proopiomelanokortina u prednjem režnju hipofize (15). Indukovanjem proizvodnje 
faktora nekroze tumora alfa i difuzibilnih neurotoksičnih supstanci u ćelijama mi-
kroglije uzrokuje apoptozu neurona (1). Značajan broj uloga, prvobitno smatranim 
ulogama CgA, pripisane su biološki aktivnim peptidima koji nastaju glikozilacijom, 
fosforilacijom, sulfatacijom i/ili proteolitičkom obradom CgA (7). Većina njih se 
sastoji od direktne ili indirektne inhibitorne regulacije putem autokrinih, parakrinih 
ili hormonskih puteva (7). Do sada je otkrivena uloga katestatina, prohromacina, 
hromacina 1 i 2, hromofungina, pankreastatina, parastatina, vazostatina 1 i 2 i 
WE 14 (1, 7). Uloga preostalih biološki aktivnih peptida izvedenih iz CgA ostaje 
nepoznata (1, 7).
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Tabela 1. Uloga hromogranina A i iz njega izvedenih biološki aktivnih peptida (7)

U ćeliji Izvan ćelije

Granulogena aktivnost Inhibiranje izlučivanja želučane kiseline

Skladištenje proteina Inhibiranje peristaltike debelog crijeva

Skladištenje i regulisanje protoka kalcijuma Inhibiranje vazokonstrikcije arterija

Prohormon Negativan inotropni efekat 

Regulisanje metabolizma ugljenih hidrata, masti i proteina

Inhibiranje izlučivanja: insulina, paratiroidnog hormona, kateholamina, 
pankreasne amilaze, proopiomelanokortina 

Antimikrobni učinak

Antiupalna aktivnost

Obnavljanje tkiva: regulisanje adhezije ćelija

Regulisanje nocicepcije 

Aktivacija mikroglije u centralnom nervnom sistemu 

Apoptotička degeneracija kortikalnih neurona

Vazostatini 1 i 2 predstavljaju N-terminalne fragmente CgA (1). Oni inhibiraju 
vazokonstrikciju arterija posredovanu endotelinom-1 i imaju negativan inotropan i 
luzitropan učinak na srce, predominantno u prisustvu intenzivnih adrenergičkih stimu-
lusa (1, 7). Nadalje, inhibiraju proliferaciju i migraciju endotelnih ćelija indukovanu 
vaskularnim endotelnim faktorom rasta (1). Zahvaljujući kardiotropnim i vazoaktivnim 
osobinama, u uslovima prekomjerne simpatičke stimulacije, oni mogu imati ulogu 
homeostatskog stabilizatora kardiovaskularnog sistema (1). Vazostatin 1 i 2 inhibiraju 
lučenje želučane kiseline i paratiroidnog hormona i imaju antimikrobni i antiupalni 
učinak (7). Naime, oni inhibiraju rast kvasaca, bakterija i gljivica i stimulišu migraciju 
makrofaga (1). Štite integritet endotelne barijere od proupalnih agenasa i moduliraju 
adheziju fibroblasta (7). U konačnici, vazostatini 1 i 2 indukuju neuronsku apoptozu 
i vrše kontrolu nocicepcije (7).

Pankreastatin je prvi identifikovani biološki aktivan peptid izveden iz CgA (1). 
On inhibira egzokrinu aktivnost pankreasa i želuca, kao i oslobađanje paratiroidnog 
hormona (1, 7). Modifikuje omjer inzulin:glukagon stimulišući izlučivanje glukagona 
i inhibirajući izlučivanje inzulina uslovljeno fiziološkim stimulusima (7). Povećava 
proizvodnju azotnog oksida koji inhibira insulin (9). Oslobođen s kateholaminima 
iz simpatičkog nervnog sistema u stresnim situacijama učestvuje u modulaciji ener-
getskog metabolizma (1). Naime, pri neuravnoteženoj simpatičkoj aktivaciji, višak 
kateholamina zajedno s povišenim vrijednostima pankreastatina smanjuje unos glukoze 
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(za ~50%) i povećava oslobađanje slobodnih masnih kiselina (za 4,5 do 6,4 puta) (1). 
Pojedinačna istraživanja ukazuju da pankreastatin (mehanizmom koji nije u potpunosti 
jasan) ima značajnu ulogu u patogenezi različitih oblika dijabetes melitusa (9). 

Katestatin djeluje na nikotinske acetilholinske receptore kao snažan autokrini 
inhibitor lučenja kateholamina (1, 7). Smatra se da nedostatak katestatina igra značajnu 
ulogu u razvoju hipertenzije uslovljene dugotrajnom prekomjernom aktivnošću 
simpatičkog nervnog sistema (1). Indukovanjem oslobađanja histamina iz masto-
cita on ostvaruje vazorelaksanti i antihipertenzivni učinak (1). Katestatin posjeduje 
izraženu angiogenu i vaskulogenu aktivnost, budući da indukuje migraciju i prolifer-
aciju endotelnih i glatkih mišićnih ćelija krvnih sudova (1). On stimuliše hemotaksu 
aktivnost i aktivnost proupalnih citokina, te inhibira rast gljivica, kvasaca i bakterija 
(Gram-pozitivnih i Gram-negativnih) (1). 

Parastatin je otkriven u paratiroidnoj žlijezdi svinje (1). U prisustvu niskih vri-
jednosti kalcijuma u krvi on inhibira lučenja paratiroidnog hormona (1).

Prohromacin i iz njega izvedeni biološki aktivni peptidi, hromacini 1 i 2, inhi-
biraju rast gljivica i bakterija (7, 10).                              

WE 14 može modulirati vrijednost gonadotropnih hormona (7). Osim toga, 
istraživanja eminentnih autora identifikovali su WE 14 kao autoantigen pankreasa 
koji ima značajnu ulogu u patogenezi različitih oblika dijabetes melitusa (9). 

METODE ODREĐIVANJA VRIJEDNOSTI HROMOGRANINA A  
U KRVI

Postoji niz komercijalno dostupnih setova za određivanje CgA u krvi (6). Oni su 
zasnovani na tri dijagnostičke tehnike: enzimski imunosorbentni test (engl. Enzyme 
linked immunosorbent assay, ELISA), imunoradiometrijski test (engl. Immunora-
diometric assay, IRMA) i radioimunološki test (engl. Radioimmunoassay, RIA) (6). 
Iako značajan broj istraživanja preporučuje RIA, ne postoji univerzalno prihvaćena 
dijagnostička tehnika, kao ni standardizacija niti jedne od navedenih dijagnostičkih 
tehnika (6, 11). Samim tim, preporučuje se oprez pri pokušaju poređenja rezultata 
različitih dijagnostičkih centara (6). CgA se može određivati u plazmi ili serumu (6). 
Vrijednost CgA u plazmi je nerijetko značajno viša od vrijednosti utvrđene u serumu 
(6). Istraživanja određenih autora preporučuju određivanje CgA u pljuvački (1).

HROMOGRANINA A KAO DIJAGNOSTIČKI I   
PROGNOSTIČKI MARKER

Porast vrijednosti CgA u krvi nastaje u određenim benignim bolestima i stanjima, 
malignim bolestima, kao i jatrogeno (Tabela 2) (12). 
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CgA je povišen u osoba koje koriste inhibitore protonske pumpe, antagoniste 
histaminskih H2 receptora i selektivne inhibitore ponovnog preuzimanja serotonina 
(12). Samim tim, preporučuje se prekid upotrebe lijekova (antagonisti histaminskih 
H2 receptora 24 sata, inhibitora protonske pumpe 14 dana) prije određivanja vrijed-
nosti CgA u krvi (12). Intenzivna fizička aktivnost, kao i unos hrane neposredno prije 
testiranja rezultuju porastom vrijednosti CgA u krvi (12). Lagano povišene vrijednosti 
CgA utvrđene su u menopauzi (usljed povišenog simpatičkog tonusa) i trudnoći (1).

Tabela 2. Uzroci porasta vrijednosti CgA u krvi (1, 12)

Benigne bolesti i stanja Jatrogeni uzroci Maligne bolesti

Trudnoća Inhibitori protonske pumpe Karcinom želuca

Menopauza Antagonisti histaminskih H2 receptora Karcinom pankreasa

Hronični atrofični gastritis Selektivni inhibitori ponovnog preuzimanja 
serotonina Hepatocelularni karcinom

Helicobacter pylori infekcija Intenzivna fizička aktivnost Karcinom dojke

Pankreatitis Skorašnji unos hrane Karcinom jajnika

Hronični hepatitis Karcinom prostate

Ciroza jetre  Neuroblastom

Sindrom iritabilnog crijeva Mikrocelularni karcinom pluća

Ulcerozni kolitis Neuroendokrini tumori

Chronova bolest

Arterijska hipertenzija

Srčana insuficijencija

Akutni koronarni sindrom

Infarkt miokarda

Giantcell arteritis 

Bubrežna insuficijencija

Hronični bronhitis

Opstruktivne bolesti pluća

Reumatoidni artritis

Sistemski eritematozni lupus

Hipertiroidizam

Hiperparatiroidizam

Hiperkortizolemija
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Hronični atrofični gastritis i gastritis uzrokovan Helicobacter pylori mogu uzro-
kovati porast vrijednosti CgA, usljed hroničnog porasta vrijednosti gastrina u serumu 
(1) . U osoba s ovim bolestima, predominantno u onih liječenih inhibitorima protonske 
pumpe, mjerenje vrijednosti CgA u krvi može doprinijeti praćenju hiperplazije ćelija 
želuca sličnih enterohromafinu (1). Ulcerozni kolitis i Crohnova bolest uzrokuju 
diskretan porast vrijednosti CgA u krvi (1). 

Kod disfunkcije organa, poput insuficijencija bubrega, jetre i srca, vrijednosti 
CgA u krvi također mogu biti značajno povećane (1). Veoma visoke vrijednosti CgA 
u osoba s insuficijencijom bubrega (usporedive s vrijednostima CgA u osoba s neu-
roendokrinim tumorom) govore u prilogu značajne uloge bubrega u uklanjanju CgA 
iz tijela (2). Njegove umjereno povišene vrijednosti u osoba s insuficijencijom jetre 
ukazuju ili na metabolizam CgA u jetri ili na aktivaciju neuroendokrinog sistema u ovih 
osoba (2). Aktivacija neuroendokrinog sistema prisutna je i u osoba s insuficijencijom 
srca, akutnim koronarnim sindromom i hipertenzijom (1, 2). Visoke vrijednosti CgA 
u krvi ukazuju na visok rizik od smrti nakon infarkta miokarda, akutnog koronarnog 
sindroma i insuficijencijom srca (1). 

Postoje visoke vrijednosti CgA u određenim upalnim bolestima, poput reuma-
toidnog artritisa i sistemskog eritematoznog lupusa (1). Endokrini poremećaji pove-
zani s povišenim vrijednostima CgA u krvi su hiperkortizolemija, hipertireoidizam i 
hiperparatireoidizam (1).

CgA predstavlja važan marker neuroendokrinih tumora, uključujući karcinoid 
tumor, feokromocitom, medularni karcinom tiroidne žlijezde, adenom paratiroidne 
žlijezde, neuroblastom, gastroenteropankreatične neuroendokrine tumore, sindrom 
multiple endokrine neoplazije tip 1 i bronhopulmonalne neuroendokrine tumore (13). 
Najveća vjerodostojnost ovog tumorskog markera utvrđena je u diseminovanim i do-
bro diferentovanim neuroendokrinim tumorima koji pokazuju intenzivnu sekretornu 
aktivnost (13). 

Senzitivnost CgA u osoba s neuroendokrinim tumorima iznosi između 10 i 
100%, a njegova specifičnost između 68 i 100% (13). Kod malih tumora (osim 
gastrinoma), poput insulinoma, paraganglioma, karcinoid tumora bronha i tumora 
hipofize, vrijednosti CgA mogu biti u referentnom rasponu (13). Najveća osjetljivost 
CgA utvrđena je kod gastrinoma (100%), feohromocitoma (89%), karcinoid tumora 
(80%), nefunkcionalnih tumora endokrinog pankreasa (69%) i medularnog karcinoma 
tiroidne žlijezde (50%) (13). U osoba s metastatskom bolešću, CgA posjeduje osjet-
ljivost od 60 do 100% i njegova vrijednost u krvi može porasti čak 100–1000 puta 
(13). Najviše vrijednosti utvrđene su u karcinoid tumora s metastazama u jetri (13). 
Osim u postavljanju dijagnoze neuroendokrinih tumora, CgA je važan u praćenju 
odgovora na liječenje (13).

U osoba oboljelih od mikrocelularnog karcinoma pluća s neuroendokrinom 
diferencijacijom, CgA može pomoći u praćenju odgovora na liječenje i otkivanju 
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recidiva bolesti (13). Iako vrijednost CgA u krvi ukazuje na vjerojatni stepen neuroe-
ndokrine diferencijacije u karcinomu, njegova niska osjetljivost čini ga nepouzdanim 
u otkrivanju bolesti (13). 

U osoba s karcinomom prostate određivanje vrijednosti CgA u krvi može pomoći 
u postavljanju dijagnoze i određivanju prognoze bolesti (2). Naime, vrijednosti CgA u 
krvi oboljelih mogu biti povišene čak i ako je vrijednost prostata specifičnog antigena 
s normalna (13). Visoke vrijednosti CgA u krvi mogu predvidjeti izostanak odgovora 
karcinoma na hormonsku terapiju, odnosno lošu prognozu bolesti (13). 

Imunoreaktivnost CgA ustanovljena je u ćelijama kolorektalnih karcinoma i 
karcinoma dojke, ali njegova dijagnostička vrijednost nije utvrđena (2). 

ZAKLJUČAK

CgA i iz njega izvedeni biološki aktivni peptidi imaju mnogobrojne, ponekad 
oprečne uloge u kardiovaskularnom, metaboličkom, imunološkom i difuznom neu-
roendokrinom sistemu. CgA je identifikovan kao važan imunohistohemijski tumorski 
marker neuroendokrinih tumora, karcinom prostate i mikrocelularnog karcinoma 
pluća s neuroendokrinom diferencijacijom. Njegova vjerodostojnost je uslovljena 
samim tumorom (lokalizacijom, veličinom, gustoćom sekretornih granula i sekretor-
nom aktivnošću), diseminacijom tumora i primjenjenom dijagnostičkom tehnikom. 
Povišene vrijednosti CgA se ne mogu koristiti u procjeni progresije tumora koji nisu 
neuroendokrinog podrijetla. U hroničnoj insuficijenciji srca i akutnom koronarnom 
sindromu CgA predstavlja nezavisni prognostički faktor bolesti. 
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chRomogRAnin A

Summary: Chromogranin A (CgA) is the most important member of the 
granin family. It is stored with hormones and neurotransmitters in large 
dense core vesicles or chromaffin granules and together with them it is 
released constitutively or in a controlled way.
In this review are presented the role of CgA and biologically active pep-
tides derived from it, as well as its use as a marker of certain diseases.
CgA plays a significant role in sectorial granulogenesis (sorting and 
processing of secretory protein content, maturation and condensation of 
secretory granules) and maintaining calcium homeostasis. Glycosylation, 
phosphorylation, sulfation, and/or proteolytic processing of CgA results 
in biologically active peptides that exhibit hormonal, autocrine, and 
paracrine activity. In the cardiovascular, metabolic, immune and diffuse 
neuroendocrine system, CgA and biologically active peptides derived from 
it have numerous, sometimes conflicting roles. CgA has been identified 
as an important immunohistochemical tumor marker of neuroendocrine 
tumors, prostate cancer and microcellular lung cancer with neuroendocrine 
differentiation. Its credibility is conditioned by the tumor itself (localization, 
size, density of secretory granules and secretory activity), dissemination 
of the tumor and application of the diagnostic technique. Elevated CgA 
values   cannot be used to assess the progression of tumors that are not of 
neuroendocrine origin. In chronic heart failure and acute coronary syndro-
me, CgA is an independent prognostic factor of the disease.

Key words: chromogranin A, diffuse neuroendocrine system, tumor, disease

INTRODUCTION

The granin family consists of chromogranin A, chromogranin B, secretogranin II 
(or chromogranin C), secretogranin III (or 1B1075 gene product), secretogranin IV (or 
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HISL-19 antigen), secretogranin V (or 7B2 antigen), secretogranin VI (or neuroendo-
crine secretory protein 55) and secretogranin VII (or subtilisin/kexin type 1 proprotein 
convertase inhibitor) (1,2). Granins are proteins with a molecular weight of 27 to 10 
kilodaltons (KDa) (1). They are built from single polypeptide chains with at least 10% 
acid residues (glutamic or aspartic acid) and multiple single and dibasic amino acid 
residues (3). They are stored in secretory granules of endocrine, neuroendocrine and 
neuronal cells (1). Granins play a significant role in sectorial granulogenesis, sorting 
and processing of secretory protein content, maturation and condensation of secretory 
granules (3). They maintain calcium homeostasis and exhibit hormonal, autocrine and 
paracrine activity (1,4,5).

Granins are produced in the granular endoplasmic reticulum and enter the inner 
space of the reticulum via the signal peptide at the N terminal end of the molecule 
(3,4). From there, via transport vesicles, they enter the Golgi complex (3). Then, 
with the remaining contents of the vesicles, they are packed into immature secretory 
granules in the trans network of the Golgi complex (1,3,4). There, they are partially 
processed into various biologically active peptides (3). Immature granules mature 
by subsequent acidification of the granule contents and removal of the clathrin enve-
lope, synaptotagmin IV and membrane protein 4 (1,3). Mature dense-core secretory 
granules (DCG), known as large dense-core vesicles (LDCV) or chromaffin granules 
(CG) are stored in the medulla of the adrenal gland and their contents are released 
after stimulation (3).

Granins facilitate DCG formation when an immature granule is released from 
the trans network of the Golgi complex (4,5). They enable the recruitment and con-
densation of the soluble protein content of the secretory granules into dense nuclei 
(5). The presence of granins in secretory granules, as well as their high calcium 
binding capacity at low pH, ensures calcium storage in cells (4). Proteolytic degra-
dation of granins produces proteins that have hormonal, autocrine and paracrine 
activity (2,4,5).

Granins and bioactive fragments derived from them contribute to the release 
of certain hormones, as well as glucose homeostasis, neuronal excitability, autoim-
munity and smooth muscle contractility (4). In this way, they modulate metabolism, 
pain pathways, mood and blood pressure (4). Granins represent a marker of specific 
diseases, including neurodegenerative diseases, psychiatric diseases and cancers (4).

METHODS

The literature was searched using keywords: chromogranin A, diffuse neuro-
endocrine system, tumor, disease. The search was conducted within the following 
databases: PubMed, Emabase, Scopus, SCIn-dex and Hrčak. Due to the limited 
number of available studies, no available filters were used in the database search. 
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After reading the abstracts, the papers were studied in more detail, and those that did 
not correspond to the research objective were excluded.

CHROMOGRANIN A

Chromogranin A (CgA) is the first identified representative of granins (6). Its 
name comes from the place of primary identification, adrenal medulla chromaffin 
vesicles containing catecholamines (6).

CgA is a protein with a molecular weight of 48 kDa, made of 439 amino acids 
(1). Chromaffin cells of the medulla of the adrenal gland represent the main source 
of circulating CgA (2). Adrenergic nerve endings and neuroendocrine cells secrete 
CgA in peripheral tissues (2). CgA has been detected in the adenohypophysis, lung, 
pancreas, stomach, small intestine (jejunum and ileum), frontal cerebral cortex, thyroid 
gland, parathyroid glands, myocardium and polymorphonuclear leukocytes (2,7-10).

The production of CgA is regulated by several intracellular messenger systems, 
which include protein kinase A, protein kinase C, as well as intracellular calcium (8). 
Histamine, nicotine, bradykinin, angiotensin II, prostaglandin E2 and potassium can 
facilitate the production of CgA (8). Together with hormones or neurotransmitters, 
CgA is released constitutively or in a controlled pathway (8).

The CgA gene is located on chromosome 14q32.12 and includes 12,192 base 
pairs (bp) organized in eight exons and seven introns (1). The primary transcript of 
2 kilobases (kb) is made into a protein with a molecular weight of 52 kDa, made of 
457 amino acids, which undergoes post-translational modifications, i.e. endoproteo-
lysis by prohormone convertases (1). Proteolytic cleavage of CgA produces several 
biologically active peptides: vasostatins 1 and 2, prochromacin, chromacins 1 and 2, 
chromofungin, pancreastatin, catestatin, parastatin, serpinin, WE14, EA-92, SS-18, 
LF-19, GR-44, SS-18, AL-11, ER-37, ES-43, GV 19, WA-8 (1,7).

PHYSIOLOGICAL ROLE OF CHROMOGRANIN A AND  
ITS CLEAVAGE PRODUCTS

CgA has numerous physiological roles inside and outside the cell (Table 1) (1,7,9). 
By inhibiting granule degradation mediated by serpinin, it modulates DCG biogenesis 
(1). Also, it plays an important role in the recovery of secretory granule cells after 
exocytosis (1). The abundance (~2-4 mM) of CgA within DCG enables the storage 
of a large amount of calcium in them (1). At the same time, CgA enables the rapid 
exchange of free and bound calcium within the DCG, as well as the mobilization of 
calcium into the cytoplasm (through the activation of inositol triphosphate receptors 
of calcium channels on the DCG membranes) (1).
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The role of CgA outside the cell is not completely clear (1,7). CgA inhibits 
the secretion of proopiomelanocortin in the anterior lobe of the pituitary gland 
(15). By inducing the production of tumor necrosis factor alpha and diffusible 
neurotoxic substances in microglia cells, it causes neuronal apoptosis (1). A signi-
ficant number of roles, originally considered roles of CgA, have been attributed 
to biologically active peptides resulting from glycosylation, phosphorylation, 
sulfation and/or proteolytic processing of CgA (7). Most of them consist of direct 
or indirect inhibitory regulation via autocrine, paracrine or hormonal pathways 
(7). So far, the role of catestatin, prochromacin, chromacin 1 and 2, chromofun-
gin, pancreastatin, parastatin, vasostatin 1 and 2 and WE 14 has been discovered 
(1,7). The role of the remaining biologically active peptides derived from CgA 
remains unknown (1,7).

Table 1. Role of chromogranin A and biologically active peptides derived from it (7)

In the cell Outside the cell

Granulogenic activity Inhibition of gastric acid secretion

Protein storage Inhibition of colonic peristalsis

Storage and regulation of calcium flow Inhibition of arterial vasoconstriction

Prohormone Negative inotropic effect

Regulation of carbohydrate, fat and protein metabolism

Inhibition of secretion of: insulin, parathyroid hormone, catecholamine, 
pancreatic amylase, proopiomelanocortin

Antimicrobial effect

Anti-inflammatory activity

Tissue regeneration: regulation of cell adhesion

Regulation of nociception

Activation of microglia in the central nervous system

Apoptotic degeneration of cortical neurons

Vasostatins 1 and 2 represent N-terminal fragments of CgA (1). They inhibit 
vasoconstriction of arteries mediated by endothelin-1 and have a negative inotropic 
and lusitropic effect on the heart, predominantly in the presence of intense adrenergic 
stimuli (1,7). Furthermore, they inhibit proliferation and migration of endothelial cells 
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induced by vascular endothelial growth factor (1). Thanks to their cardiotropic and 
vasoactive properties, in conditions of excessive sympathetic stimulation, they can 
play the role of a homeostatic stabilizer of the cardiovascular system (1). Vasostatin 1 
and 2 inhibit the secretion of gastric acid and parathyroid hormone and have an anti-
microbial and anti-inflammatory effect (7). Namely, they inhibit the growth of yeasts, 
bacteria and fungi and stimulate the migration of macrophages (1). They protect the 
integrity of the endothelial barrier against pro-inflammatory agents and modulate the 
adhesion of fibroblasts (7). Ultimately, vasostatins 1 and 2 induce neuronal apoptosis 
and control nociception (7).

Pancreastatin is the first identified biologically active peptide derived from CgA 
(1). It inhibits the exocrine activity of the pancreas and stomach as well as the release 
of parathyroid hormone (1,7). It modifies the insulin:glucagon ratio by stimulating 
the secretion of glucagon and inhibiting the secretion of insulin conditioned by phy-
siological stimuli (7). It increases the production of nitric oxide which inhibits insulin 
(9). Released with catecholamines from the sympathetic nervous system in stressful 
situations, it participates in the modulation of energy metabolism (1). Namely, with 
unbalanced sympathetic activation, excess catecholamines together with increased 
values   of pancreastatin reduce glucose intake (by ~50%) and increase the release of 
free fatty acids (by 4.5 to 6.4 times) (1). Individual studies indicate that pancreastatin 
(by a mechanism that is not entirely clear) plays a significant role in the pathogenesis 
of various forms of diabetes mellitus (9).

Catestatin acts on nicotinic acetylcholine receptors as a strong autocrine 
inhibitor of catecholamine secretion (1,7). It is believed that catestatin deficiency 
plays a significant role in the development of hypertension caused by long-term 
overactivity of the sympathetic nervous system (1). By inducing the release of 
histamine from mast cells, it achieves a vasorelaxant and antihypertensive effect 
(1). Catestatin has pronounced angiogenic and vasculogenic activity, since it indu-
ces the migration and proliferation of endothelial and smooth muscle cells of blood 
vessels (1). It stimulates chemotaxis activity and the activity of pro-inflammatory 
cytokines, and inhibits the growth of fungi, yeasts and bacteria (Gram-positive 
and Gram-negative) (1).

Parastatin was discovered in the parathyroid gland of a pig (1). In the presence of 
low levels of calcium in the blood, it inhibits the secretion of parathyroid hormone (1).

Prochromacin and the biologically active peptides derived from it, chromacins 
1 and 2 inhibit the growth of fungi and bacteria (7,10).

WE 14 can modulate the value of gonadotropic hormones (7).                                                     
In addition, research by eminent authors identified WE 14 as an autoantigen of the 
pancreas that plays a significant role in the pathogenesis of various forms of diabetes 
mellitus (9).
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METHODS OF DETERMINING THE VALUE  
OF CHROMOGRANIN A IN THE BLOOD

There are a number of commercially available kits for the determination of 
CgA in blood (6). They are based on three diagnostic techniques: enzyme linked 
immunosorbent assay (ELISA), immunoradiometric assay (IRMA) and radioimmu-
noassay (RIA) (6). Although a significant number of studies recommend RIA, there 
is no universally accepted diagnostic technique and no standardization of any of the 
mentioned diagnostic techniques (6,11). Therefore, caution is recommended when 
trying to compare the results of different diagnostic centers (6). CgA can be determi-
ned in plasma or serum (6). The value of CgA in plasma is often significantly higher 
than the value determined in serum (6). Research by certain authors recommends the 
determination of CgA in saliva (1).

CHROMOGRANIN A AS A DIAGNOSTIC  
AND PROGNOSTIC MARKER

An increase in the value of CgA in the blood occurs in certain benign diseases 
and conditions, malignant diseases as well as iatrogenic (Table 2) (12).

CgA is elevated in individuals using proton pump inhibitors, histamine H2 re-
ceptor antagonists, and selective serotonin reuptake inhibitors (12). Therefore, it is 
recommended to stop using drugs (histamine H2 receptor antagonists for 24 hours, 
proton pump inhibitors for 14 days) before determining the CgA value in the blood 
(12). Intense physical activity as well as food intake immediately before testing results 
in an increase in CgA values   in the blood (12). Slightly elevated CgA values   were 
found in menopause (due to increased sympathetic tone) and pregnancy (1).

Table 2. Causes of increased CgA values   in the blood (1.12)

Benign diseases and conditions Iatrogenic causes Malignant diseases

Pregnancy Proton pump inhibitors Gastric cancer

Menopause Antagonists of histamine H2 receptors Pancreatic cancer

Chronic atrophic gastritis Selective serotonin reuptake inhibitors Hepatocellular carcinoma

Helicobacter pylori infection Intense physical activity Breast cancer

Pancreatitis Recent food intake Ovarian cancer

Chronic hepatitis Prostate cancer

Liver cirrhosis  Neuroblastoma

Irritable bowel syndrome Small cell lung cancer
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Ulcerative colitis Neuroendocrine tumors

Chron’s disease

Arterial hypertension

Heart failure

Acute coronary syndrome

Myocardial infarction

Giant cell arteritis

Renal insufficiency

Chronic bronchitis

Obstructive lung diseases

Rheumatoid arthritis

Systemic lupus erythematosus

Hyperthyroidism

Hyperparathyroidism

Hypercortisolemia

Chronic atrophic gastritis and gastritis caused by Helicobacter pylori can cause 
an increase in the value of CgA, due to a chronic increase in the value of gastrin in the 
serum (1). In people with these diseases, predominantly in those treated with proton 
pump inhibitors, the measurement of CgA values   in the blood can contribute to the 
monitoring of enterochromaffin-like gastric cell hyperplasia (1). Ulcerative colitis and 
Crohn’s disease cause a discrete increase in CgA values   in the blood (1).

With organ dysfunction, such as kidney, liver and heart failure, CgA values   in 
the blood can also be significantly increased (1). Very high CgA values   in people with 
kidney failure (comparable to CgA values   in people with neuroendocrine tumors) 
support the important role of the kidneys in removing CgA from the body (2). Its 
moderately elevated values   in people with liver failure indicate either the metabolism 
of CgA in the liver or the activation of the neuroendocrine system in these people (2). 
Activation of the neuroendocrine system is also present in people with heart failure, 
acute coronary syndrome and hypertension (1,2). High CgA values   in the blood in-
dicate a high risk of death after myocardial infarction, acute coronary syndrome and 
heart failure (1).

There are high values   of CgA in certain inflammatory diseases, such as rheuma-
toid arthritis and systemic lupus erythematosus (1). Endocrine disorders associated 
with elevated CgA values   in the blood are hypercortisolemia, hyperthyroidism and 
hyperparathyroidism (1).
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CgA is an important marker of neuroendocrine tumors including carcinoid tu-
mor, pheochromocytoma, medullary carcinoma of the thyroid gland, adenoma of the 
parathyroid gland, neuroblastoma, gastroenteropancreatic neuroendocrine tumors, 
multiple endocrine neoplasia syndrome type 1 and bronchopulmonary neuroendocrine 
tumors (13). The highest reliability of this tumor marker was found in disseminated and 
well-differentiated neuroendocrine tumors that show intense secretory activity (13).

The sensitivity of CgA in people with neuroendocrine tumors is between 10 
and 100%, and its specificity is between 68 and 100% (13). In small tumors (except 
gastrinoma), such as insulinoma, paraganglioma, carcinoid tumor of the bronchus and 
pituitary tumor, CgA values   can be in the reference range (13). The highest sensitivity 
of CgA was found in gastrinomas (100%), pheochromocytomas (89%), carcinoid 
tumors (80%), non-functioning tumors of the endocrine pancreas (69%) and medu-
llary carcinoma of the thyroid gland (50%) (13). In patients with metastatic disease, 
CgA has a sensitivity of 60 to 100% and its blood level can increase by as much as 
100-1000 times (13). The highest values   are found in carcinoid tumors with liver 
metastases (13). In addition to diagnosing neuroendocrine tumors, CgA is important 
in monitoring response to treatment (13).

In patients with small cell lung cancer with neuroendocrine differentiation, CgA 
can help monitor response to treatment and detect disease recurrence (13). Although 
the CgA level in the blood indicates the likely degree of neuroendocrine differentia-
tion in the cancer, its low sensitivity makes it unreliable in detecting the disease (13).

In patients with prostate cancer, determining the CgA level in the blood can help 
in diagnosing and determining the prognosis of the disease (2). Namely, the CgA level 
in the blood of patients with they can be elevated even if the value of prostate spe-
cific antigen s is normal (13). High CgA values   in the blood can predict the absence 
of cancer response to hormone therapy, that is, a poor prognosis of the disease (13).

CgA immunoreactivity has been established in colorectal and breast cancer cells, 
but its diagnostic value has not been established (2).

CONCLUSION

CgA and the biologically active peptides derived from it have numerous, some-
times conflicting roles in the cardiovascular, metabolic, immune and diffuse neuro-
endocrine systems. CgA has been identified as an important immunohistochemical 
tumor marker of neuroendocrine tumors, prostate cancer and microcellular lung cancer 
with neuroendocrine differentiation. Its credibility is conditioned by the tumor itself 
(localization, size, density of secretory granules and secretory activity), dissemination 
of the tumor and application of the diagnostic technique. Elevated CgA values   cannot 
be used to assess the progression of tumors that are not of neuroendocrine origin. In 
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chronic heart failure and acute coronary syndrome, CgA is an independent prognostic 
factor of the disease.
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