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pro tei n. scrum  a1111 loid A, komp lerncn t C3 . u. l - k 1sc l1 g li koprotci n ) i  f unk c1JC 

EUKARIOTA  N A SIGNALE  IZ SPOUNE  SREOINE vez i va nJa  i transporw ( ha ptoglob,1n lic:111ope ksi11,  tran sferin ).  Koncc ntr nc1Ja 

 
G rigo rov l , Bogoje vic D , lvanovic-Matic S, Petrovic M,  Uskokov ci A, 
A rarnba sic J , Mihailovic M., Grdovic N ., Mart in o.vie Y. , Vidak ovci M, 

Poznanovic G., Dinic S. 

AFP u ci rkulac iji nij c uvecana jednak o u odgovoru na razlic it e st resogene 

stirnuluse sto sugerisc da je njihova sint eza regu li sana specificnim profilom 

inflamatornih    medijatora    koji   se   aktiv iraju    na   odredjeni    stim ulus. 

Raznovrsnost  u  smeru,  intenzitetu  i  trajanju  promena  nivoa  AFP-a  istice 
Odeljenje za molekularnu  biologiju, lnstitut za bioloska  istrza  ivanja  "Sni   isa 

.' 
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Sinopsis: 

potrebu za komplctnim razumevanjem nacina njihov e regulacije. 

Dosadasnj a  sazm1111a  o   tome   kako  su  geni   za   AFP   moduli san i 

proinflarnatornim cit okinim a tokom AFO baziraju se na istra:z1vanJima   na 
H omeosta za   je   ravnotezno   stanje   rnetabolickih   procesa    koje   

o b ezbeduje  optimalno  funkcionisanje  organizma . Organizam  odgovara  na 
promotorskom nivou. Ekspresija gena za AFP je uglavnom kontro lisana na 

transkripcionom  nivou  i zavisna je od  regulatornih  interakcija  izmedju cis- 

o ds t pu anja    od   ovog   stabilnog   stanja    pokretanjem    kompleksnog   niza delujucih   DNK   sekvenci   i  specificnih   transkripcionih   faktora   i  DNK 
lokalnih  i sistemskih  reakcija  koje zajedno  cine tzv  akutno fazni  dogovor    

(A F O ). AFO je evolutivno konzervisan mehanizam usmeren ka 

reuspostavljanju   normalnog   funkcionisanja organizma   tokom   in fekc  ij a, 

tkivnep ovrede, hemijskog tretmana  i neoplasticnih  bolest i. lnicijacija i tok 

AFO   ukljucuju   koordinisanu   seriju   dogadjaja   kao   sto   je   oslobadjanje 

c ito k ina  , hemotaksija  leukoc ita, aktivacija  endotelijalnih celija  i adrenalno-  h 

ip o   fizn e    preg e  koja  obezbedjuje  neophodne  rnetabolicke  signale   kojim 

deluje  na ciljne  organe.  Jetra  je  vazan  ucesnik  AFO  obzirom  da  seu  njoj 

vezujucih prote ina. Pored sveprisutnih transkripcionih faktora ukljuc enih u 

bazalnu  .transkr ipc ionu   masineriju   svih   ti po va  celi ja,  celije  jetre  sadr:ze 

dodatne faktorc rrisutne u ogranicenom broju  tkiva .  Oni  pripadaju 

famil:jarna transkripcionih faktora C/EBP, STAT i Nf kB.  Sloz.enost 

njihovog ucesca u regulaciji ekspresije  gena  za  AFP proizilazi  iz cinjenice 

da razli cit o akt ivni clanovi svake od ovih familija imaju slicna mesta vez1va 

nJa   za   DNK   na   k0jirna   mo gu  smen j i va ti  jedni   dmge ,   i  svak1 

transkripcioni   faktor     mo:i:e    delovat i  sarno sta l no    iii   siner gist ick1 

pod uticajem proin flamatornih  citokina  kao sto su Tumor nek rotci ni faktor antagon  isticki sa jednim iii vise fak tora i\i kofak tora koji pak pr ipada ju istoj 
 

.,.. 

a, Interleukin- Ip i lnterleukin-6 indukuju prola zne promene u sni te z i brojnih  

proteina.  Krajnj i rezult at se ,ogleda u pojacanoj  iii smanjenoj s in tez  i 

i/il  i aktivaciji  za jetru  karakteristicnih transkripcionih faktora  koji  povratno   

r eg u l isu rnnoge gene medju kojima i gene za akutno faZ11e proteine (AFP). 

/\ku t no fazni proteini predstavljaJU  heteroge nu grupu cir kulat ornih 

pr o te  ina koj1  su   ukljuceni   u   reuspostav ljanje  homeostaze   putcrn svo j i h 

iii razlicitoj fami lij i. Koop erativn e int erakcij e trankripcionih faktor a kao 1 

njihove   postranslacionc   mod ifika cije   tipa fosforilacije/defosforilacije 

g likozila cije/deglik ozila cije su neophodne za ostvarivanje odredjenog nivoa 

1  ekspres ije gena kar ak tir st icnog za celije jetre tokom AFO. 

DN!( vczuju ci proteini koji reguli su transkr i pciju gena za Al·P 

prisutni  su  i u jedarnoj  plazmi  a\i  I  u jedam_o i struktu:-i -jeda rnc m  JT'a tr iks u . 

a  k t ivno s t i ;,OJC se    mogu  svrstat i u  tri  kategor  ije:  inhi  bicija  ,pr >:, ; 2a 

m a k rog  l ob  ulin ,  a 1 -an t itri ps i n  and   a 1 -ant ihimotr ips in) ,  akt ivac ija  sis 

a{: 2-- 

m.; a 

Stoga se smat ra da je jed arn i matrik s, kao trod imenzionalana pro tei nska 

mreza  koja  prozima  jedro,  potencijalno  uklju cen  u  organizaciju procesa 

komp  lcm   enta   iii   rnodulacija   imunog   odgovora   (fib rinogen,   C-rae : : ivt n  i trans kripc ije.   Ovakva uloga    jcdarnog matriksa ogledala bi    se u 
 
 
 



nes coding for sec,c tecl ac.1te p;1ase pro tein s (APP). 

A.:utc   pha se   pro1eins repre sent  a   heterogeneous group   of 

circui.'.ltl):J pr:xeim: which  are  invo lved in the restoration  of homeo stasis 

--   _ , 
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funk c iona l no j loka li zacij i gena i prikupljanju i pozicioniranjLI  genskih 

regul atornih faktora unutar jedra odnosno, u formiranju "ode ljaka " u kojima 

b1  se  u  od redeno   vreme  i  na  jednom   mestu   na sli  sv1  po t reb11i  uces11i ci 

proces a    transkripc i je .    Na   jedarnom- -  matr i ksu   jetre    identitikovatti   su 

tran skrip cioni faktori: C/EBPa , C/EBP , CIBBP8, STAT l , STAT3, STA-   I 

Sb  i  NF -kB  p65  koji  imajv  znacajnL1  ulogu  LI   regL1laciji  eksprcsije gena za  

Af  P  Asocijacija  identifikovanih  transkripcionih  faktora  sa Jeda1111111 

matriksom  je dinamicna  jer  podleze promenama ,, 7avisnosti  od 

-.... f i i ioloskog stanja organ izma, odrazavajL1ci tako prornene LI ;::-:::;; c0j 

ekspresiji koje karakterisu bazalno stanje i inflamaciju. Detektova,1e 

asocijacije trans-faktora sa jedarnim matriksom predstavljajL1 mehan izam 

skoncentrisavanja genskih regulatornih faktora u blizini aktivnih gena LI 

funkciji optimalne transkripcije. Time se  Llkazuje  na  postojanjc  

funkcionalne veze izmedu jedarn e strnkture - jedarnog matriksa  --  i  

ekspresije gena. 

Mc:rnnizrni koji kontrolisu ukupnu aktivnost brojnih transl::ripcionih 

faktora jetre tokorn AFO kao i rnehanizmi koji specificno kontrolisL1 

transkripciju odredjenog  gena za  AFP  su jos nedovoljn o poznati  i predmet 

su broJnih istrazivanja kod nas i u svetu. Razumevanje  pomenutih  

rnehanizarna je od posebnog znacaja za uspostavljanje terapeutske kontrole 

AFO koja je  neophodna  u  nekim zivotno-ugrozenim situacijarna  kao sto je  

sl ucaj sa prekomernom produkcijom tumor nekroticnog faktora a u uslo v1ma    

sepse .   lsto    tako ,    up oznavan Je    izmenjenih    tran skr i pc1on i h 

.-dogadjaJa u jetri tokorn AFO je od vaznosti  LI prevencij1 patoloskih   stanja 

koj<1 s u  u  \'CZi  sa  preve li kom  produkcijom  odredjenog  AFP-a  s '.o  je  /'est 
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Synopsis: 

 
Homeostasis is the state of metabolic equilibrium supp orting the 

optimal functioning of an organism that is actively maintained by complex 

biological mechanisms. An organi sm responds to deviations from this stable 

situation by a coordinated sequence of syste mic and metabolic changes , or by  

local  ch?nges  such  as  inflammatory  reac ti ons, col lect1 vely known  as the 

acute phase response (APR) The APR is an evo l uti onaril y conserved 

mechanism aimed al reesta lishing an organisms normal functioning during 

infection, tissue injury , chemical irritatio11 an d neoplastic disease. The 

initiation and progression of the APR involves  a  coordinated  series  of  

events, including cytokine re lease, endothelial-cell activation, leukocyte 

chemotax  is,  alteration   of  the  temperature  set-poi nt  and  activation   of  the 

adrenal   pit u i tar y  ax is  which   prov ide  t he  necessa ry  metab oli c  signa ls  to 

respond i ng orgrn1s The li ver is a 1 naJOr pa rtner in APR and the blood -bo rne 

p oin flamm.,,:itory cytokines such as Tumor Necrosis Factor a, ln terleuk i n-1/ J ,_ 
and   Interleukin-6  trigger  transient  changes  in  the  synthesis  of  numerous 

I 

_-.: , s  ucaj  u nekim  hronicnim  inflamatornim  bo lestima . prc,teins in this organ. The e:1d rt-su!t is an up- or down-regulated synthesis 

and /Or act iva ti on of li ver -enriched transcriptio:1 factors that in turn regulat,, 
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under  different  stress conditions   suggesting  that  their synthesis  is regulated 
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through their actions that can be grouped into three categories: inhibition vf 

prote ases (a2-macroglobulin, a 1-antitrypsin and al -antichymotryps in), comp 

l e men t activation, or modulation  of the  immune system  ( fibrinogen  , ( -

react iv e protein , sernm  amyloid  A, complement  component  C3, a I-acid 

glycoprote i n) , and binding and transport function (haptog lobin, he mo pex  i n, 

required  to ac h i e ve th e  levels of ex pression characte ri s tic of  acute phase li 

ver cell s. 

DNA bin din g protein s th a t regu la te APP gene transcription  reside in 

both , the nu c leopla mic and nu c lear matrix compartment  s of the nu cleus 

The nuclear matr i x i s a n a nast omos in g, thr ee- d imens iona l prote i na cco us 

transfenin)  The plasma  concentrations  ' APPs  do  not  increase uniformly network of th e nu cl e us th a t coord i nat es man y nuclear processes, i nclu d i n g 
 

 
'¼. 

·· by stressor-specific patterns of production of inflammatory mediators . The 

diversity in direction,  extent  and  timing  of  changes  in  hepatic  APP  levels 

st resses  the need  for a  comp let e understanding  of  how such  changes   are 

for the spatial and temporal gathering of the participants of transcription by 

functionally localizing genes anrl concentrating and posi tion i ng gene regula tory  

protei ns  in  s pec ifi c  nu c lear  comp a rtm ent s  Transcription  factors 

regu la ted. ( i [  131' u ,  (', ' L ll l' f \. . ( 1.ll 1' 6.  S I .\  I 1 .  s· 1 1\  101.  S IA  I 5b  I   N F-k B  p65 .  1 h;i1 

Our current kn ow ledge of how these gene s are modu l a ted by APR 

and pro-inflammatory cytokines large ly rests on studies made at the 

promoter level. The expression of genes coding for APPs  1s  most ly 

controlled   at   the  transcriptional   level   and   depends   on   the   regulatory 

i nte ract ions betwen cis-acting DNA sequences and spec1f:c t•·anscr iption 

factors and DNA-binding proteins. Besides the ubiquitous tra Bscn r ·ion  

factors involved in the basal transcript ion machinery of most cell typec:, the 

hepatocyte contains other factors that are prominent  in  only  a  limit ed 

number of cell types. These transcr iption factors mostly incluce  some 

members    of    the    CAAT/   enhancer    binding    protein    (C/EBP)  Signal 

Transducer and Activator of Transcript ion (STAT), and Hepatocyte Nuclear 
f' 

,. - Factor  (HNF)-6 fam ili es.  Variably active members   of  the  transcription 

factor family can replace each other at a given binding sit e  and a 

transcription factor can act either alone or synerg istically /anta gon isticall y 

with one or more other factor( s ) or cofactors that belong or do not belong to 

the sa me fam ily . The cooperati ve interaction of transcription factors as \;\'ell 

as their posttranslational modifications such as 

phosphorylation/dephosphorylation   or   glycosy lation/deg lycosylat ion  are 

a re 1 rnp o l"l : m t in  the  n:gu l;i ton of l1n  : r .'\ PP  gene  ex pre ss ion d urin g 1 he A PR 

were  identified  on  the  nuclear  rna t n x. The assoc  ia t ion of  these  transc ri p t ion 

factors with the nuclear matrix is dynam ic. l t undergoes changes in  a 

physiological  state-re  lated  manner ,  thus  reflecting   differelltial   ;ene 

expression during basa l c ondit ions as well as in flam mation. The observed 

association of trans-factors with the nuclear matrix is in correlation with its 

proposed role in  concentrat i ng  gene  regu lat ory  proteins  near  their  targe t 

sites  for optimal  gene  transc ription. 

Our understanding  of  the modulations  that control  the net  activity 

of the whole array of hepatic transcription factors during  the APR is still  in 

its  in fancy ,  as  is  our  understanding  of  the  mechanisms   that  specifically 

_   contro l the transcripti on of a given  APP gene. Progress  in these fields  will 
" 

pa ve  th e  way !o r  t he imp roved th e rapeuti c cont rol of  the  APR  that  i s 

required 111 li fe -thr ea ten i ng si tu a ti ons such  as  a  sepsis  associa ted 

overprod uc t ion of tumor necros i s factor-a and resu l ti ng multiple organ 

failure.  Like wi se , a  be tter  knowledge of the APR-modulated  transcr ipt iona l 

events in liver may he l p  one  to  prevent  the  pathological  events  associated 

with   overproduction   of   a   given   APP   that   ta kes   place   in  some   chronic 

i nflamm a tory d i s eases. 

 
 

  
 

transcription. It  is ass um ed  that  the  nuclear  matrix  provides  a structural base ..- 
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