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Abstract:   
Cancer i s  a  complex ent ity  wi th  mult ip le components af fect ing a  tumor growth,  invasion  and 
metastasis.  Trad it iona l ly  cancer  treatments  have focused on  tumor cel l s .  Microenvironment  a lso  
has  ro le  in  tumor  behavior .  Bio logical  agents that  target  components o f  the  tumor 
microenvironment may  provide an a lternat ive  to  tradit ional  therapy .  Because of  the  complex ity  o f  
the tumo r mil ieu the most  benefic ia l  therapy wi l l  l ikely  invo lve the combinat ion of  one  or  more 
agents d irected at  the microenvironment.    
Keywords:  Tumor,  Microenvironment ,  Metastas is ,  Ext ra  cel lu lar  matr ix .  

Introduction:  

Tumors are  complex  structures  conta in ing  
d if ferent  ce l l s .  Microenvironment is  the  
inter face between the tumor cel l s  and the 
normal  stromal  cel l s .

 1
 A  tumor st imulates  the 

remodel ing o f  i t s  microenvi ronment for  i ts  own 
surv iva l .  The tumor changes the structure of  
the extracel lu lar  matr ix  for  i t s  own growth,  
induce angiogenesis  and a lter  the funct ion of  
ex ist ing cel l s  .

2
 

The tumor microenvironment represents a  new 
altered cond it ion favorable for  the tumor to  
progess.

3  
Components  of  tumors including  

res ident  non cancer  ce l l s  l ike f ibrobla sts,  
endothel ia l  ce l l s ,  connect ive t i ssue and  
ext racel lu lar  matr ix  contain ing proteins  l ike 
col lagen are  equa l ly  important  both in  tumor 
in it iat ion and progression.  The st roma i s  
considered important  for  the tumor cel ls  to  
surv ive and grow as they are the source o f  
oxygen and nutr ient  supply .    

Tumor Microenvironment Components:   

The tumor microenvironment consists  of  cancer  
ce l l s ,  non-cancer  ce l l s ,  secreted solub le factors 
and non -ce l lu lar  so l id  mater ia l .  The tumor 
microenvironment i s  h igh ly  var iab le .  So l id  
mal ignant  tumors are  bas ical ly  composed of  
neop last ic  cel l s  col lect ively  ca l led parenchyma 
and non -tumors elements,  the stroma.  

4 , 5  

 

1.  Cancer  Ce l ls  :  

Cancer cel l s  d i ffer  from normal  cel l s  by  i t s  
growth,  d i f ferent iat ion,  a ltered rep l icat ive 
potent ia l  and invasiveness.  

a.  Cancer  Ce l l  Sur vival  

The cancer  ce l l s  shows metabo l ic  a lterat ion 
such as  increased g lyco lysi s  and a ltered  
mitochondria l  respi rat ion which uses the 
glycolys i s  f  or  Adenosine tr iphosphate (ATP)  
supp ly .  

Th is  led to  accumulat ion of  Nicot inamide 
aden ine d inucleot ide phosphate ( NADP) that  
leads to  inact ivat ion of  Phosphatase and tensin 
homolog (PTEN) and act ivat ion  of  prokinase B  
(Akt) .  The cancer  ce l l s  have mitochondria l  DNA 
mutat ions and  hypoxia  wh ich increases  
glycolys i s  and act ivat ion of  Akt  pathway 
through nicotinamide adenine dinucleotide 
hydride(NADH) mediated  PTEN inact ivat ion i s  
important  in  i t s  surv ival

. 6
 

b.  Cancer  Ce l l  Growth  

As cancer  ce l l s  rep l icate so fast ,  they o ften  
show a mult inucleated phenotype and  contain  
numerous nuclei  which is  abnormal  in  i t s  shape 
and s ize.  The molecu lar  ana lysi s  o f  human 
tumor has shown that  ce l l  cycle regu lat ion i s  
frequent ly  mutated in  human tum ors .  The 
cr i t i ca l  po int  o f  cel l  cycle contro l  i s  the 
rest r ict ion po int .   The restr ic t ion point  i s  
control led by the cycl in  D and cyc l in  E  
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dependent  k inases .  Tumorigenes is  i s  frequent ly  
associated with  mutat ions  or  abnormal it ies in  
the express ion of  var ious  cycl in ,  Cyclin-dependent 
kinases CDK’s and CKI ’ s.

7  
 

C. Cancer  In it iat ing Cel ls  

Virchow in  1955 was proposed that  embryonic  
remnants in  adu lts  were the cancer  in it iat ing 
ce l l s .  Cancer  in it iat ing ce l l s  a re sel f -susta in ing  
ce l l s  with  the exclus ive ab i l i ty  t o  se lf - renew. 
The cancer  in it iat ing cel l  n iche is  made up of  
st romal  in it iat ing elements.   The n iche 
mainta ins stem cel l s  and cancer  in it iat ing  cel l s  
by  secret ing factors,  provid ing ce l l  –  ce l l  
contact  and regu lat ing micro -environment.  The 
epigenet ic  chang es and genet ic  mutat ion can 
provoke the stem cel l s  res id ing in  adult  t i ssues 
give r i se to  cancer  .Ti ssue stem cel l s  are idea l  
targets  for  oncogenesis .  Not  a l l  cancers ar ise  
from a t i ssue stem cel l .  The cancer  in it iat ing  
ce l l s  can  a lso ar i se from progen itor  cel l s  which 
lack the ab i l i ty  to  sel f -renew. 

8
 

2.  NON CANCER CELLS :  

A number of  non -neop last ic  ce l l s  help  compr ise 
the tumor  microenvironment .   These inc lude 
cancer  assoc iated f ib roblast ,  tumor endothel ia l  
ce l l s ,  per icytes,  bone marrow progen itor  ce l l s  
and a  number o f  immune cel l s  includ ing tumor 
associated macrophages.  These cel l s  may 
increase or  suppress metastasis  by  ava i labi l i ty  
of  pro and ant i -metastat ic  factors.

 9
 

a.  Cancer  Assoc iated Fibr oblasts  (CAF) :  

In  mal ignant  tumors,  f ib rob lasts and  
myofibrob lasts form the main stromal  
component .   Tumor  assoc iated f ibroblasts  
d if fer  from thei r  normal  count erpart  in  many  
ways . The h isto logy and growth character i st ics  
of  carcinoma assoc iated f ib rob lasts d i f fer  from 
those of  f ibrob lasts  associated with  normal  
epi thel ia l  ce l l s  and severa l  a l tered propert ies 
by  increased  co l lagen product ion and 
st imulat ion  of  h ya luronate synthesis  in 
f ib rob lasts.  

F ibroblast  act ivat ion protein  (FAP),  a  97kDa  
sur face glycoprotein,  i s  over  expressed  in  a  
major ity  o f  cancer  re lated f ibroblasts  and it  
was shown to promote tumor growth.   Greater  
level  o f  FAP in  pat ients wi th  metastase s was  
associated with  a  shorter  surviva l .   The cel l s  o f  
the immune system are  a lso in f luenced by  the 
tumor assoc iated f ibrob lasts.

 1 0
 

Metal loth ion in  i s  a  protein  responsib le for  
modulat ing the immune system cel l s  by  thei r  
ant i -apoptot ic  and pro prol i ferat i ve propert ies.   
The express ion of  th is  protein  by  the 
f ib rob lasts o f  the tumor microenvi ronment i s  
re lated to the remodeled phenotype of  these 
ce l l s  because of  the tumor in f luence on cancer  
associated f ib rob lasts.  

1 1
 

Myofibrob last  produce a  large amount of  
st roma ce l l s  der ived factor  -1 (SDF-1)  
promot ing  tumor growth and  metastat ic  
spread.   These cel l s  a l so  secrete Insulin-like growth 
factor 1 (IGF-1) ,  hepatocyte growth factor  HGF,  
vascular  endothel ia l  growth factor  VE GF,  
inter leukin  -6 ( I L-6) ,  a l l  these compounds resu lt  
in  a  s igni f icant  increase of  the  invas ive capaci ty  
of  tumor  cel l s

 [ 2 0 ]
.  Myof ibrob last  are h ighly  

prol i ferat ive  and are surrounded  by a  dense 
meshwork o f  the st ructural  prote in  col lagen.  

1 2  
 

Tumor associated f ibroblasts  a l so supp ly  a  
var iety  o f  cytok ines,  growth factors,  t issue -
remodel ing enzymes and ECM components,  a l l  
of  which modulate host - tumor in teract ions .  The 
or ig in  o f  tumor associated f ib roblasts,  
myofibrob lasts  i s  st i l l  an  unsett led i ssue.

 1 3
 

b.  Tumor assoc iated m acr ophages  (TAM) :  

They are bone marrow der ived ce l l s  capab le o f  
inf luenc ing tumor invas ion,  ang iogenes is ,  
immune evasion and  migratory  behavior .   Sub 
populat ions o f  TAM’s may a lter  both spat ia l ly 
and temporar i ly  dur ing  tumor developme nt to  
orchestrate  mal ignant  progression.  Cytok ine -
mediated monocyte d i fferent iat ion can produce 
d ichotomous ef fects .  

Suppressor  M 1  macrophages,  secret ing 
mediators such as TNF α,  IL -12 produce a  pro -
inf lammatory  effect  which promotes the host  
ant i -tumor immune response.  M 2  promoter  
macrophages,  express ing ant i - in f lammatory  
cytok ines such as I L -10,  TGF β,  VEGF act  to  
enhance tumor growth invasion  and  
angiogenesis  and subvert  the host  immune 
response to tumor ant igens .

1 4
 

TAM’s produce h igh levels  o f  Hypox ia  induc ib le  
factor  -2α (HIF -2α) and  th is  i s  an independent  
prognost ic  factor  for  poor outcome.  They 
impaired phagocyt ic  act iv ity  by  producing much  
less n it r ic  oxide than  the normal  monocytes .   
The toxic  compounds re leased are Tumor  
necrot ic  Factor  α ,  Nitr ic  Ox ide,  H 2 O 2 ,  
proteases,  immunosuppress ive mater ia ls ,  
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var ious growth factors and cytok ines that  
resu lt s  in  increased mitot ic  act ivi ty ,  promoted 
invasiveness and enhanced neo ang iogenes is  .

1 5  

The abi l i ty  o f  TAM’s  to  st ick  to  tumor ce l l s  
a l lows macrophages to  carry  tumor cel l s  in  to  
the c ircu lat ion and thus a id  in  the spread of  
the cancer.

 

c.  Per icytes:  

 A  per icyte i s  a l so known as Rouget  cel l  
advent it ia l  cel l  or  mural  cel l  in  a  connect ive  
t i ssue that  occurs in  the smal l  b lood vesse ls.

1 6  

Pericytes are  cr it ica l  for  angiogenesis,  new 
vesse l  formation with in  the body  of  a  tumor .  
PDGF-β over  express ion  with in  tumor resu lt s  in  
increa sed  per icyte coverage .Dur ing vascu lar  
development these progeni tor  cel l s  of  per icytes 
can be recrui ted through,  SDF -1α chemo taxis  
grad ient  and d i fferent iate into VSML and or  
per icy tes to  fac i l i tate the b lood vesse l  
formation.

 1 7
 

d.  Bone Marrow Progenitor  Ce lls :  

 Bone marrow derived Endothel ia l  Progen itor  
Cel l s  (EPC)  i s  present  i n  the per iphera l  b lood  
and increased in  response to certa in  s ignals  
and seen  in  the neo  vascular  bed of  mal ignant  
t i ssues.   Bone marrow serves as a  source for  
the needed progen itor  cel l s  as the tumor  
vasculature expands during tumor growth .  
These cel ls  a re  not  d istr ibut ing homogenously  
throughout  the tumor.

1 8
 

e.  Adipocytes:  

These are ce l l s  that  pr imar i ly  const itute  
adipose t i ssue which secretes severa l  spec if ic  
cytok ines l ike  adipokines,  lept in ,  ad iponect in ,  
res i st in  and vis fat in  and stores energy as fa t .   
Adipose t i ssue secretes metal loproteinases  
which in f luence in f lammat ion and ang iogenes is  
in  tumor .

1 9
 

3 .  SECRETED SOLUABLE FACTORS:   

In  add it ion to  the ce l lu lar  compartment  an  
array  o f  secreted soluble factors  regulates  
tumor metastasis .  These factors  can both  
st imulate  or  inh ib it  tumor metastas is.  

a.  Chemokines:  

Chemokines are known to modulate a  number 
of  processes important  to  tumor metastas is  
inc luding st imulat ing  the migrat ion and 
inf i l t rat ion  of  immune cel l s  such as  
macrophages,  T  cel l s ,  dendri t i c  ce l l s  and 

natura l  k i l ler  cel ls .   Certa in  Chemokines  p lay  
roles in  d irect ing migrat ion  of  tumor cel l  to  
spec i f i c  metastat ic  s i tes .   These molecules have 
both pro and ant i -metastat ic  act ivit ies.  

2 0
 CCL 2  

CCL 5 (Chemokine C -C moti f  l igand)  suppression 
of  mal ignancy by st imulat ing immune funct ion  
and inf i l t rat ion  of  T  ce l l s  and natural  k i l ler  ce l l s  
to  the s ites o f  tumor growth.CXCL12 /SDF -1 –  
p lay  a  ro le in  faci l i tat ing tumor ce l l  migrat ion 
and homing to d ist inct  metastat ic  s i tes,  wh i le  
others help  st imulate  angiogenes is  CXCR 3  –
Immuno -angiostat ic  property .  CXCL10 – 
Promotes the pro l i ferat ion of  CXCR3,  
express ing tumor ce l l s  and to st imulate thei r  
adhes ive  and invas ive propert ies  .

2 1
  

b .  Matr ix  Metal loprote inase  (MMP):   

The matr ix  degradat ion is  me d iated by the 
concerted act ion of  several  p rote inases ,  
inc luding members o f  the  ser ine,  cyste ine,  
aspartate and MMP fami l ies.   Major ity  o f  the  
connect ive t i ssue dest ruct ion i s  carr ied out  by  
the MMP’s,  a  z inc dependent  enzyme that  
degrades a l l  components o f  the connect ive  
t i ssue.   .MMP’s can contr ibute to  tumor growth  
ei ther  through d irect  or  indi rect  process ing of  
severa l  growth factors  such as FGF,  TaF -β .   
MMP’s are a lso involved in  the release o f  
insul in  l ike growth factor  protein  from thei r  
growth inh ib itory  b inding prote ins which 
st imulate tumor growth .   MMP’s can indi rect ly  
regulate pro l i ferat ion through integr ins as a  
consequence of  thei r  abi l i ty  to  a l low the 
makeup of  the ECM.MMP’s a lso provide 
protect ive ef fects by  suppress ing tumor  
growth.

2 2  

c.  Matr ice l lu lar  prote ins  

They are character ized as secreted prote ins  
that  b ind ce l l  sur face receptors,  ECM 
components  and proteases but  are  not  
considered structural  elements o f  the ECM.   
Examples o f  these molecules are  
thrombospondin-1 and  2 (TSP 1 ,  2 ) ,  Se creted 
protein  acid ic  r i ch  in  cysteine (SPARC) and 
connect ive t i ssue growth factor  (CTGF).   These 
substances can p lay  both st imulatory  and 
inhib itory  roles in  metastas is  .

2 3  

d.  Growth factor s  

Stromal  cel l  der ived  factor -1 (SDF -1)  produces 
an endocr ine effect  by  recrui t ing c i rcu lat ing 
endothel ia l  p rogen itor  cel l s  to  the tumor.   SDF -
1 i s  secreted by  the act ivated f ibrob lasts .   
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Transforming growth factor -β (TGF-β)  recrui t s  
EPC to the microenvi ronment i s  involved in  the 
act ivat ion of  f ibroblasts to  CAF.   P la te let  
der ived growth  factor  (PDGF) i s  involved in  
recru it ing and prol i ferat ion of  f ibrob last .  
Vascu lar  Endothel ia l  Growth Factor  (VEGF)  
indi rect ly  supports  micro environmental  
changes  v ia  creat ion of  dysfunct iona l  
vascular i zat ion that  a l lows p lasma leakage 
which att racts f ibroblasts and other  ce l l s .  

2 4  

4.  NON CELLULAR SOLID MATERIAL :  

Hyaluronan  (HA) i s  present  in  the extra  cel lu lar  
microenvironment i s  responsib le for  mal ignant  
behavior  o f  ce l l s  by  cel l  prol i ferat ion.  Excess  
product ion of  Hyaluronan wi l l  enhance th e 
tumorigenic  abi l i ty  in  certa in  tumors.  They  l ink  
the tumor aggregate ce l ls  f rom the tumor micro 
envi ronment  with  the st romal  ce l l s .  This  
hy lauronon r ich  microenvironment wi l l  increase 
the monocytes and macrophages and a lso the 
endothel ia l  and bone marrow  cel l s  resu lt s  in  
angiogenesis  and lymph angiogenesis .

2 5
 

METASTASIS :   Metastasis  can be def ined as the 
development of  secondary  tumors at  a  d istant  
s i te from the pr imary tumor .26 Integr in  
receptors i s  responsib le for  the attachment o f  
the tumor  ce l l s  to  the extracel lu lar  matr ices.  
The tumor  ce l l  migrat ion can  be dependent  on  
many  factors.  

Seed  and So i l  Hypothes is  

In  1989 Stephen Paget  developed the 
hypothesis  that  certa in  tumor ce l l s  ( seeds)  can 
only  successfu l ly  co lonize select ive  organs  
(soi l )  that  have su itab le growth envi ronments .  
In  modern  context  th is  hypothesis  would  state  
that  mal ignant  cel l s  ( seed)  gradua l ly  acqu ire  
mutat ions in  oncogenes or  tumor suppressor  
genes that  confer  the abi l i ty  to  egr ess from the 
t i ssue of  or ig in  survive in  hematogenous or  
lymphat ic  c irculat ion and proper in  a  d istant  
s i te  ( so i l ) .

2 7
 

ANGIOGENESIS :   

Tumors induce new b lood vessel  formation 
from pre-ex ist ing vessels  in  a  process ca l led 
tumor angiogenesis  to  obtain  su f f ic ient  oxygen 
and nutr ients for  growth and surviva l  with in  
pr imary s i tes .   Newly  formed blood vessels  p lay  
a  p ivotal  ro le in  promoting enhanced turnover 
metastasis  to  d istant  organs

 .
I t  i s  an essent ia l  

pre-requisi te  for  tumor  growth and metastasis .  
Tumors gr ow only  up to a  vo lume of  2 -3mm

3
 

and stop further  growing without  a  su f f ic ient  
vascular  supp ly .   Angiogenes is  act ivators such  
as  vascu lar  endothel ia l  factor ,  FGF -2,  
Ang iopo iet in -1 (Ang 1) ,  angiopoiet in -2 (Ang 2)  
and thei r  receptors are invo lved in  these 
processes.  Ang iogenesis  inhib itors are  
f ib ronect in ,  thombospondin -1,  angiostat in  and  
endostat in  .

2 8
 Tumor angiogenesis  occurs by  

prol i ferat ion  of  endothel ia l  ce l l s  and  by bone 
marrow derived progen itor  c i rcu lat ing  
endothel ia l  cel l s .   

LYMPHANGIOGENESIS :  

The outgrowth of  lymphat ic  vesse ls  i s  lymph 
angiogenesis .   The spread of  cancer  ce l l s  occurs  
through sent inel  lymph node from the pr imary  
tumor to  d istant  organs.  Tumor can induce 
lymph angiogenesis  in  both pr imary tumor and 
lymph node via  release of  the lymph  angiogenic  
growth factors,  VEGF -C  or  VEGF -D leading to  
increased rates o f  metastasis  to  the drain ing 
sent inel  lymph nodes and beyond.   Mediators  
of  lymph angiogenesis  are FGF -2,  HGF 
(hepatocyte growth factor  /  scat ter  factor)  
VEGF-C and VEGF -D.   High tumor in terst it ia l  
f lu id  pressure i s  thought  to  promote tumor ce l l  
entry  into lymphat ic  vesse ls  that  have lower  
f lu id  pressure.  Tumor associated lymph 
angiogenesis  has potent ia l  s igni f i cance in  
pr imary s ite and a lso  in  lymph nodes.  The 
sinusoidal  lymphat ic  end othel ium faci l i tates 
the transport  of  the tumor ce l l s  to  lymph nodes  
and helps  in  the surviva l  o f  the cancer  stem 
cel l s  by  a  speci f i c  tumor  micro envi ronment .

2 9
 

CONCLUSION  

Tumor cel ls  modi fy  stroma and vasculature and  
the local ly  changed host  microenvi ro nment in  
turn modi f ies the behavior  o f  tumor  ce l l s .  
Tradit ional ly  cancer  t reatments  have focused 
on tumor cel l s .  By  understand ing the 
interact ions between  cel ls  o f  the tumor 
microenvironment and how these interact ions 
af fect  tumor  progress ion,  we can devel op  
better  therap ies involv ing complementary  and  
synergist ic  combinat ions.    
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