
1 / 9 RACK1 and cancer. E. Einhorn.

Introduction
Cancer  is  a  lethal  disease  characterized  by  the

abnormal  proliferation  of  a  single  cellular  clone  that
becomes immortal. It is described as a multistep and
progressive  process  that  enables  cancerous  cells  to
gain the ability to survive and to become invasive and
malignant.  These  cells  must  acquire  mutations  that
prevent them from undergoing apoptosis. Indeed, they
do not respond to proapoptotic stimuli anymore. These
cells  can  thus proliferate  and  induce  angiogenesis.
This  process  occurs  as  the  tumor  has  not  enough
oxygen  and  nutrients  to  survive,  and  results  in  the
sprouting of new vessels from existing ones. Moreover,
cancer  cells  may  invade  other  tissues  and  form
metastasis.  This  process  requires  loss  of  matrix
adhesion and cell-cell contacts, allowing cells to leave
their original tissue. Once the new location is reached,
the reverse process is  occurring.  In a recent review,
Hanahan  and  Weinberg  described  ten  hallmarks  of
tumor cells to rationalize cancers biology [1]••. Among
these hallmarks, they included resistance to cell death,
induction  of  angiogenesis,  sustaining  proliferative
signal,  invasion and metastasis potential;  pre-existing
functions  that  are  turned  away  in  the  carcinogenic
process.

Receptor for Activated C Kinase 1 (RACK1) plays a
role  in  many  cellular  functions:  it  is  involved  in
development,  immune  response,  brain  activity,
addiction as well as in circadian rhythm [2,3]. It is also
targeted  by  intracellular  parasites  as  viruses  and
bacteria for cell subversion, showing its importance in
cell  regulation  [4]•.  RACK1  is  involved  in  many
signaling pathways as well as in translation and is a
key  factor  of  cellular  homeostasis.  Because  of  its
multiple roles in cell activity, RACK1 may participate to
the subversion of physiological functions, and lead to
the acquisition of some hallmarks of cancer.

Interestingly, RACK1 expression has been shown to
be  upregulated  in  some  cancers  like  pulmonary
adenocarcinomas,  hepatocellular  carcinoma  and
metastatic melanoma [3]••. Moreover, it was supposed
to be involved in ovarian and prostate cancers, as well

as  in  Human  Papilloma  Virus  16  and  Helicobacter
pylori mediated  neoplasia.  Because  of  its
procarcinogenic  functions,  it  was  proposed  as  a
therapeutic  target  in  colon  cancer  [5–8],  or  as  a
prognostic indicator in breast cancer [9,10].  All  these
involvements  of  RACK1  in  human  cancers  tend  to
consider RACK1 as a potential interesting factor for the
understanding and the treatment of cancer.

RACK1 structure allows a wide 
range of functions

A ribosomal docking protein conserved 
among species

RACK1 is a 36 kDa protein identified in 1994 as an
anchoring protein for activated Ser/Thr kinase Protein
Kinase  C  (PKC),  mainly  the  PKCβII  isoform,  and  is
encoded by the human gene gnb2l1 [2]••. RACK1 has
also  been  described  as  a  compound  of  translating
ribosomes  [4]•.  Crystallographic  studies  show  that
RACK1 is composed of tryptophane and aspartic acid
(WD)-repeats  (Figure  1)  that  adopt  a  seven  bladed
propeller structure, allowing protein-protein interaction.
In  its  ribosome-bound  form,  one  face  of  RACK1
exposes  its  WD-repeats  as  a  docking  platform  [11].
The fact that RACK1 interacts with many other proteins
than PKC is thus not surprising.  RACK1 is involved in
activated PKC localization and may play a role in the
spatial  distribution  of  signals.  Increasing  evidence
suggests  that  biological  response  specificity  may  be
controlled  by  signaling  localization  and  that  RACK1
may take part in this process. Moreover, this protein is
evolutionarily conserved throughout eukaryotes (Figure
1),  suggesting  it  carries  important  physiological
functions [12].

In  addition  to  its  possible  role  in  coordinating
signaling  pathways,  it  may  play  a  role  in  mRNA
translation.  RACK1  is  a  ribosomal  protein  that  is
present  at  the  small  ribosomal  subunit,  near  to  the
mRNA exit channel [11].  This privileged location may
allow RACK1 to participate to ribosomes translational
selectivity. However, even if RACK1 is now known to
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be a ribosomal protein [4]••, most of the knowledge on
this protein is focused on its cytoplasmic form. Indeed,
this ribosomal protein can also be found in its free form
in the cytoplasm.

Figure  1. Basic  features  of  RACK1 protein. (A) Crystal
structure of RACK1 from A. thaliana (taken from [3]••). (B) As
(A)  but  with  surface  rendition  (taken  from  [3]••).  (C)
Phylogenetic relationships of RACK1 proteins among species
(adapted from [12]).

A key component involved in diverse 
functions

RACK1  function  was  assessed  in  many  model
organisms  and  has  been  shown  to  have  different
functions.  Deletion  of  RACK1  orthologue  in
Saccharomyces  cerevisiae,  Asc1p,  is  not  lethal  but
leads to a shift towards a hypoxic energy metabolism.
Moreover,  Asc1p mutants  show  an  increased
fermentation and a lack of respiration [13], suggesting
a  role  in  metabolism  regulation.  In  the  contrary,
depletion of RACK1 in pluricellular organisms is lethal.
For  instance,  fruit  flies  depleted  from  RACK1  never
develop  into  adults  [14].  RACK1  is  ubiquitously
expressed  and  required  during  embryogenesis  of
Drosophila  melanogaster.  Moreover,  RACK1  shows
specific  enrichment  in  the  ovary,  may play  a  role  in
production, partitioning or maintenance of the 16 germ
cells  in  each egg chamber,  and  is  essential  for  egg
maturation.  Furthermore,  RACK1  analysis  in
Caenorhabditis elegans showed that it plays a role in
germline development and furrow's ingress [15].  It  is
also  required  for  Xenopus  development,  since  the
interaction  between  RACK1  and  Tyrosine  Protein
kinase-like 7 (PTK7) is required for neural tube closure,
suggesting an impact of RACK1 on cell migration [3]••.
These  datas  were  confirmed  in  mice.  Indeed,
homozygous mutation is lethal at the gastrulation stage
but RACK1 heterozygous mutants are viable and have
skin pigmentation defects that may be linked to a lack
of  melanocytes  migration.  Furthermore,  RACK1
expression  was  associated  with  proliferation  in  the
early embryonic development of chick limb [2]••.

Besides  these  roles  in  cell  signaling,  it  has  been
shown  that  in  Schizosaccharomyces  pombe,  Cpc2
(RACK1  orthologue)  may  control  Mitogen-Activated
Protein Kinase (MAPK) pathway activation, oxydative
stress  response  and  cell  cycle  progression  by
translation  of  specific  genes  [16].  Moreover,  in
heterozygous  mutant  mice,  protein  synthesis  in
response  to  extracellular  stimuli  as  well  as  PKC-
stimulated  translation  is  reduced  [17]•,  showing  that
RACK1 acts  as an adaptor  that  converges  signaling
pathways to the ribosomal machinery. Its involvement
in microRNA (miRNA) was also shown in the nematode
[18]••.

These results suggest an important role of RACK1 in
translation,  miRNA  function,  metabolism,
embryogenesis,  signaling, proliferation and migration.
At the level of organisms, it seems to be a link between
RACK1  and  cellular  functions  involved  in  human
cancer. However, the majority of the studies were done
in  model  organisms,  but  the  fact  that  RACK1  was
found to be upregulated in some cancers confirms the
possibility  of  its  involvement  in  cancerogenesis.  A
switch at the molecular level may help to understand its
role in cancer progression.

RACK1, cellular signaling and 
cancer

Opposed roles in cell growth: proliferation 
versus cytostasis

RACK1 slows down cell proliferation by an inhibitory
effect on Src protein, a tyrosine kinase involved in cell
growth  and  differentiation.  As  a  proto-oncogene,  Src
misregulation  leads  to  cancer.  PKC  activation
translocate  the  RACK1/PKC  complex  to  the
membrane, where it colocalizes with Src [19]. RACK1
phosphorylation  by  Src  next  allows the  interaction
between  both  proteins.  Moreover,  RACK1  inhibits
some Src kinase activity, especially on Src Associated
in Mitosis 68 (Sam68), a protein involved in cell cycle
progression  (Figure  2)  [20].  This  Src  inhibition  is
particularly important at the G1 cell  cycle checkpoint
because  RACK1  overexpression  in  NIH-3T3  cells
induces a partial G1 arrest by inhibition of Myc among
others  (Figure  2)  [21].  In  colon  cells  for  instance,
RACK1  blocks  key  cell  growth  regulators  via  Src
inhibition.  Moreover,  it  prevents  mitotic  exit  by
maintaining  the  Cyclin-Dependent  Kinase  1
(CDK1)/Cyclin B complex in an activated state (Figure
2) [5]••.  These actions of RACK1 on kinases lead to
cytostasis.

In the contrary, RACK1 induces cell proliferation via
the MAPK pathway, an important component of cellular
environment  perception.  Three  distinct  pathways are
part of it: Extracellular Regulated Kinase (ERK), Jun N-
terminal  Kinase (JNK)  and p38.  ERK is activated by
mitogens  whereas  JNK  and  p38  are  activated  by
environmental stresses and control proliferation. MAP
Kinase Kinase 7 (MKK7), one of the kinases involved
in JNK signaling pathway, interacts with RACK1 [22].
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This  interaction  increases  MKK7/JNK  activity  in
hepatocellular carcinoma (HCC) cells, in which RACK1
is  overexpressed.  Moreover,  RACK1  may  be  an
adaptor  for  PKC-mediated  JNK activation  (Figure  2)
[23].

Modulation  of  Androgen  Receptor  (AR)  activity  is
another way to regulate proliferation. AR is a nuclear
receptor  involved  in  prostate  cancer  that  activates
transcription  of  genes  involved  in  proliferation  and
differentiation  upon  androgen  stimulation.  The
RACK1/Src  complex  may  play  a  role  in  AR
phosphorylation  and  activation  (Figure  2)  [24].  It  is
possible for RACK1 to mediate androgen and growth
factor  cross-talk  as  it  facilitates  AR  phosphorylation.
This cross-talk could mediate androgen-independence
of those cancer cells. However, the fact that Src is the
kinase that phosphorylates AR was not shown in vivo,
and one must not forget that RACK1 inhibits some Src
functions  [20].  If  Src  is  really  involved  in  AR
phosphorylation,  it  should  be  in  a  way  that  is  not
inhibited by RACK1 binding.

All  in  all,  RACK1  has  opposed  roles  on  cell
proliferation. On one hand, it leads to cytostasis, mainly
through  Src  inhibition,  while  on  the  other  hand  it
induces proliferation through the MAPK pathway or by
stimulation of the AR activity.

A versatile role in cell death

Programmed cell death is required during the whole
life of any organism. Escape from apoptosis is one of
the  key features  of  cancer cells  because it  leads  to
uncontrolled cell growth and chemoresistance.

Apoptosis  is  regulated  by  a  balance  between pro-

and  anti-apoptotic  proteins.  In  the  intrinsic  pathway,
BimEL,  a  splicing  variant  of  the  proapoptotic  Bim
protein,  interacts  with the antiapoptotic  Bcl-2  protein,
leading  to  Bax  freeing.  Bax  forms  pores  on  the
mitochondria, allowing Cytochrome c release, Caspase
3 and  9 activation and  cell  death.  In  breast  cancer,
RACK1  promotes  BimEL  proteasomal  degradation
upon  apoptotic  stimulation,  favoring  the  interaction
between  Bcl-2  and  Bax  that  prevents  cells  from
apoptosis (Figure 3) [25]. This shows the importance of
an equilibrated RACK1 quantity. Furthermore, RACK1
interacts with p73α, a p53 related protein that activates
transcription  from  p53  responsive  promoters  in
response to genotoxic stress and DNA damage [26].
By this interaction, the p73α-mediated transcription of
proapoptotic genes like p21 and Bax is inhibited. This
effect  is  antagonized  by  binding  of  the  tumor
suppressor  protein  Retinoblastoma  protein  (RB)  to
RACK1  (Figure  3),  suggesting  a  functional  link
between p73, RACK1 and RB.

Since  the  main  problem  of  chemotherapies  is
resistance  to  cell  death,  the  question  of  RACK1-
mediated  survival  is  of  the  utmost  interest.  A study
showed a potential role of RACK1 in the resistance to
etoposide  [27]••.  Some  stresses  such  as  hypoxia
induce cells to form cytoplasmic stress granules (SGs)
which  prevent  accumulation  of  misfolded  proteins.
RACK1  is  one  of  the  proteins  sequestered  in  SGs
because of its binding to the ribosomes. On the other
side, genotoxic drugs and X-rays used in therapeutics
activate  p38 and  JNK pathways,  causing  cell  death.
This is facilitated by RACK1 interaction with MAP/ERK
Kinase  Kinase  4  (MEKK4).  Antagonistic  effects  may
thus  occur,  for  instance  when  both  stresses  are
simultaneous -hypoxia and chemotherapy for instance-
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Figure 2. RACK1 and proliferation. (A) RACK1 prevents cell growth by its inhibition on Src and myc, or by maintenance of
an  active  CDK1/CycB complex  that  prevents  cell  cycle  progression.  (B) On the  other  side,  it  enhances  proliferation  by
enhancement of both MKK7 and AR activity.
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because sequestration of RACK1 into SGs suppresses
p38 and JNK activation (Figure 3).

Conversely, recent studies tend to give proapoptotic
functions  to  RACK1.  Src  protects  colon  cancer  cells
from apoptosis and RACK1 inhibition of Src promotes
mitochondrial cell  death and blocks Akt-mediated cell
survival  (Figure  3).  Moreover,  RACK1  blocks
antiapoptotic Bcl-2 and Bcl-xL expression, and induces
proapoptotic  Bim  expression  (Figure  3)  [6].  As  a
consequence,  RACK1  participates  to  the  death  of
colon  cells.  Furthermore,  RACK1  dissociates  the
Bax/Bcl-xL complex,  promoting UV-induced apoptosis.
It  also  facilitates Bax  oligomerization,  which
permeabilizes  the  mitochondrial  membrane  and
releases  apoptotic  factors  (Figure  3) [28].  This
proapoptotic function is still discussed in breast cancer,
where  two  studies  found  opposed  roles  for  RACK1.
One of these identified RACK1 as a  marker  of  poor
clinical outcome whereas the other confirmed RACK1
proapoptotic role [9,29].

To  summarize,  RACK1  plays  differential  roles  in
apoptosis.  It  acts  as  a  pro-  or  anti-apoptotic  factor,
using the same actors but  depending on the cellular
context  (Figure  3).  This  complexity  of  biological
systems  shows  the  need  to  consider  RACK1  in  its
cellular environment, with its different target proteins.

RACK1, migration and angiogenesis: a 
potential role in metastasis

Integrins  are  heterodimeric  αβ receptors  for
ExtraCellular Matrix (ECM) proteins that are tethering

cells to the ECM. RACK1 interacts with the integrin  β
subunit and may link integrin to PKC, which regulates
integrin  activity  [2]••.  Their  activation  lead  to  Focal
Adhesion  Kinase  (FAK)  phosphorylation,  which
activates  ERK and  PI3K/Akt  among  others,  allowing
cell migration. In normal cells, loss of integrin signaling
leads to anoïkis, a particular programmed cell  death,
but tumor cells are already cell death resistant. Those
pathways may be subverted in cancer cells and loss of
tissue integrity is the first step to metastasis.

RACK1 regulates the organization of focal adhesion
and  the  cellular  protrusive  activity  through  Src-
interaction,  and  is  also  required  for  chemotactic  cell
migration [30]. In prostate cancer,  the transmembrane
glycoprotein  Trop-2  is  upregulated.  This  protein
stimulates  β1-integrin  and  RACK1  association.  This
lead  to  Src  and  FAK  activation,  ending  in  ECM
detachment. This mechanism may be used by cancer
cells to detach and invade the surrounding ECM [31].
RACK1 was previously shown to inhibit Src, but has no
effect  on  the  Src-mediated  activation  of  the  ERK
pathway, which is important for integrin signaling [21].
Moreover,  RACK1  is  required  for  active  ERK
localization to focal adhesion (Figure  4), inducing cell
migration [32].

In squamous cancer cells, RACK1 forms a complex
at nascent adhesions with FAK and PDE4D5, a c-AMP-
degrading phosphodiesterase (Figure  4).  This binding
is required for chemotactic cancer cell invasion. FAK,
RACK1 and PDE4D5 may thus be part of a “direction-
sensing” pathway [4]••.  FAK has another downstream
effector:  Rho  proteins  are  part  of  a  pathway  which
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Figure 3.  RACK1 and apoptosis. (A) RACK1 inhibits apoptosis through Bim degradation, preventing pore formation at the
mitochondria. It also prevents p73-mediated transcription of the proapoptotic Bax protein. Its sequestration in stress granules
takes part in chemotherapy resistance of cancer cells. (B) In contrast, RACK1 may induce apoptosis by dissociating Bax from
Bcl-2 and favors Bax oligomerization, leading in cytochrome C release. Moreover, its inhibition of Src prevent Akt-mediated cell
survival and RACK1 may induce proapoptotic proteins translation.
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plays a role in actomyosin contractility  and mediates
tumor cells invasive behavior. RACK1 promotes breast
cancer  cells  migration  through  Rho  kinase  pathway
(Figure  4)  and  higher  RACK1  expression  correlates
with  shorter  survival  time  [10].  Rho  activation  could
thus be triggered by RACK1 binding to FAK.

Integrin  signaling  is  synergistic  with  the Insulin-like
Growth  Factor-I  (IGF-I)  pathway.  RACK1  forms  a
complex  with  PKC  and  IGF-I  Receptor  (IGF-IR),
establishing it as a possible link between IGF-IR and
integrin  pathway  [2]••.  RACK1  also  binds  to Protein
Phosphatase 2A (PP2A),  a  negative regulator  of  Akt
and  binding  of  PP2A  or  β1-integrin  to  RACK1  is
mutually  exclusive  (Figure  4)  [33].  As  RACK1  is
involved  in  integrin-IGF-I  pathway  activation,  the
balance of  its interaction with  PP2A or  β1-integrin is
part  of  Akt  regulation,  which  controls  migration.  In
normal  conditions,  RACK1  binds  to  activated  Ephrin
type-B receptor 3 (EphB3), and Akt is thus inhibited by
PP2A.  In  Non-Small-Cell  Lung  Cancer  (NSCLC),
ligands  of  EphB3  are  downregulated,  leading  to  a
decreased activation of EphB3 receptor and increased
Akt  activity,  promoting  metastasis  [34].  Moreover,
RACK1 regulates Signal Transducers and Activators of
Transcription  3  (STAT3) activation  by  recruiting  it  to
integrin  and  IGF-IR,  bringing  STAT3  closer  to  its
activating  kinase,  a  Janus  kinase  (JAK),  which
enhances STAT3 transcriptional activity (Figure 4) [35].

As c-myc and vegf are important STAT3 target genes,
the role of this interaction in tumorigenesis has to be
taken into account.

Another actor regulating IGF-IR liaison with RACK1
is the Von Hippel Lindau (VHL) protein, an E3 ubiquitin
ligase which loss is involved in renal carcinoma. VHL
competes  with  IGF-IR  for  RACK1  binding  and  its
downregulation leads to an increased RACK1 binding
to  IGF-IR,  and  to  invasive  potential  [36].  Moreover,
VHL degrades Hypoxia Induced Factor-1α (HIF-1α), a
subunit of HIF transcription factor that plays a role in
angiogenesis. RACK1  competes  with  Heat-Shock
Protein 90 (HSP90) for HIF-1α binding (Figure 4) [37].
HSP90 is a molecular chaperone that protects HIF-1α
from  degradation.  Consequently,  RACK1  promotes
HIF-1α degradation independently of O2 and VHL by
Elongin-C  binding  and  is  supposed  to  be  a  major
determinant  of  the  basal  HIF-1α  degradation  rate.
RACK1  deregulation  could thus  give  rise  to  an
increased blood vessels  formation.  This  is confirmed
by  the  fact  that  RACK1  has  been  found  to  be
upregulated during angiogenesis [3]••.

In cardiomyocytes, RACK1 influences migration, but
doesn't  associate  with  IGF-IR.  It  modulates  it  by  its
impact  on ERK signaling  (Figure  4)  [38].  This  study
points out that cell type must be taken into account as
RACK1 is concerned. Altered competition for  binding
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Figure  4. RACK1 and metastasis. (A) RACK1 forms a complex with PDE4D5 and FAK downstream of integrin signaling,
favoring cell migration. Moreover, it stimulates Rho proteins. Independently of those signaling pathways, RACK1 enhances
ERK activity. PP2A and integrin β competition for RACK1 binding plays a role in PI3K/Akt regulation. RACK1 also competes
with HSP-90 for HIF-1α binding, what participates in angiogenesis regulation. Binding of RACK1 with integrin  β and STAT3
brings it closer to its activating kinase JAK, favoring angiogenesis. All those interactions are part of ECM adhesion loss. Fn:
Fibronectin. (B) Otherwise, RACK1 stimulates cell-cell adhesion by preventing E-cadherin endocytosis thanks to Src inhibition.
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sites  on  RACK1  may  thus  distinguish  normal  from
tumor cells.

Altogether, these data suggest that RACK1 promotes
loss  of  ECM  adhesion  and  tumor  cells  migration,
mainly by its involvement in integrin signaling pathway.
Conversely, it stimulates E-cadherin-mediated cell-cell
junctions.  These  proteins  undergo  Src-  or  growth
factor-  induced endocytosis  that  is  inhibited in  colon
cells by RACK1-mediated Src inhibition (Figure 4) [7]•.
RACK1  has  thus the  potential  to  reduce  invasive
properties  of  colon  carcinoma  cells  by  E-cadherin
endocytosis regulation. 

Consequently,  RACK1  plays  a  versatile  role  in
migration,  and  may  also  take  part  in  angiogenesis.
Such  involvements  suggest  a  role  for  RACK1  in
metastasis.

Ribosomal function of RACK1

Selectivity of mRNA translation

Rack1  is  a  ribosomal  protein  and,  as  such,  its
translation  depends  on  serum  and  amino  acids
availability  [39].  Consequently,  its  ribosomal  function
must be considered in tumorigenesis. RACK1 strongly
binds to the 40S ribosomal subunit (Figure 5), near to
the mRNA exit channel. Because of its strong binding,
the presence of  cytosolic  RACK1 may be due to an
overexpression  rather  than  to  ribosome dissociation.
RACK1 might  thus assemble signaling complexes at
the  ribosome  and  allow  translation  regulation  in
response to cell stimuli [40]•. As Asc1p mutants show
elevated  levels  of  some  proteins,  one  of  Asc1p
functions  may  be  gene  repression  [41].  Moreover,
RACK1 plays a role in translation selectivity. In HCC,
coupling between RACK1 and PKCβII promotes eIF4E
phosphorylation and leads to preferential translation of
Survivin and Bcl-2 (Figure 5), showing the link between
RACK1 ribosomal function and apoptosis inhibition [8].
Likewise,  Scp160p,  a  member  of  the  Vigilin  RNA-
binding proteins family, requires RACK1 interaction for
ribosome binding [40]•. This interaction might regulate
specific mRNA translation (Figure 5).

RACK1  is  involved  in  eIF6  release  from  the  60S
ribosomal  subunit  through  PKCβII,  allowing  subunits
joining and translation (Figure 5). RACK1 provides thus
a  physical  and  functional  link  between  PKC  and
ribosome activation [42]. Ribosomes host active PKC,
which phosphorylates ribosome-associated substrates
like  initiation  factors  and  mRNA-binding  proteins.
Translocation  of  PKCβII  to  ribosomes  increases  the
rate  of  translation  [43].  As  a  result,  RACK1
deregulation  could  give  rise  to  an  uncontrolled
ribosomal  activity  through  PKC  overactivation.  This
control of gene expression may also be performed at
the  elongation  level  because  RACK1  participates  in
peptide-dependent  translation  arrest  and  leads  to
endonucleocytic cleavage and degradation of specific
mRNA (Figure  5) [44]. RACK1 has thus a role in the
control of gene expression.

Using mass spectrometry, RACK1 was identified in

Internal  Ribosome  Entry  Site  (IRES)-associated
initiation complex [45]. This is not surprising because
RACK1 has been shown to be a ribosomal protein. But
this  could  indicate a  role  for  RACK1 in IRES-mRNA
translation too (Figure 5). The potential link with IRES-
containing  mRNA raises  an  interesting  possibility  in
cancer genes regulation. Namely,  some genes as  c-
myc,  vegf and  hif-1α mRNAs  are  IRES-dependent.
Accordingly,  RACK1  may  play  a  role  in  their
upregulation during cancer progression.

miRNA function: ribosomal recruitment to 
target sites

Recent studies showed that RACK1 takes part in the
miRNA pathway.  Those  single  stranded small  RNAs
regulate gene expression by inducing degradation of
target  mRNAs.  They seem to  be involved  in  cancer
progression,  since  variations  in  miRNA  levels  is  a
general  trait  of  human  cancers.  It  was  shown  that
RACK1 links  to  KH-type  Splicing  Regulatory  Protein
(KSRP), a protein that is part of the  DICER complex
that processes long dsRNA into small RNAs [46]. This
complex  recruits  mature  miRNAs  to  Ago  protein,
forming the miRISC (RNA-Induced Silencing Complex)
that  mediates  post-transcriptional  gene  silencing.
RACK1 is involved in the recruitment of miRNAs into
miRISC (Figure  5) [18]••. Its expression is reduced in
HCC,  and  consequently  miRNA function  is  impaired
too.  RACK1  contributes  to  Ago2  recruitment  to  the
ribosome  (Figure  5)  and  may  facilitate  interaction
between  component  of  RISC  and  translational
machinery.

To  summarize,  RACK1 is  a  ribosomal  protein  that
plays  a  role  in  translational  selectivity  and  miRNA
function. Deregulation of any of those processes can
lead to tumorigenesis.

Conclusion and perspectives
RACK1 plays a role in key cancerous processes as

proliferation, apoptosis, migration and angiogenesis. Its
opposite  functions  may  be  due  to  different  binding
partners, deferring among cell type. Moreover, RACK1
is a ribosomal protein that allows translation selectivity
and miRNA pathway efficiency. Both functions are part
of tumorigenesis. Focus was made on RACK1 function
in disease, but one must keep in mind that RACK1 has
above  all  physiological  functions,  and  that  RACK1
deregulation may participate in cancerogenesis. Some
studies proposed to use RACK1 as a biomarker, others
even suggested that  it  could be used as a target  in
therapy. But for now, its complete role in a single cell is
not well understood. Its targeting would be complicated
because  of  unsuspected  side  effects,  showing  the
need to better understand RACK1 networks. In some
cases,  RACK1  acts  by  protein  sequestration  or  by
competition to regulate target protein activation. A tight
regulation  of  RACK1  quantity  is  required  because
RACK1 may act as a balance between signals, thus its
deregulation has major consequences for homeostasis.
In addition to those differential  functions,  it  is  of first
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interest  to  note  that  RACK1  downregulation  has
various effects among species. Consequently, RACK1
may  have  many  potential  functions  rather  than  a
defined one.

A  striking  observation  that  can  be  made  with
RACK1's  scientific  literature  is  the  gap  between
ribosome and signaling research. Both roles of RACK1
are rarely studied together, which would be required to
get  an  integrated  overview  of  its  function. Besides,
studies  on yeast  only  show a ribosomal  function for
RACK1  and  even  if  RACK1  was  shown  to  control
MAPK pathway in fission yeast, it was by regulation of
translation.  RACK1 may thus  primarily  function  as a
translational regulator.  In multicellular organisms, it is
consequently possible that RACK1 had acquired new
functions in direct signaling regulation, mainly because
of its structure that facilitates interactions. However, it
is  possible  that  this  lack  of  information  on  yeast
signaling regulation comes from an absence of such
studies. Study  of  RACK1  is  thus  a  very  complex,
promising and exciting field of research.
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