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Chapter 1

Breast cancer
Breast cancer is the leading cancer in w om en in the w orld. It accounts fo r 22.9% of the new
cancer cases in w om en and 10.9% of all new cancer cases in the w orld. It is also the leading
cause of death am on g fem ale cancer patients (13.7%) [1]. A ltho ug h incidence rates have
increased during the last decades, the survival rates are im p ro ving due to earlier diagnosis
and b etter treatm en t options, especially in the w ell-d evelop ed countries [2]. Since the
introduction of m am m ograph y screening, patients are diagnosed at an earlier stage of
their disease. Today, the first choice treatm en t of operable patients w ith non-m etastasized
breast tu m o rs is breast co nserving th e rap y w hich consists of surgical rem oval of the prim ary
tum or, follow ed by rad io th erap y of the breast and, if necessary, the axillary lym ph nodes.
A d ju vant or n eo-ad ju van t system ic treatm en t can consist of endocrine and/or chem otherapy.
Endocrine treatm e n t is given for breast cancers that express the estrogen recep tor (ER)
and/or the p rogesterone receptor (PR), and includes eith er tam oxifen (estrogen receptor
m odulator) a n d /o r an arom atase inhibitor. For patients w ith tu m o rs th at express the grow th
facto r recep to r HER2/neu (ER BB 2) the m onoclonal antibo dy trastuzum ab (H ercep tin ) is an
im portant additive treatm en t m odality.
Prognostic and predictive factors in breast cancer
Breast ca n cer is not a single disease but rather consists of a heterogeneous group of tum ors
w ith different pathologie and clinical m anifestations resu ltin g in variable responses to
specific treatm en ts. Classically, breast cancer is categorized accord in g the histology. Tum ors
arising from the ducts of the breast gland, the ductal carcino m as, are m ost com m on (about
75% of cases) follow ed by lobular carcinom as (10% of cases), that have th eir origin in lobules
o f the breast [3]. To select the best treatm en t p rognostic m arkers, such as tu m o r size, the
presence of positive lym ph node or distant m etastases (TN M -cIassification) and pathological
grade are used [4, 5]. For breast cancer Standard predictive facto rs include ER status, PR
status and HER-2 am plification to select patients fo r adjuvant endocrine or trastuzum ab
treatm en t, resp ectively [6-8]. Based on these predictive facto rs and treatm ent m odalities, an
additional subgroup classification has evolved, nam ely ER+ (E R +/H E R 2- or ER+/HER2+), HER2+
(ER -/H ER 2+ or ER +/H ER 2+), and triple negative (TN; ER -/PR -/H ER 2-) breast cancers. Divided
in th ese subgroups ER+ patients exhibit the best outcom e and HER2+ tum ors have a poorer
prognosis, although the possibility of trastuzum ab treatm ent results in im proved outcom e
[9]. Triple negative breast cancer patients have lim ited ad juvant treatm ent options and are
know n fo r th e ir poor survival [10].
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Tow ards p ersonalized care
D espite the use of the current classificatio n system to optim ize treatm en t in each breast
cancer subgroup, there are still patients th at do not respond to the given treatm en t, becom e
resistant to the therapy, or suffer from side effects w itho ut additional b enefit from the
treatm en t. A b etter und e rstan d ing of the features, as w ell as the m echanism s underlying
breast cancer, is essential to im prove p atiënt selection fo r existing th erap ies and to develop
novel agents [11].
Gene expression profiles are of value since th ey are show n to be m ore accurate and
reproducible than the current classificatio n system , as th ey are based on standardized
expressio n

m easurem en ts

of

m ultiple

transcripts

from

pathw ays

rather than

the

m easurem en t of a single protein by im m u no histoch em istry [12, 13]. By a ssessing genetic
alteratio ns in co m bin ation w ith expressio n profiles, a m ore detailed subdivision has been
developed that separates breast cancer into basal-like, HER2 overexp ressing, lum inal A or
lum inal B, and norm al breast tissue like subgroups [14]. How ever, expression arrays often
require good quality m R N A m aterial th at can at this m om ent only be obtained from freshly
frozen tum o r tissu e w hich , fo r logistical reasons, is difficult to obtain [12 ,13 ].
O th er m ethods, besides expressio n arrays, are also used to d etect the heterogeneity
inside and betw een the tum o rs [15]. Several m arkers of p roliferatio n and cell cycle and cell
death regulators have show n to have p rognostic value in breast cancer [15]. For exam ple,
abnorm alities in the established tu m o r su p p resso r p53 are show n by m ultiple m ethods to be
co rrelated w ith breast cancer prognosis [16]. Furtherm ore, im m uno histoch em ical staining of
the proliferatio n m arker Ki-67 is also a significant prognostic fa cto r in axillary node negative
breast cancer patients [17].
Besides the m arkers m entioned above m any others have also been d escribed to be of value in
breast cancer prognosis or th erap y se n sitivity prediction. H ow ever, m ost m arkers have been
identified w ith in-house research assays w ith potential lim itations in term s of the am ount and
q uality of tu m o r m aterial needed, and sp ecificity and se n sitivity of the assay. Before a new
m arker can be introduced into general practice, robust assays should be m ade com m ercially
available and p rop er external quality a ssessm en t schem es d eveloped.
H ypoxia in tum ors
M any p rognostic m arkers in breast cancer patients are related to hypoxia. For exam ple,
high vascular endothelial grow th facto r (V E C F ) levels are associated w ith poor prognosis
in node negative breast cancer patients [18]. Furtherm ore, hypoxia ind ucible fa cto r (HIF)
1 and carbonic anh ydrase (CA ) IX, have p rognostic and p redictive value in breast cancer
[19-24]. In addition, urokinase p lasm ingen activator (uPA) and its in h ib ito r type-1 (PAI-1)
protein expressio n have proven to be of value in the prognosis of breast cancer [25, 26]. The
im portance of hypoxia in breast cancer is fu rth e r stressed by the observation th at hypoxic
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gene signatures also have a prognostic value in breast cancer [27]. This is not su rp rising
since hypoxia is one of the m ost im portant aspects of the tu m o r m icroenviro nm ent. O xygen
levels below the norm al concentration fo r a tissue can be entitled as hypoxia. In norm al
tissues the oxygen levels are on average 7% w ith a large range depending on the degree
o f vascularization and oxygen consum ption of a specific tissue [28]. In m ost solid tum ors
hypoxia is present, w ith a m ean oxygen co ncentratio n of app roxim ately 1.5% [28, 29]. W ithin
a tu m o r the oxygen concentration can range from norm al tissue concentrations (norm oxia),
to hypoxic co nditio ns (-b e lo w 2% o xygen) or even anoxic conditions (-b e lo w 0.1% oxygen).
U ltim ately, if cells are unable to adapt to these low oxygen conditions apoptosis and necrosis
w ill be induced.
In tum o rs, hypoxia can occur due to m ultiple causes. Low oxygen conditions are a result of
the chao tic vasculature of tum ors. Tum ors have large intervessel distances and p oo r blood
flow , w hich result in poor oxygen supply. The tu m o r cells can experience either acute or
perfusion-lim ited hypoxia caused by tem po ral occlusion of tu m o r blood vessels (Figure 1).
In addition, chronic diffusion-lim ited hypoxia can occur due an inadequate, diffusion-lim ited
oxygen sup ply to the tu m o r cells. This happens as a result of the rapid proliferation of tu m o r
cells and abnorm al vascularization in tum o rs. Norm al cells cannot survive w hen exposed to
hypoxic co nditio ns fo r long periods of tim e, w hereas tum o r cells are capable of ad ap tin g to
hypoxic conditions.

Figure 1. Schem atic representation of different forms of hypoxia in tumour tissue. Chronic hypoxia due to
diffusion lim ited oxygen supply and acute hypoxia due to occluded blood vessels.

M o lecu lar pathw ays in hypoxia
A t the m olecu lar level, hypoxia induces a variety of changes in cells. In general th ree m ajor
pathw ays are involved in the hypoxia resp onse; the Hypoxia Inducible Factor (H IF) pathw ay
[6], the m am m alian target of rapam ycin (m TO R ) pathw ay [30] and the unfolded protein
response (U PR ) [31] (Figure 2).
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Figure 2. Three main 0 2sensing pathways, H IFia, UPR and mTOR, leading to hypoxia tolerance mechanisms
in tum our cells. (Wouters et al. 2008 [30])

The H IF-pathw ay is the best studied 0 2-sen sin g pathw ay. D uring co nd itio ns w here the
oxygen levels declines below 2%, prolyl hyd roxylases can no lon ger h ydroxylate H IF -ia . This
h ydroxylated fo rm is norm ally recognized by E3-ubiquitin ligases th at label H IF -ia fo r rapid
proteasom al degradation. D uring hyp oxic conditions this degradation does not take place
and th erefo re the H IF -ia protein accu m ulates and is able to bind to H IF-ip . The thus form ed
HIF1 com plex th e n tra n slo ca te s to the nucleus w here it acts as a tran scrip tio n fa cto r by binding
to hypoxia responsive elem ents (H R E) in the p rom otor regions of targ et genes. These target
genes include CAIX, V E C F and glu cose transp o rters (GLUTs). The gen es upregulated via HIF1 are, am ongst others, involved in adaptation to the harsh m icro en viro nm e nt by inducing
n eovascularization , m ain tainin g a stable intracellu lar pH and alterin g the glucose m etabolism
to increase energy production unde r hyp oxic conditions [30, 32, 33].
H ypoxia also affects the m TO R p athw ay via induction of several proteins inclu d in g TSC1-2,
BNIP3 and PML. One key fu n ction of m TO R is to regulate m R N A translation . U nder hypoxic
co nditio ns the blockade of m TO R leads to a reduced overall translation rate, w hereas the
C ap-dep endent translation via EIF4E is increased. m TOR is involved in m any cell survival and
p roliferatio n pathw ays, w hich are m ajo r en ergy co nsum ing p rocesses. Thus, b lockin g m TOR
leads to less energy co nsum p tio n and th ere b y results in decreased oxygen dem and of the
cells [30].
Finally, hypoxia induces th e activation of the UPR. An accum ulation of un- or m isfolded
proteins during stressful co nd itio ns in w hich low energy levels are ind uced, leads to the
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activation of th e th re e key proteins of the different U PR arm s; IR E -i,A T F 6 a n d PERK. A ctivation
of IRE-1 results in pre-m R N A splicing of XBP1. XBP1 is a transcription fa cto r that binds to
genes involved in protein m aturation, ER-associated degradation (ERAD), anti-apoptotic
signals and activation of autophagy. ATF6 activation results in proteolytic cleavage and
transcription of ATF6 d ep end ent genes playing a role in ERAD and genes of ER chaperones.
The phosphorylation of PERK and its m ain substrate EIF2a results in inhibition of the overall
m RN A translation . A d d ition ally, the transcriptio n facto r ATF4 is induced by the PERK arm of
the UPR leading to tran scrip tio n of a specific subset of genes. Jo intly, the three arm s of the
UPR induce an o verlap p in g set of proteins that increase protein m aturation and degradation,
as w ell as cell survival. To gether w ith the inhibition of m R N A translation th ese processes
serve to initiate the e n d op lasm atic reticulum (ER) stress response and provide m echanism s
fo r cell survival du rin g hypoxia. [30]
All three m ajor pathw ays th at are regulated by hypoxia have a sim ilar goal; to co un teract the
hypoxia or to provide the cells m eans to survive the harsh m icroenviro nm ental conditions
induced by hypoxia. Th is is achieved by induction of vascularization, red u cing energy
consum ption, p rod u cin g energy in an oxyg en-ind ep en d en t w ay and to co unte ract pathw ays
that w ill lead to cell death [34]. D arw inian selection of tu m o r cells that have upregulated
these pathw ays w ill lead to tum ors w ith cells that keep p roliferating despite the hostile
environm ent. This m ight explain the m ore aggressive phenotype of tum ors in w hich these
pathw ays are activated. M oreover, this also leads to selection of cells that are refractory to
particular types of cancer treatm ents. Thus, know led ge about the m echanism s involved in
the response to hypoxia in tu m o r cells m ight help selecting of m ore aggressive tu m o r cells
and overcom e treatm en t resistance.
H ypoxia in can cer treatm en t, progression and prognosis
M olecular ad aptatio ns m ake the tu m o r cells capable of surviving d u rin g hypoxic conditions,
but also alter th eir responses to other kinds of cell stress, fo r exam ple cell stress induced
by cancer treatm en ts [29, 35]. Indeed, hypoxia stim ulates tu m o r progression and ham pers
th erapy sen sitivity of tu m o rs [33]. Hypoxic tum o rs are believed to have a gre ate r m etastatic
potential due to expressio n of m etastasis-related genes, increased genetic instab ility and
selection of m ore aggressive cellularp h e n o typ es [36]. Fo rexam p le, M DA -M B-231 breast cancer
cells dem o nstrate increased m igration w hen exposed to hypoxia [37]. The effectiveness of
anticancer drugs is not only im paired by lim ited d elivery into poorly vascularized tu m o r areas,
but also by the effect of the hypoxic enviro nm ent on d rug uptake activity and the m etabolism
and proliferation of tu m o rs cells [38]. Indeed, the hypoxia related m arker C A IX is a predictive
m arker fo r both chem o- and endocrine th erap y in breast cancer [20, 24]. R ad io th erap y is
also less efFective in hyp oxic cells since radiation needs oxygen fo r fixation o f DN A dam age
ultim ately needed fo r m itotic cell death. Indeed, oxygen te nsions can predict rad io therap y
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o utcom e in breast tum o rs [39] and CA IX w as found to be a m arker fo r radioresistance in
breast cancer cells [40].
T reatm ent options ta rg e tin g hypoxia
M ultiple treatm en t options have been developed to overcom e hypoxia-related treatm ent
resistance, or to specifically target hyp oxic cancer cells. Esp ecially in radiotherapy research,
this to p ic is studied extensively, resulting in m ultiple clinical trials w ith hypoxic m odifications
(review ed in [41]). The first m ethods to overcom e h yp oxia-induced treatm ent resistance are
based on reducing the n um b er of hyp oxic cells by incre asin g the oxygen tension inside a
tu m o r. H yperbaric oxygen breathing, but also norm ob aric oxyg en/carb ogen (95% 0 2 plus 5%
C 0 2) breathing can be used to increase the oxygen concentration in blood and subsequently
in the tum o r [42-44]. Th ese m etho ds reduce diffusion-lim ited hypoxia. Com bining one of
th ese m ethods w ith adm inistration of nicotinam ide, a B6 vitam in analo g that counteracts
acute hypoxia [45] or othe r vaso active drugs, w ill increase the oxygen concentration inside
the tu m o r even further. This com bination m ethod is, fo r exam p le, used in the A RCO N trials
w here hypoxia w as decreased during rad io th erap y treatm en t by carbogen b reathing and
nicotinam id e to sensitize the tu m o rs cells to radiation [46]. In this study, patients w ith
hypoxic laryngeal tum o rs b enefitted greatly from ARCO N tre atm e n t com pared to those
given only accelerated rad io therap y [47]. A lso, hypoxic cytotoxins have becom e of interest.
Th ese drugs are aim ed at d estro yin g the hypoxic cells rather than increasing the oxygen
co ncentratio n in the tum or. Tirap azam in e fo r exam ple, is sp ecifically cytotoxic in cells that
are hypoxic, th ereb y sp ecifically e lim inating these tu m o r cells [48]. O verall, the clinical
tirap azim ine phase III trials show ed negative results [49, 50], h ow ever a side study clearly
show ed substantial benefit fo r hypoxic tum o rs [51]. Furtherm ore, the im proved know ledge
abo ut the hypoxia related p rocesses is used to develop p h arm aceuticals that target processes
specific fo r hypoxic cells. C A IX inhib ito rs are in this respect prom ising, although they are not
yet app licab le in the clinic [52]. There are m any treatm en t options th at can be used to target
hypoxia in tum o rs and m ost of them give p rom ising results. N evertheless, these treatm ents
are not yet im plem ented into daily practice. One m ajor problem is th at these treatm ents
are only effective in a sub p op ulation of the patients. As show n in the ARCO N trials, only
patients w ith hypoxic tu m o rs w ill b enefit from this treatm en t [47]. How ever, selection of
th ese patients can be difficult.

Selection of p atients w ith h yp o x ic tum ors
Q u an tifying the degree of hypoxia in tu m o rs w ill aid the selectio n of patients that will benefit
from hypoxia m odification as part of th e ir treatm ent. It can also help in selecting patients
w ith p oo r prognosis due to the inh eren tly m ore aggressive nature of these tum ors. The
identification of tum o rs that are hypoxic can be done using vario u s m ethods. Both invasive
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and non-invasive m ethods can be used to q u an tify exogeno us as well as end ogeno us
m arkers fo r hypoxia [53]. N on-invasive im aging m etho d s that are used are positron em ission
to p ograp hy (PET) or m agnetic resonance im ag ing (M R I) (review ed in [54]). D ifferent PET
tracers like 18F -E F 1 ,18F-M IS 0 and 6o,64Cu-ATSM are used to im age hypoxia related processes
to determ in e the hyp oxic status of the w hole tu m o r [32, 54]. BOLD-M RI is an experim ental
im aging techniq ue that indirectly visualizes the p 0 2in blood vessels and surro unding tissue
[54]. Invasive m ethods are used to co llect biopsies fo r pathological grading. This m aterial can
also be used fo r the determ ination of the am ou nt of hypoxia using im m unohistochem ical
stainin g or RNA isolation. Im m unohistochem ical d eterm ination of the hypoxic fraction
in a tu m o r is fo r exam ple carried out using the e xoge no us com pound pim onid azole [53,
55]. Like ,8F-M ISO , pim onid azole is a nitroim idazo le d erivative, w hich is reduced und e r low
oxygen co nditio ns (<1% 0 2) and thereby trapped inside hypoxic cells. A m ajor d isadvantage
of pim onidazole is that it should be adm inistered to the patiënt prio r to h arvesting of the
tu m o r m aterial. Endogenous m arkers that are used are m ostly HIF1 target genes such as
CAIX, C L U T 1 and 3 and V E C F [53]. All en d og eno us m arkers used are gene or proteins that
are upregulated during hypoxia through only one of the hypoxia pathw ays [32]. Th erefo re, a
single en dog eno us m arker does not reflect true hypoxia but rather the upregulation of that
specific pathw ay. Since the activation of these p athw ays is not solely initiated by hypoxia,
m ost endogeno us m arkers do not perfectly correlate w ith the degree of hypoxia.

Tribbles hom o lo g 3
Tribbles hom olog 3 (TR IB3) is a gene that is stro ng ly upregulated during hypoxia and a
candidate protein that m ight be involved in the p atho gen esis and progression of hypoxic
tum o rs. It is one of th ree fam ily m em bers of the Tribbles hom olog protein fam ily in hum ans
[56]. Th ese prote ins are nam ed after th eir d rosophila m elanogaster hom olog Tribbles.
Tribbles w as discovered in 2000 and becam e of interest due to its role in cell division and
m igration p rocesses during em bryonic d evelop m en t [57-59]- This is also w ere Tribbles ow ns
its nam e to; it is nam ed after the rapidly dividing creature s from the Star Trek episode “The
Trouble w ith Trib b les”. The hum an Tribbles proteins share their protein structure that consist
of three m otifs; a p seud okin ase dom ain, a COP1 site and a M EK1 site [60, 61]. Th e specific
sequence of the pseudokinase dom ain is distinctive fo r the w ho le Tribbles fam ily. A ltho ugh it
has a lot of sim ilarities w ith functional kinase d om ains, it lacks several functional d o m ains and
thus fa r no kinase activity has been established [56]. The COP1 site can bind the E3 ubiquitin
ligase COP1 leadin g to ubiquitylation and proteosom al degradation of target proteins [62,
63]. Via the M EK1 site, TR IB proteins are capable of interacting w ith M APK-kinases (M A PK K)
[64]. Due to the structural sim ilarities betw een the three TR IB fam ily m em bers th ey possess
sim ilar fu n ction s, but th ey also have tissue specific and m icroenvironm ental dependent
unique roles [60, 61].
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h y p o x ia

v
Apoptose vs
cell-cycle arrest

V
Anti-apoptose

Apoptosis vs
proliferation

Proliferation

F/gure 3. Schematic overview of pathways influencing and influenced by TRIB3.

F o rT R IB 3 , interactions w ith m any cellular processes and pathw ays involved in cell survival
are found (Figure 3).
The hypoxia-induced up regulation of TR IB3 m R N A has already been m entioned previously.
This induction of TR IB3 unde r hypoxic conditions, as w ell as after other cell stresses, is
regulated through the UPR [ 6 5 , 66]. Tw o transcriptio n facto rs activated by the UPR, ATF4
and CHO P, bind to the p ro m o te r region of TR IB3 and induce its transcrip tio n. TR IB3 protein
is in turn capable of bind in g to both ATF4 and CHO P, inhib iting the transcrip tio nal activation
function of both proteins, and leading to the u biquitin-m ediated breakdow n of A TF4 [ 6 5 , 6 7 ,
68], In addition to its role in the UPR, TR IB3 exerts its effect on the insulin sign aling pathw ay
by blockin g the activation of protein kinase B (PK B/A KT) [ 6 9 - 7 2 ] . It is suggested th at this
blockade is due to the b ind in g of the pseudo-kinase dom ain of TR IB3 to the phosphorylation
site of A K T [ 7 1 ] . U sing th is m echanism , TR IB3 probably affects m any grow th facto r signaling
pathw ays activated by A KT. A d d itionally, TR IB3 expression is d ep en d en t on PI3K activation,
leading to ano th er negative fe ed b ack loop in w hich TRIB3 is involved [70, 73]. The NFkB
pathw ay constitutes an ad d itional feed b ack loop involving TR IB 3. The transcrip tio n facto r
N FkB can induce the transcrip tio n of TR IB3. Reciprocally, TR IB 3 inhibits p hosphorylatio n of
P65,

a protein th at regulate s N FkB activation [74]. The M EK1 site on TRIB3 is responsible

fo r the interactions w ith other im portant cell survival p athw ays; the M APKK pathw ays. An
association betw een TR IB3 and M EK1 and M KK7 w as found and th ereb y TRIB3 could either
act as inhibitor or activato r of the M APK sign aling dependent on the relative levels [64].
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The published putative roles of TRIB3 in all these pathw ays co ntrib ute to a broader picture
th at TRIB3 functions as a regu lato r of several im portant protein signaling kinase cascades
during cell stress, and th ereb y d eterm ines the balance betw een cell survival and cell death.
TRIB1 and TR IB2 w ere the first fam ily m em bers to be associated w ith cancer. They m ediate
the degradation of C/EBP and th ereb y prom ote acute m yeloid leukem ia [75]. A ltho ugh m ost
studies on TRI B3 fo cu s on its role in glucose m etabolism and th e reb y to the develop m ent of
diabetes [71, 76], there is em ergin g evidence that links TR IB3 to cancer progression. TRIB3
is overexpressed in several solid tum ors, w ith the w idest spread and highest levels fo und in
breast tum o rs [77, 78]. A lso m ore recently, TRIB3 m R N A has been linked w ith p oo r prognosis
in colorectal cancer patients [79]. H ow ever, TRIB3 protein expression w as show n to denote
good prognosis in head and n e ckca rcin o m as [72]. A dditionally, the link of TRIB3 w ith hypoxia
is shared w ith m any othe r p rognostic and predictive facto rs in breast cancer. Th erefo re, we
hypothesized that in breast cancer TR IB 3 m ight also have a role in pathogenesis and disease
progression. W h e th er and how TR IB3 m ight constitute a prognostic or predictive fa cto r in
breast cancer is the subject of the current thesis.
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Chapter 1

Aim and outline of this thesis
In the last decades the survival chances of breast cancer patients have increased. How ever,
breast cancer is still one of the leading causes of cancer deaths am ong w om en. To reduce the
n um ber of breast cancer deaths further there is a g reat need fo r new treatm ent strategies.
One of the strateg ie s is to target hypoxic cancer cells th a t induce a m ore m alignant phenotype
and rend er tu m o urs m ore resistance to therap ies. Patiënt treatm ent could be personalized
by iden tifyin g relevant prognostic and predictive facto rs. Better prognostic m arkers could
prevent over- or under- treatm en t of cancer patients. Furtherm ore, predictive m arkers could
help to select the right treatm ent option fo r each patiënt.
TRIB3 is a gene that is upregulated during hypoxia via the unfolded protein response
p athw ay (U PR ) and is also im portant in m any othe r cell survival pathw ays. In addition,
it is overexpressed in several solid tum ours, inclu d in g breast cancers. Aim o f this th esis is
to determ ine the clinical relevance of TR IB3 in breast cancer and to explore the pathw ays
involved in the regulation and function of TR IB3 in breast cancer cells.

O u tlin e o f this th e sis

The clinical relevance of TR IB3 m RN A in breast cancer is determ ined in chapter 2. In addition,
the kind of stresses and the pathw ays involved in the upregulation of TR IB3 m R N A are
investigated in hum an breast cancer cells. In ch ap te r 3, the expression of the BRCA1 com plex
m em ber BRE w as determ ined to explore its p rogn ostic value in breast cancer tu m o u r tissues.
Due to the role of BRCA1 and BRE in D N A -repair the p rogn ostic role of BRE in patients treated
w ith radio th erapy is fu rth er explored. Next, the p rogn ostic value fo und fo rT R IB 3 m R N A as
described in ch apter 2 is validated in ch apter 4 in an ind ependent cohort of breast cancer
patients. In these sam e tu m o ur tissues TRI B3 protein levels are m easured and related to the
prognosis of th ese patients. Furtherm ore, the co rrelation betw een TR IB3 m RN A and protein
expression is determ ined in breast cancer cells as w ell as in tu m o ur tissue. To unravel the
fun ction al relevance of TRIB3 for survival und e r low oxygen, hypoxic, conditions siRN Am ediated TR IB3 knockdow n breast cancer cells w ere used. The correlation b etw een TRIB3
m R N A and protein of TR IB 3 is fu rth er explored in ch ap te r 5 of this thesis. Protein degradation
o f TR IB3 th rou gh both proteasom al degradation and autop h agy is investigated. A d d itionally,
the translation al efficiency of TRIB3 and the role of m iR N A 24 herein are d eterm in ed . In
chapter 6, kinase sign allin g pathw ays th at are potentially responsible fo r the effect of
TRIB3 on cell survival under hypoxic co nditio ns describ ed in chapter 4 are exp lo red . U sing
a p hosphokinase antib o d y array w e identify kinases of w hich the expression levels of their
ph osphorylated fo rm s are altered by hypoxia. Furtherm ore, the effect of TRIB3 knockdow n
on these ch an ges is determ ined. O f the proteins identified, pA KT is studied in m ore detail
studying its localisation in hum an breast tu m o u r tissu e and by d eterm ining its clinical value.
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All results described in this thesis are sum m arised in ch apter 7. In chapter 8 the results
described in this thesis are d iscussed and th e ir relevance in future p rospective is addressed.

8

23

Tribbles homolog 3 denotes a poor
prognosis in breast cancer and is involved
in hypoxia response

Marloes Wennemers, Johan Bussink, Blanca Scheijen, Iris D Nagtegaal,
Hanneke WM van Laarhoven, James A Raleigh, Mahesh A Varia,
Joop JTM Heuvel, Kasper M Rouschop, Fred CGJ Sweep and Paul N Span

B re a st C a n c e r R ese arch . 20 11 A u g u st 24; 13 (4 ): R 82.

Chapter2

Abstract
Introduction: Hypoxia in solid tum ors is associated w ith treatm e n t resistance, resulting in
poor prognosis. Tribbles hom olog 3 (TR IB3) is induced during hypoxia and is involved in
m ultiple cellular pathw ays involved in cell survival. Here, w e investigated the role of TRIB3 in
breast cancer.
M ethods: TRIB3 m R N A expression w as m easured in breast tu m o r tissue from 247 patients
and correlated w ith clinicopathological p aram eters and clinical outcom e. Furtherm ore, w e
studied TRIB3 expressio n regulation in cell lines, xenografts tissues and hum an breast cancer
m aterial using Reverse transcrip tase, q uantitative p olym erase chain reaction (R T-q P CR ) and
im m uno histochem ical staining. Finally, the effect of sm all interfering RNA (siRN A ) m ediated
TRIB3 knockdow n on hypoxia tolerance w as assessed.
Results: Breast cancer patients w ith low , interm ediate or high TR/B3 expression exhibited
a m ean disease free survival (D FS) of 80 (95% confidence interval [Cl] = 74 to 86), 74 (Cl =
67 to 81), and 63 (Cl = 55 to 71) m onths respectively (P = .002, M antel-Cox log-rank). The
prognostic value of TRIB3 w as lim ited to those patients th a t had received rad io therap y as
part of th eir prim ary treatm en t (n = 179, P = .005) and rem ained statistically significant after
correction fo r othe r clinicop atho lo gical p aram eters (DFS, Hazard Ratio = 1.90, Cl = 1.17 to 3.08,
P = .009). In breast cell lines TR/B3 expression w as induced by h ypoxia, nutriënt starvation,
and endop lasm ic reticulum stress in an hypoxia ind ucible facto r 1 (H IF-1) ind ependent m anner.
TR/B3 induction after hypoxia did not increase w ith decreasing oxygen levels. In breast tu m o r
xeno grafts and hum an breast cancer tissues TR IB3 co -localized w ith the hypoxic cell m arker
pim onidazole. The ind uction of TRIB3 by hypoxia w as show n to be regulated via the PERK/
A TF4/C H O P pathw ay of the unfolded protein response and knockdow n of TRIB3 resulted in a
d o se-depen dent increase in hypoxia sensitivity.
Co nclusions: TRIB3 is ind ep end en tly associated w ith poor prognosis of breast cancer patients,
possibly through its association w ith tu m o r cell hypoxia.
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Introduction
The accelerated grow th and erratic angio gen esis of solid tum o rs induce a lack of oxygen and
nutrients in parts of the tu m o r that are distal to functional blood vessels. This is know n to
have im portant rep ercu ssio ns fo r treatm en t sensitivity and prognosis of cancer patients [1-3].
Variatio n in the duration and severity of hyp oxic stress d ifferentially activates different “do
or d ie” program s and leads to substantial phenotypic variations am ongst otherw ise identical
tu m o r cells. Best know n in this p erspective is the H yp oxia-ln d ucib le Factor 1 (H IF-1) pathw ay,
w hich is induced d u rin g hypoxia and has often been associated w ith poor prognosis in solid
tum o rs includ ing breast cancer [4-6]. Under m ore anoxic co nd itio ns ano th er hypoxia-related
program is activated, that is the unfolded protein response (U PR ) [7], w hich results from
endoplasm ic reticulum (ER ) stress caused by m isfold ing of proteins in the ER. O ne of the
m echanism s th a t are activated by the UPR is autophagy [8], w hich can te m p o rarily relieve
ER stress by reutilization of cellular co m ponents. ER stress-ind uced expression of activating
transcriptio n fa cto r 4 (A TF4) and CH O P (C/EB P hom ologous p rotein) also leads to transcription
of Tribbles hom olog 3 (TR IB 3) [9]. TR IB3 is know n to inh ib it ph osp h orylatio n of A KT/protein
kinase B (AKT) [10]. A K T is a p ho sp h o ino sitid e-d e pe nd en t serine/threon in e protein kinase
th at plays a critical role in the signal transduction of grow th fa cto r receptors. Furtherm ore,
TRIB3 has been described to have a role in the m itogen activated protein kinase (M A PK)
pathw ay [11] and n uclear fa cto r (N F) k B activated apoptosis [7]. H ow ever, the literature is
not conclusive on the role of TRIB3 in cell fate; it has been described to have pro-apoptotic
[9] as w ell as anti-ap o p to tic features [12]. TR IB3 is stro ngly upregulated by hypoxia, nutriënt
starvatio n and ER stress-in d u cin g agents [13-15] and has been im plicated in ER stress-induced
autoph agy [16]. Interestingly, TR IB3 w as show n to be upregulated com pared w ith norm al
tissue in tum o rs of the hum an lung, colon, and breast [ 1 4 ,1 7 ,1 8 ].
W e hypothesized th at TR IB3 could be relevant fo r breast can cer prognosis, because in
breast cancer, several ER stress, UPR, and /or h ypoxia-asso ciated m arkers have been found
to be related to prognosis [19-22]. Furtherm ore, the invo lvem en t of TR IB3 in the other
pathw ays described above m akes it m ore interesting than othe r proteins in the UPR and
other hypoxia pathw ays, because, fo r exam ple, the grow th fa cto r receptor-induced
ph osph orylatio n cascad es are also know n to be relevant fo r breast cancer treatm en t [23].
W e hypothesized th at TR IB3 could be an im p ortant protein by d eterm in ing the tu m o r cell
fate under stressed co nd itio ns. To this end, TRIB3 m RN A expressio n levels w ere correlated
w ith disease characteristics and patiënt survival in a large breast cancer patiënt cohort.
In addition, we determ in ed if TRIB3 expression could be induced in breast cancer cells by
a variety of stresso rs, and w e assessed the expressio n and localization of TR IB3 in breast
cancer xeno grafts and p atiënt tissues. Finally, w e determ ined the effect of TR/B3 knockdow n
on the hypoxia resp onse of breast cancer cells.

27

Chapter 2

Materials and methods
Patiënt sam ples
Coded tu m o r tissues w ere used in accord ance w ith the Code of Cond uct of the Federation
of M edical Scientific Societies in the N etherlands (‘Code fo r Proper Secondary Use of
H um an Tissu e in the N etherlands’ [24]). Th e study adhered to all relevant institutional and
national guidelines, and w as reported accord in g to REM ARK guidelines [25]. A series of 247
patients w ith unilateral, resectable breast cancer w ho had undergone resection of their
p rim ary tu m o r betw een N ovem ber 1987 and D ecem ber 1997 w ere selected based on the
availab ility of frozen tissue in the tu m o r b ank of the D epartm ent of Laboratory M edicine of
the Radboud U niversity Nijm egen M edical Centre. This bank contains frozen tu m o r tissue
fro m breast cancer patients of seven different hospitals of the C om prehensive C an cer Centre
East in the N etherlands. The patients, inclusion and exclusion criteria, and th e ir treatm ent
have been described earlier [26]. To sum m arize, the m edian age w as 59 years (range 31 to 88
years). Patients had undergone m odified radical m astectom y (n = 178) or a b reast-co nservin g
lum pectom y (n = 69). Postoperative rad io th erap y to the breast after an incom plete resection
or after breast-co nserving treatm ent, or parasternal rad io therap y w hen the tu m o r was
m edially localized, had been adm inistered to 179 patients. A d ju vant system ic th erap ies w ere
given alm ost exclusively to the 128 patients w ith lym ph node involvem ent, according to
Standard practice at th at tim e [26]. D uring fo llow up, 95 patients experienced a recurrence,
eith er local or distant. A representative part of each tu m o r w as m acrosco pically selected by a
patho logist. The m aterial w as frozen in liquid nitrogen and determ ination of estrogen receptor
and progesterone recep tor status w as p erform ed by ligand binding assay accord in g to the
dextran-charcoal m ethod [27]. A liquots of tissue w ere pulverized using a m icrod ism em b rator
(B raun, M elsungen, G erm any) and kept in liquid nitrogen until RNA isolation.
To obtain patiënt m aterial co ntaining the exogeno us hypoxia m arker pim onidazole, patients
w ith new ly diagnosed breast cancer w ere enrolled in the period 1997 to 1999 in a tum o r
hypoxia study in accordance w ith a research protocol approved by the Institutional Review
Board at the U niversity of North Carolina H ospitals. The patients provided signed inform ed
co nsen t prio r to th e ir participation in the study. Prior to tu m o r biopsy, patients received an
intraven ous infusion of pim onidazole hyd rochlorid e (0.5 g /m 2, H ypoxyprobe-1™ , NPI Inc,
B elm ont, M A, USA) diluted in 100 ml NaCI 0.9% fo r 20 m inutes. Betw een 16 to 24 hours later,
biopsies w ere obtained from prim ary tu m o rs. A fter biopsy, fresh tu m o r sam ples w ere placed
in cold 10% neutral bufFered form alin, held at 4 °C f o r i2 to 24 hours, and processed into paraffin
b locks. Four pm th ick sections w ere sectioned and m ounted on glass slides in p reparation for
im m uno histoch em ical staining. One slide per b lock w as stained w ith hem atoxylin and eosin
fo r pathologie review to confirm the p resence of tum or. Based on the hypoxia sco rin g of the
tu m o rs according to a calibrated scoring system [28] three tum ors w ith a high p ercentage of
h ypoxia (>15% of the viable area) w ere chosen fo r analysis of TRI B3 expression.
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X enograft tissue
X en og rafts of M DA -M B-231 cells w e re obtained after subcutaneo us injection of ix io 6 cells
suspended in RPM I (M P Biom edicals, lllkirch, France) in six-w eek-old fem ale athym ic mice
(B A LB /c nu/nu, B on ho ld C ard , D enm ark). A nim al housing and exp erim ental p roced ures w ere
in accordance w ith international guid elines and approved by the local ethical co m m ittee for
anim al use, respectively. A t a m ean tu m o r d iam eter of 6 to 8 mm at app ro xim ately six w eeks
a fter seeding th a t tim e m ice w ere injected intravenously w ith 0.1 ml of 0.9% NaCI containing
2 m g of the hypoxic cell m arker p im on id azole hydrochloride (i-((2-h yd ro x y-3-p ip e rid in yl)
p ro pyl)-2-n itroim idazole hyd roch lorid e, N atural Pharm aceuticals, Inc., Research Triangle
Park, NC, USA) 60 m inutes before h arvestin g the tum ors. Pim onidazole is a bioreductive
chem ical probe w ith an im m u no -reco g nizab le side chain, w hich w as d escribed previously as a
m arker fo r hypoxia [29-31]. The anim als w ere killed by cervical dislocation and the harvested
xeno graft tissues w ere im m ed iately frozen in liquid nitrogen.
Cell lines
M CF7 and M DA -M B-231 (ATCC, LCC Prom ochem , London, UK) hum an breast cancer cells
w ere c u ltu re d fo r a lim ite d n u m b e r of passages in S tan d ard c u ltu re m edium ((D M EM , MP
Biom edicals, A m sterdam , the N etherlands) w ith 10% dialyzed FCS (Invitro gen , Breda, the
N etherlands), 2 m M L-glutam ine, 20 mM HEPES, 10 U/ml penicillin, 10 ng/m l streptom ycin,
and nonessential am ino acids (N EA A , M P Biom edicals)) at 37°C w ith 5% CO ,, unless stated
otherw ise. K nockdow n of TR/B3 w as p erform ed using siR N A transfectio n reagent SAINTRED (Synvolux Th erap eu tics BV, G ron in gen , the N etherlands). siR N A s M ISSION® siRN A
U niversal N egative Control #1 (SIC001), TR IB 3 (1) (S A S I_ H so i_ o o i9 7 5 io ) and TR IB3 (2) (SA SI_
H s o i_ o o i9 7 5 n ) w ere acquired from Sigm a-A ldrich (St. Louis, M O, USA). Th e knockdow n of
H IF -ia , PRKR-like en dop lasm ic reticulum kinase (PER K), in o sito l-req u irin g 1 (IR E1), activating
transcriptio n fa cto r 6 (ATF6), ATF4 and CH O P w as perform ed in M CF7 cells as described
p revio usly fo r HCT116 cells [32].
Detection of RNA
Total RNA was isolated w ith the RN easy RN A isolation kit (Q iagen, Hilden, C e rm an y) w ith
on-colum n DNAse treatm en t. For the reverse transcrip tase q uan titative PCR (R T-qPCR )
R everse Transcription System from Prom ega Benelux B.V. (Leiden, the N etherlands) was
used and cD N As w ere am plified w ith sp ecific prim ers (TRIB3 fo rw ard : att agg cag ggt ctg
tcc tgt g, reverse: agt atg gac ctg gga ttg tg g a; VECF forw ard: ccg cag acg tgt aaa tgt tcc t,
reverse:cg g ctt gtc aca tct gca agt a; PAI-1 fo rw ard :g gc cat gga aca agg atg aga, reverse:gac
cag ctt cag atc ccg ct; CA/X fo rw ard :g ag gcc tg g ccg tgt tg, reverse:aat cgc tga gga agg ctc ag;
M l F fo rw ard :cag ccc gga cag ggt cta c, re verse:tct tag gcg aag gtg gag ttg; ATF4 fo rw ard : cct
tca cct tct tac aac c, reverse: gta gtc tg g ctt cct atc t; GRP78/B1P fo rw ard :tct atg aag gtg aaa
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gac cc, re v e rse x tg tca ctc gaa gaa tac ca) using Sybr Green M aster M ix (A pplied Biosystem s,
N ieuw erkerk a/d IJssel, the N etherlands) on an ABI Prism 7700 Seq u ence d etection system
(Applied Biosystem s, N ieuw erkerk a/d IJssel, the N etherlands). All sam ples w ere norm alized
fo r levels of h yp oxan thin e-gu anin e phosp horib o syltransferase (H PR T) exp ressio n. In the
experim ent in w hich the p athw ays involved in TR IB3 regulation w ere determ ined, RNA was
reverse-transcribed using l-Script (Bio-Rad Laboratories BV, V eenendaal, the N etherlands).
Furtherm ore, these sam ples w ere norm alized to 18S rRNA.
Detection of protein
Protein localization o f TR IB 3 and other relevant proteins or m arkers in xeno graft and hum an
breast cancer tissue w as determ ined using im m uno histochem ical staining. The frozen
xenografts or frozen tu m o r tissues w ere sectioned at 5 ^im th ickn ess after em b ed d in g in
Tissue-Tek (Sakura Finetek Europe, Zoeterw oude, the N etherlands). Sections w ere m ounted
on poly-L-Lysine coated m icroscop ic slides (M enzel, B raunschw eig, Germ any), fixated in
acetone and rehydrated in 0.1 M phosphate buffered saline pH 7.4 (P B S, K linipath, Duiven,
the N etherlands). Betw een all antibody incubations, sections w ere rinsed three tim es in PBS
(K linipath, Duiven, the N etherlands). The fo llo w in g prim ary antib o d ies w ere dissolved in
prim ary antibo dy diluent (PAD, AbD serotec, O xford, UK) and stained w ith th e appropriate
labeled seco ndary antib o dies; rabbit-anti-TR IB3 (Calbiochem , San Diego, CA, USA), PAL-E for
blood vessels in hum an tissue (Euro D iagnostica, A rnhem , the N etherlands), rat m onoclonal
against m ouse en d otheliu m (9F1, kind gift from Dr. G. van M uijen of the D epartm ent of
Pathology, Radboud U niversity Nijm egen M edical Centre, N ijm egen, the N etherlands), and
rab b it-an ti-pim o nid azo le fo r hypoxic regions in xeno graft tissue. Slides w ere enclosed using
Fluorostab (ICN pharm aceuticals, Inc. Zoeterm eer, the N etherlands). Paraffin em bedded
breast tissue sections (4 (im ) w ere deparaffinized and re-hydrated in histosafe (Klinipath,
Duiven, the N etherlands) and graded alcohols (i0 0 % -g 6 %-70 % ). For antigen retrieval, slides
w ere heated (9 0 °C ) in 10 mM citrate buffer pH 6.0 (D A KO , Glostrup, D enm ark). Endogenous
peroxidase w as blocked w ith 3% H20 , in m ethanol before the incubation w ith p olyclonal rabbitanti-TRIB3 (N ovus B iologicals, Cam bridge, UK) or rab b it-anti-p im o nid azo le . Subsequently,
slides w ere incubated w ith Pow ervision (Lab Vision Products, Therm o Fisher Scientific,
C heshire, UK) and visualizatio n of peroxidase w as perform ed using Pow erD A B (Lab Vision
Products, Th erm o Fisher Scientific, Cheshire, UK). A counterstain w ith h em atoxylin (K linipath,
Duiven, the N etherlands) w as perform ed before dehydration and m ounting using Perm ount
(Therm o Fisher Scientific, Cheshire, UK).
A ll m icroscop ic im ages w ere acquired using IP-Lab fo r M acintosh softw are (Scanalytics
Inc., Fairfax, VA, USA) in com bination w ith a m onochrom e CCD cam era (R etiga SRV, 1392 x
1040 pixels) and a RGB filte r (Slid er M odule; Q lm ag in g, Burnaby, BC, Canada) attached to a
m otorized m icroscope (Leica DM 6000, W etzlar, G erm any). For com parison betw een TRIB3

3°

Tribbles homolog 3 denotes a poor prognosis in breast cancer and is involved in hypoxia response

and p im on idazole expression, w ho le tu m o r sections w ere scanned w ith a io x objective at
io o x m agnification [33]. The ind ividual colors (D A B (brow n) and h em atoxylin (blue) signals)
w ere extracted and unm ixed from the bright field s im ages [33].
Tre atm en t of cells
For ano xia experim ents, treatm en ts included addition of 1.2 U/ml oxyrase (O xyrase, Inc.,
M ansfield, OH, USA), a reagent th at rem oves all oxygen from culture m edium [34, 35] or
100 pM C o CI2 (Sigm a, Zw ijnd recht, the N etherlands), a hypoxia m im etic, to the Standard
culture m edium . The effect of CoCI2 on H IF -ia protein levels stab ilization w as confirm ed by
perfo rm in g a Standard w estern blot analysis [36] w ith m inor ad ju stm ents using m ouse antiHIF-icc (B D Biosciences, Erem bodegem , Belgium ) antibo dy and the effect on HIF-1 activity by
m easurin g CAIX expression on m R N A level.
For less than 0.01% 0 2 exposure, M CF7 cells w ere transferred to a hypoxic culture cham b er
(M A CS VA500 m icroaerop hilic w o rkstation , Don W hitley Scientific, W est Yorkshire, UK) as
described previously [32].
For 0.1% to 0.5% 0 2 exposure M DA -M B-231 cells w ere transferred to a hypoxic culture cham b er
(H 35 h ypoxystation , Don W hitley Scientific, W est Yorkshire, UK).
In n utriën t starvation experim ents, eith er glucose-free DM EM includ ing the sam e additions
as the Standard culture m edium , or the Standard culture m edium in w hich the NEAA w ere
om itted, w ere used. To induce ER-stress, 0.5 pM th apsigargin (Sigm a, Zw ijndrecht, the
N etherlands) w as added to the Standard culture m edium .
Cell p ro liferation assay
To m easure cell survival w e used the C e llT ite r g6r A Q'u e o u s One Solution Cell Proliferation AssayJ
(M TS, Prom ega Benelux BV, Leiden, the N etherlands). A ssays w ere perform ed in a 96-w ell
plate fo rm a t in w hich cells w ere transfected w ith siRN A 24 hours after seeding. Treatm ent
started 24 hours after transfectio n. D irectly after treatm ent fo r 48 hours 20 pl of M TS solution
w as added to 100 pl cell culture m edium p er w ell. A fter three hours o f incubation w ith MTS
a bso rban ce at 492 nm w as m easured using a M ultiskan A sce n t Photom etric plate reader
(Lab sytem s, Helsinki, Finland).

Statistical analyses
Statistical analyses w ere carried out using SPSS 10.0.5 softw are (SPSS B enelux BV, Gorinchem ,
the N etherlands). N o rm ality o f distribution of variables w as tested using K olm ogo rov-Sm irnov
testing . D ifferences in TRIB3 expression in cells w ith different tre atm e n ts w ere evaluated
using analysis of variance (A N O VA ) and po st-h o c Tukey’s te sting . Differences in levels of
TRIB3 expression in sam ples from patients categorized by clinicop atho lo gical characteristics,
used as gro u p in g variab les, w ere assessed w ith non-p aram etric M an n-W h itn ey U te sts (for
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tw o groups) or w ith Kruskall-W allis tests (fo r m ore than tw o groups) w here appropriate.
N on-param etric co rrelations w ere established using Spearm an Rank correlation testing.
Disease free survival (D FS) tim e (defïned as the tim e from surg ery until diagnosis of recurrent
or m etastatic disease) and overall survival (O S) tim e (defïned as the tim e betw een date of
surgery and death by any cause) w ere used as fo llow -u p endpoints. Survival curves w ere
generated using the m ethod of Kaplan and M eier, after patients w ere categorized by TRIB3
expression in eith er tw o or three equally sized groups, thus either at the p50, or at the P33
and p66. Equality of survival distributions w as tested using log-rank testing, w ith M antelCox test fo r trend w hen m ore than tw o groups w ere analyzed, and using Cox univariate
and m ultivariable regression analyses. Variab les w ere selected fo r the m ultivariable survival
analyses by backw ard stepw ise selection, w ith rem oval te stin g based on the p rob ab ility of
the likelihood-ratio statistic, at a P >o .io. Tw o-sided P-values below 0.05 w ere co nsidered to
be statistically significant. Cases w ith m ore than 96 m onths of fo llo w up w ere censored at
96 m onths, because of the rapidly d eclining n um b er of patients thereafter, although data
on som e patients w as available for up to 169 m onths after prim ary surgery. Th is censoring
w as done because after a certain period of ob servation patients are freq uently redirected
to their general p ractition er fo r checkups and m am m o graph y and cease to be am on g the
outpatients of th e breast cancer clinics. Further inclusion of the sm all rem aining group s in
statistical analyses w ould be non-inform ative. A d d ition ally, the data m et the proportional
hazard assum p tio n, and hazard ratios did not change o ve r tim e.

Results
TRIB3 m RN A association w ith a poor p rognosis in hum an breast cancer
To investigate w h e th e r the variation in TRIB3 expressio n is relevant fo r prognosis in breast
cancer, TR/B3 m R N A levels w ere m easured in 247 tu m o r sam ples from breast cancer
patients. The TRIB3 levels w ere log-norm ally distributed am on g the patiënt sam ples, w ith
26 of 247 (10 .5%) sam ples in w hich TRIB3 levels w ere not detectable. TRIB3 levels show ed no
association w ith m ost clinicopathological characteristics (Table 1). TRIB3 m RN A levels w ere
only significantly different in tum ors that w ere not of ductal or lobular histology.
W hen the patients w ere divided into three equally sized group s based on the level of TRIB3
m R N A in the p rim ary tu m o r the group w ith the low est am ount of TRIB3 expressio n had a
m ean DFS of 80 m onths (95% confidence interval (C l) = 74 to 86 m onths), w hereas the group
w ith an average am ount of TRIB3 had a m ean DFS of 74 m onths (95% Cl = 67 to 81 m onths) and
the group w ith high levels of TRIB3 had a m ean DFS of 63 m onths (95% Cl = 55 to 71 m onths;
P =0.002, Figure 1a).
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Table 1. Associations o f TR/B3 expression levels w ith clinicopathological factors.
Variable
Age (years)
<50
*50
Menopausal status
Premenopausal
Postmenopausal

n = 247a

Median
(*10'3TRIB3/HPRT)

Interquartile range
(*10~3 TRIB3/HPRT)

58
189

8.6

36
26

65
182

9-4
6.6

34

31
18

6.6

27

P

0 -456b

0.500b

Nodal category
Negative

100

9.0

<4 nodes

79

>4 nodes

39

4-7
16

46

0 .0571

Tum or type
Ductal

146

8.6

35

Lobular

28

Other (m ixed/unknown)
Tum or size

73

13
2-7

25
18

61

5-2

28

135

7-1
6.9

34
22

5-1
6.4

36

8.5

31

pTi
pT2
PT3/4
Histological grade

47

1

11

II

70
88

III

o.oo7c

o .6i6 c

17
0.729'

Estrogen receptor (fm ol/m g protein)
<10

84
159

7-2
3.8

30

>10

103
141

7-1
6.6

32

27

o.895b

Progestrone receptor (fm ol/m g protein)
<10
210

23

o.663b

0Due to m issing values, numbers do not always add up to 247.
bP for M ann-W hitney U test.
cP fo r Kruskal-Wallis test.
HPRT, hypoxanthine-guanine phosphoribosyltransferase;
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Patients w ith the low est am ount of TRIB3 expression had a m ean OS of 91 m onths (95% Cl
= 88 to 94 m onths), w hereas those w ith an interm ediate am ount of TRIB3 had a m ean OS
o f 83 m onths (95% Cl = 77 to 89 m onths) and th ose w ith high levels of TRIB3 had a m ean OS
o f 74 m onths (95% Cl = 67 to 80 m onths; P co .o o i, Figure 1b). Sim ilar differences w ere found
a fter division of the patients in tw o equal groups (DFS: hazard ratio (H R ) = 2.15, 95% Cl = 1.39
to 3.31, P <o .oo i; OS: HR = 3.48, 95% Cl = 2.00 to 6.06, P < o .oo i; Table 2), and w hen TRIB3 w as
entered as a continuous fa cto r after log-no rm alization in a univariate Cox regression analysis
(not show n). In m ultivariate Cox regression analyses, TRIB3 rem ained statistically significantly
associated w ith both DFS and OS after correction fo r other clinicop atho lo gical p aram eters
(Table 2).
In exploratory subgroup analyses, w e found that the prognostic value of TRIB3 m RN A
expression w as lim ited to those patients receiving radiotherapy as part of th eir prim ary
treatm ent. In those patients that had a m astectom y w itho ut fu rth er radiotherapy, no relation
betw een TRIB3 and DFS w as seen (P = 0.719, n = 67, Figure 1c). Postoperative rad io th erap y
w as given to 179 patients (to the breast after an incom plete resection or a fter breastco nserving treatm en t, or parasternal rad io therap y w hen the tu m o r w as m edially localized).
In this group, TRIB3 w as highly significantly associated w ith DFS (P = 0.005, n = 1 79 > Figure id ).
W e did not find a correlation betw een TRIB3 m R N A expression and local / regional or distant
control in the radio therap y treated group (P = 0.13, P = 0.11 and P = 0.17 respectively), neither
in the group not treated w ith rad io therap y (P = 0.91 P = 0.75 and P = 0.84, respectively).
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TRIB3 mRNA levels

<33% ..........

A

>66% ■

33- 66% B

Disease free survival n = 274

24

48

72

m onths after surgery

Patients at risk

Overall survival n = 274

m onths after s u rg e ry

Patients at risk

TRIB3 <33%

82

TRIB3 <33%

82

TRIB3 33-66%

82

TRIB3 33-66%

82

TRIB3 --66%

83

TRIB3 •-66%

83

Disease free survival
patients without radiotherapy n =

Disease free survival
patients with radiotherapy n = 179

P = .005
m onths after surgery

Patients at risk

m onths after surgery

Patients at risk

TRIB3 <33%

20

17

15

TRIB3 33-66%

25

19

16

T R IB 3 -66%

22

12

TR1B3 <33%

62

TRIB3 33-66%

56

TRIB3 >66%

61

56

Figure 1. TRIB3 expression is associated w ith poor prognosis in breast cancer. Patients where divided
into three groups based on their TRIB3 mRNA levels; less than 33% (dotted line), 33% to 66% (dashed line)
and more than 66% (solid line). Kaplan-M eier plots of(a) disease-free survival (DFS; P = 0.002) and (b) overall
survival (OS; P<o. 001) in breast cancer patients (n = 274) and DFS (c) in patients with mastectom y without
further radiotherapy (n = 67, P = 0.719) and (d) in patients that received postoperative radiotherapy (n =
179, P = 0.003).
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Table 2 . Cox uni- and m ultivariate analyses of disease-free survival (DFS) and overall survival (OS) in all patients (n =
DFS
Factor
Age (years)

Univariate analysis
P-value
HR (95% Cl)a

> 70 vs. £40
Menopausal status
Post-vs. premenopausal

0.024

Tum or size

0.006

O.53 (0.27-1.06)

0.30 (0.13-0.69)

0.20 (0.07-0.55)

0-93 (0.38
0.89(0.33
0.255
0.73 (0.42

0.023

0.111
1.59 (0.822.23 (1.04-

2.36 (1.20-4.65)
2.87 (1.30-6.37)
0.768

1.38(0.321.76 (0.42-

2.80 (0.68-11.6)
0.001

0.005

0.013
1.41 (0.81-2.44)

1.51 (0.89-2.56)
3.29(1.84-5-88)

^4 vs. node-negative

1.39 (0.733.32(1.6 7-

2.63 (1.38-5.00)
0.845

0.245

0.95(0.55

0.77(0.50-1.19)
0.650

0.431

0.89(0.53

0.84(0.55-1.29)

Positive vs. negative
TRIB3
H ighervs. low erthan median

1.10 (0.44-

0.58 (0.31-1.12)

1.54(0.36-6.58)

1-3 vs. node-negative

Positive vs. negative
Progestrone receptor statusb

0.38 (0.18-0.79)

0.091

II vs. I
III vs. I

Estrogen receptor statusb

0-939

0.59(0.30-1.17)

2.15 (1.17-3-95)
2.81 (1.40-5.62)

PT3+4 vs. pTl

Number of involved lymph nodes

Univariate analysi
H R (95%

P-value

0.77(0.61-0.96)

pT2 vs. pTi
Histological grade

0.008

0.036

41-55 vs. <40
56-70 vs. S40

Multivariate analysis
P-value
H R (95% C I)a

<0.001

“ Hazard ratio (95% confidence interval (Cl))
b positive defined as >10 fm ol/m g protein

<0.001

0.009
2-15 0 -39-3-31)

1.90 (1.17-3.08)

3.48 (2.00'
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TRIB3 m RN A is induced by a variety of stresses
To test the effect o f different stresses on TR IB3 m RN A expression w e used the estrogen
recep tor positive M CF7 and estrogen recep tor negative M DA-M B-231 breast cancer cells.
A no xia exposure w as p erform ed using oxyrase, HIF-1 protein w as stabilized using CoCI,, ER
stress w as induced by tre atin g the cells w ith 0.5 pM th apsig argin (an inhib ito r of endoplasm ic
reticular Ca2V \T P a s e ), and n utriënt starvation w as achieved by deprivation of the m edium
from either g lu cose o r NEAA. A fter different incubation periods TRIB3 m RN A levels
w ere m easured by R T-qPCR. Figure 2a show s the results of 24 hours of incubation. TRIB3
expression w as increased in breast cancer cells after 24 hours of anoxia (P<0.05, Figure 2a).
How ever, incubatio n w ith CoCI2, w hich indeed stabilized H IF ia protein confirm ed by w estern
blot (see insert in Figure 2a) and induced H IFi-d ep en d e n t transcription m easured by CAIX
m R N A expressio n (fold induction ranging from 1.3 to 4.3 fo r M DA-M B-231 and 35.7 to 65.4
fo r M CF7 cells) did not induce TR/B3 m RN A. Th ap sig argin induced a significant increase in
TRIB3 m RN A levels w ithin tw o hours, w hich w as fu rth e r extended after up to 24 hours of
incubation (P<0.01, Figure 2a). A fte r M CF7 cells w ere starved fo r glucose fo r 24 hours, TRIB3
expression w as sign ificantly increased (P<0.01, Figure 2a). A fte r om ission o f N EAA from the
grow th m edium , a statistically significant increase in TRIB3 m R N A w as detected at 48 hours
(P < o .o i, data not show n).
TRIB 3 induction by hyp oxia in breast can cer cells, xen o grafts and breast cancer tissues
To specify the oxygen d ep en d en ce of TRIB3 up-regulation M DA -M B-231 cells w ere cultured
u nder co ntro lled oxygen co ncentratio ns of 0.1, 0.2, and 0.5%. A tim e dep end ent up-regulation
of TRIB3 m RN A co m pared w ith H PR T w as seen at all tested oxygen te nsio n s after 24 hours.
M ore severe oxygen deprivation does not lead to a higher induction of TR/B3 com pared with
interm ediate hypoxia (Figure 2b).
Next, to assess w h e th e r the oxygen depen d en ce of TRIB3 expression could also be observed
in tissues, frozen sections of M DA -M B-231 hum an breast cancer cell xeno grafts grow n on nude
m ice w ere triple stained w ith fluorescent anti-p im onid azole, anti-TR IB3, and anti-end othelial
antibodies. TR IB 3 stainin g w as sp ecifically seen in the hypoxic regions of the tum or, distant
from the blood vessels (Figu re 2c).
Next, w e assessed TR IB3 stainin g in breast cancer tissue from three patients th at had received
pim onidazole prio r to biopsy. In all three tu m o r tissues, large pim on id azole positive hypoxic
areas w ere fo und, often around necrotic cores. TRIB3 w as alm o st exclusively expressed in
these hypoxic areas (Figu re 3). Excellent co -localization w as seen betw een pim onidazole
and TRIB3 w ithin the sam e regions at h ig her m agnification (Figures 3c to e). Thus, in hum an
breast cancer tissues, TR IB3 is up-regulated in hypoxic regions of the tum or, sim ilar to that
seen in xeno graft sam ples show n above.

37

Chapter 2

18
16
14

12

□
□
□
■

(22.4)
CoCI2
oxyrase
thapsigargine
glucose starvation

10
8

Normoxia CoCI2

6

4
2

0
MCF-7

MDA-MB-231

pim onidazole

incubation time (hours)

TRIB3

merge

pimonidazole
T R IB 3

vessels
Figure 2. TRIB3 is induced by cell stress and is expressed in hypoxic areas. (a) Fold induction of TRIB3
mRNA expression (mean + Standard deviation (SD)) after 24 hours incubation with hypoxia mimetic
(CoCI2, inhibitor of the degradation of HIF-1, see insert), anoxia (oxyrase), estrogen receptor (ER) stress
(thapsigargin) or nutriënt starvation in the ER positive M CFy and the ER negative MDA-MB-231 cell lines.
Each measurement was perform ed at least in triplicate. (b) Fold induction of TRIB3 mRNA expression (mean
+ SD) after incubation of MDA-MB-231 cells at increasing oxygen concentrations (oxyrase (~o%), 0.1%, 0.2%
and 0.5% oxygen) compared with normoxia. Each measurement was perform ed at least in triplicate. (c)
Tripie fluorescent staining in two different xenografts of MDA-MB-231 cells for TRIB3 (red), pim onidazole
(green), and 9F1 (blue) showing colocalization of TRB3 and hypoxia, distal from blood vessels.
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A

Pimonidazole

B

TR IB 3

Figure 3. TRIB3 colocalizes with pim onidazole in human breast cancer tissue. Results after linear
unmixing of scanned images from imm unohistochem ical stainings of (a) pim onidazole (DAB, brown) and
(b) TRIB3 (DAB, brown), and single images from im m unohistochem ical stainings at w ox magnification of
(c) pim onidazole (DAB, brown), (d) TRIB3 (DAB, brown) and (e) hematoxylin (blue), in human breast cancer
tissue. See m ethods for details of unm ixing and scanning.

TRIB3 is induced throu gh the unfolded p rotein response via PERK, A TF4 and CHOP
Tum o r cells respond to oxygen deprivation by, am ong others, stabilization of HIF-1 and
activation of th e UPR, w hich consists of three parallel pathw ays (PERK, IRE1, and A TF6) [8,
37]. To assess th rou gh w hich of these pathw ays TRIB3 is up-regulated after anoxia, TRIB3
m RN A levels w ere m easured in M CF7 cells in w hich the different pathw ays w ere silenced
by gene knockdow n [32]. For all genes used an effïcient knockdow n fo r th at specifïc gene
w as seen (Figu re 4a). In the control cells, TRIB3 m RN A w as stro ng ly induced after culturing
under anoxic co nd itio ns (<0.01% 0 ;; Figure 4b). K nockdow n of HI F -ia did not alter the anoxia
induction of TRIB3 expression at any tim e point, w hich is in line w ith our results in breast
cancer cells a fter CoCI2 incubation. ATF6 or IRE1 knockdow n also did not have an efFect on
the ano xia-indu ced up-regulation of TRIB3. In contrast, knockdow n of PERK, A TF4 or CHO P
co m pletely inhibited the up-regulation of TRIB3 (P <o.o i).
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TRIB 3 m R N A expression is not a hypoxia m arker
Expression levels of othe r hypoxia and U PR -associated genes w ere also determ ined in the
breast cancer patiënt cohort. No correlation b etw een TRIB3 m R N A expression and the
hypoxia m arkers V E C F, PAI-1, CAIX, or M IF w as observed (Spearm an correlation coëfficiënt
(R s) = 0.19, P = 0.05, Rs= -0.38, P = 0.59, Rs= 0.78, P = 0.25 and Rs= 0.11, P = 0.08, respectively).
The expression of ATF4, the m ain regu lato r of TR IB3, w as borderline significantly correlated
w ith TRIB3 m RN A expression (P = 0.05) w ith a low correlation coëfficiënt of 0.18. A no th er
U PR -associated gene G R P78/B iP w as not correlated w ith TR/B3 expression (Rs= 0.12, P = 0.15).
A.

B.

Cells treated with siRNA against

Cells treated with siRNA against

Figure 4. TRIB3 is induced through the PERK/ATF4/CHOP pathway of the unfolded protein response.
(a) mRNA abundance of the specific genes targeted by the specific siRNAs (mean + Standard deviation
(SD; n = 3). (b) Fold induction of TRIB3 expression (mean + SD) after anoxia (<0.01% O J in M CFy ceiis with
knockdown of scram bied control (SCR), HIFi, PERK, ATF6, IRE1, ATF4 or CHOP gene by siRNAs. *Significantly
different from control (SCR) under anoxia, P < 0.01, each measurement was performed in triplicate.

K nockdow n of TRIB3 results in a increased hypoxia sensitivity
M DA -M B-231 cells w ere used fo r siR N A -m ediated knockdow n of TRIB3. Tw o different siRN As
against TRIB3 w ere used and TRIB3 expression w as com pared w ith cells transfected w ith
negative control siRN A. TR IB3 (1) siR N A led to a reduction in TR/B3 expression of 48%, and TRIB3
(2) siR N A led to a reduction of 87% (Figure 5a). Next, w e sought to establish w h e th e rT R IB 3 is
associated w ith poor prognosis solely as a m arker fo r hypoxia, or that it has a functional role
in hypoxia resistance of tu m o r cells. To this end, M DA -M B-231 cells w ere transfected w ith the
above m entioned TR IB3 siRN As and cultured unde r norm oxic and hypoxic conditions. In cells
transfected w ith control siR N A, the total activity of cells m easured by M TS assay cultured fo r
48 hours at 0.1% did not differ significantly from cells cultured in Standard co nd itio ns (Figure
5b). In cells transfected w ith the tw o different siR N A s against TR/B3 the M TS assay readout
w as significantly (P = 0.003 ar|d P<o.ooi fo r siR N A TR IB3 (1) and (2), respectively) dim inished
a fter hypoxia. N otew orthy, the siR N A that has the greatest knockdow n effect on TRIB3
m R N A levels also had the greatest effect on total cell activity after hypoxia.
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Figure 5. Knockdown of TRIB3 results in lower cell survival under hypoxic conditions. (a) Fold induction
of TRIB3 expression levels (mean + Standard deviation (SD)) in MDA-MB-231 cells after transfection with
negative control s/RNA and two siRNAs against TRIB3 transcript. Each measurement was perform ed in
triplicate. (b) Average absorbance at 492 nm (+ SD) measured by MTS assay of cells cultured under normal
culture conditions and 0.1% oxygen. Each condition was measured in 10 independent wells.

Discussion
Here, w e find th at TR IB3 is associated w ith poor prognosis of breast cancer patients,
ind ependen t of other clinicop atho lo gical characteristics. TR IB3 is expressed in hypoxic areas
of both breast cancer xeno grafts and hum an breast tu m o r tissues. W e fo und that thisTRIB3
up-regulation is induced by ER stress, hypoxia and nutriënt starvatio n, and is dep end ent on
the PERK pathw ay of the UPR. TR/B3 induction is m ost pronounced at a m oderate oxygen
co ncentratio n and TR IB3 seem s involved in hypoxia response of tu m o r cells.
Tribbles w as originally identified as a d elayer of m itosis in D rosophila M elan og aster [38-40].
One of the th ree hum an hom ologs, TR IB 3, has recently been d escribed to be involved in
regulation of the cell cycle regu lato r cd c25A in hum an cells [41]. Furtherm ore, TR IB3 has a
role in insulin sen sitivity and d iab etes [10, 42-44] and has also been d escribed to interact as a
scaffold protein in m ultiple sign aling cascades, including v-akt m urine thym o m a viral oncogene
hom olog 1 (P K B/A kt) [10 ,13 ] but also M APK [11] pathw ays. This app arent invo lvem ent of TRIB3
in tu m o r cell proliferation a n d /o r survival and grow th fa cto r recep to r signaling cascades
com bined w ith its role in hypoxia and cell stress pathw ays [9 ,13 -15 , 45, 46] origin ally spurred
us to investigate its role in breast cancer progression. O ur results presented here show that
TR IB3 could be involved in the hypoxia response of breast cancer cells; it is induced by cell
stressors including hypoxia, ER stress, and n utriënt starvation in breast cancer cells, w hich is
in line w ith earlier observations in other cell types [9 ,13 -15 , 45, 46]. W e confirm ed here that
TR IB3 is part of the UPR [9 ,12 ], m ore sp e cifk a lly the PER K/A TF4/CH O P pathw ay. W e find that
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knockdow n of TR/B3 results in cells th at are m ore sensitive to hypoxia. One pathw ay involved
in hypoxia to lerance of tu m o r cells is the UPR [32]. Tum o r cells utilize this pathw ay to counter
cell stresses like hypoxia, m ost likely through induction of autop hagy [32]. By “self-eatin g”
of cellular com ponents, cells can provide fo r their own energy and constituents, thereby
surviving prolonged periods of severe hypoxia [32]. TR IB3 is know n to inhibit PKB/Akt [10], a
putative link betw een the UPR and autop hagy [16].
Im portantly, hypoxic cells are particularly refractory to treatm ent and tend to have an
increased m etastatic potential [1, 3]. Further, the hypoxia and nutriënt starvation-induced
U PR -pathw ay is im p ortant fo r cancer treatm en t efficacy [21, 32, 47, 48] and th erefo re an
interesting new target fo r therapy. In com parison w ith HIF-1, w hich is activated over a w ide
range of oxygen co ncentratio ns of around 2%, m axim um activation of the UPR requires
exposure to m ore severe hypoxia (review ed in [49]). N evertheless, activation of the UPR
has been show n to protect tu m o r cells against hypoxia-induced cell death both in vitro and
in vivo over a range of oxygen concentrations [47, 48, 50]. W e are the first to describe the
specific oxygen tensions th at induce TRIB3, and found that up-regulation of TRIB3 does not
increase w ith decreasing oxygen tensions. Th ese results indicate that the u p -regulatio n of
TRIB3 under m oderate hypoxia is at least partly due to other pathw ays than the UPR. PI3K
is already described to up-regulate TRIB3 expression [13] and could be resp onsib le fo r the
up-regulation of TRIB3 at the m ore physiological m oderate hypoxia, rather than at severe
hypoxia (i.e. anoxia). Severe hypoxia is m ainly found in perinecrotic areas w ithin solid tum ors
and probably has less influence on prognosis and treatm en t sensitivity than areas w ith m ore
m oderate hypoxia. W ithin the m oderate hypoxic tu m o r regions cells can adapt, and are
eventually m ore likely to reoxygenate and/or m etastasize as th ey are m ore proxim al to blood
vessels.
Here, we show that TR IB3 expression can ind ependently predict disease outcom e in hum an
breast cancer patients. The im portance of TRIB3 in cancer is supported by the fin d in g that
TRIB3 is also involved in the prognosis of colorectal cancer patients [17]. The data suggest
th at TRIB3 is induced by hypoxia in an ATF4 dependent m anner and sup p orts hypoxia
sensitivity, but from the m easurem ents of other hypoxia m arkers w e find th at TRIB3 m RN A
abundance from tu m o r biopsies is not m erely a reflection of tu m o r hypoxia. This suggests
th at TR/B3 m arks or su p p orts tum o r aggressiveness rather than reflecting hypoxia itself.
Furtherm ore, the predictive value of TRIB3 expression in our study w as sp ecifically significant
in the patiënt group that received radio therapy. Com bined w ith the observation th at TR IB3 is
m ostly expressed in the th e rap y resistant hypoxic areas of breast tum o rs this ind icates that
the prognostic role of TR IB3 could indeed be a co nseq uence of th erap y resistance. W hen
this w ould be solely due to rad io therap y resistance one w ould expect also a co rrelation w ith
loco-regional control but th is w as not the case. How ever, a correlation w ith distant control
could also not be found, p rob ab ly both due to low num b er of events and sm all group sizes. In
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addition , as this w as a non-random ized retrospective analysis, any predictive value of TRIB3
m R N A rem ains to be confirm ed in a larger p rospective trial.

Conclusions
E xam in ing TRIB3 expression in hum an breast tu m o r m aterial revealed that there w as an
ind ep end en t association w ith poor prognosis of breast cancer patients. A relation of TRIB3
w ith hypoxia w as seen by the co -localization w ith the hypoxia m arke r pim onidazole in both
breast cancer xeno grafts and hum an breast tu m o r tissue. W e found th at TRIB3 up-regulation
after hypoxia, ER stress and nutriënt starvation also holds true fo r breast cancer cells and is
HIF-1 independent and UPR d ependent. TRIB3 up-regulation after hypoxia w as found to be
m ost pronounced at physiological interm ed iate hypoxia, in co ntrast to m ost U PR-induced
proteins. Finally, knockdow n of TRIB3 revealed an effect on hypoxia response of breast
cancer cells. In com bination th ese results indicate that TRI B3 m ight be associated w ith tum o r
cell survival under prolonged interm ediate hypoxic stress. This hypothesis w arrants furth er
experim en ts in other (b reast cancer) cell lines applying additional knockdow n, possibly
w ith rescue, and/or overexp re ssio n techn iq u es. Furtherm ore, the invo lvem en t of TR IB3 in
m ultiple im portant sign aling pathw ays m akes it an interesting targ et fo r cancer therapy.
Fu rth er research will provide m ore insight into the m echanism s of action and possibilities of
intervention.
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Abstract
Breast cancer is one of the leading causes of cancer mortality in women. Recent advances
in gene expression profiling have indicated that breast cancer is a heterogeneous disease
and the current prognostication using clinico-pathological features is not sufficiënt to
fully predict therapy response and disease outcome. In this retrospective study, we show
that expression levels of BRE, which encodes a member of the BRCA1 DNA damage repair
complex, predicted disease free survival in non-familial breast cancer patients. The predictive
value of BRE expression depended on whether patients received radiotherapy as part of
their primary treatment. In radiotherapy treated patients, high BRE expression predicted a
favorable disease free survival (hazard ratio (HR)=o.47, 95% confidence interval (O )=o.280.78,

P = 0 . 00 4 ) ,

while in non-treated patients, high BRE expression predicted an adverse

prognosis (HR=2.59, 95% 0=1.00-6.75, p=0.05). Among radiotherapy treated patients, the
prognostic impact of BRE expression was confined to patients with smaller tumors (HR=o.23,
95% CI=o.068-0.75, p=o.oi5), and it remained an independent factor after correction for the
other prognostic factors age, tumor size, lymph node involvement and histological grade
(HR=0.50, Ck0.27-0.90, p=o.o2i). In addition, high BRE expression predicted a favorable
relapse free survival in a publicly available dataset of 2,324 breast cancer patients (HR=0-59,
0=0.51-0.68, p<o.ooi). These data indicate that BRE is an interesting candidate for future
functional studies aimed at developing targeted therapies.

Introduction
Despite great improvements in diagnostic imaging techniques and treatment, breast cancer
remains one of the leading causes of cancer mortality in women. Prognostication of breast
cancer patients nowadays relies highly on classical clinico-pathological features, such as
tum or size, histological grade, age and lymph node metastases [1]. However, it remains
a challenge to accurately predict disease outcome based on these parameters, which is
necessary in order not to under- or over-treat patients.
Over the last twenty years, there has been great interest in developing prognostic patiënt
classification methods based on molecular screenings. Cenome-wide gene expression sereens
have identified expression profiles that predict disease outcome and therapy response.
For example, in several large patiënt studies, a 70-gene signature called the ‘MammaPrint’
(Agendia, Amsterdam, The

Netherlands) has been shown to outperform

classical

prognostication methods [2-4]. Together with other molecular classification methods [5, 6],
these data indicate that the identification of differential gene expression has great potential
for improved prediction of disease outcome and subsequent treatment decisions.
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DNA double strand breaks (DSBs) are one of the most cytotoxic types of DNA damage. The
importance of proper repair of these breaks to maintain genomic integrity is exemplified
by recurrent mutations in genes involved in DSB repair in various cancers. For example,
BRCAi mutations occur in approximately 20% of familial breast cancer cases [7-9]. The
importance of the BRCA1 multi-protein complex has been exemplified by the identification
of polymorphisms and haplotypes within other BRCA1 complex members, such as RAP80
and ABRAXAS, both in BRCA1/2 mutated and non-mutated familial breast cancer patients.
However, the clinical impact of these polymorphisms remains to be confïrmed [10-15].
Furthermore, BRCA1 expression levels seem to predict breast cancer outcome in non familial
cases [16-19], although data are not consistent [20].
Recently, it has been shown that high expression of BRE (Brain and Reproductive organExpressed), another member of the BRCA1 complex [21-24], denotes a favorable prognosis
in acute myeloid leukemia (AML) [25-27]. In this study, we demonstrate that BRE expression
levels in breast cancer tum or tissue contained prognostic information in a cohort of 229 nonfamilial breast cancer patients, establishing the relevance of this DNA damage repair factor
in breast cancer.

Materials and Methods
Breast cancer samples
Frozen breast cancer tissue sections were available for two independent cohorts of in total
229 patients who had undergone resection of their primary tumor, as described before [2830]. Patients underwent surgical resection of their primary tum or between November 1987
and December 1997 and were selected by the availability of RNA samples in the tum or bank
of the Department of Chemical Endocrinology of the Radboud University Nijmegen Medical
Centre (Nijmegen, The Netherlands). This bank contains tum or material from five different
hospitals of the Comprehensive Cancer Centre East in the Netherlands. Patients had no
previous diagnosis of carcinoma, no distant metastases at time of diagnosis and no evidence
of disease within 1 month after primary surgery. Patients that received neoadjuvant therapy or
were diagnosed with carcinoma-in-situ were excluded from this study. Patients were treated
with protocols established at that time. 60% of the patients underwent mastectomy (137/229)
and the remaining patients underwent lumpectomy. 74% of the patients (169/229) received
radiotherapy following surgery and 39% (90/229) received systemic adjuvant treatment, in
combination with radiotherapy or not. Adjuvant treatment consisted of endocrine treatment
with tamoxifen and/or chemotherapy. Detailed patiënt characteristics can be found in table 1.
The median follow-up period of censored patients was 107.5 months. This study was
performed according to REMARK guidelines [31].
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Table l: Clinico-pathological characteristics of 229 non-familial breast cancer patients
Total cohort

Non-radiotherapy treated

Age (N=22g), mean (range)

59-9

(31-88) 59-2

M enopausal status (N=22g)
Premenopausal, no. (%)
Postmenopausal, no. (%)

29

(25 -2)
(74 -8 )

Nodal category (N=2o8)
Negative, no. (%)
1-3 involved lymph nodes, no. (%)
>4 involved lymph nodes, no. (%)
Radiotherapy (N=228)
Treated, no. (%)
Non-treated, no. (%)

86

28

86

61

(58.1)

59

29
15

(27.6)
(14-3 )

31
13

83

(72 .2)

86

32

(27.8)

27

73
42

(63 -5)
(36 .5)

64

Adjuvant system ic therapy (N=228)
None, no. (%)
Endocrine therapy, no. (%)
Chemotherapy, no. (%)
Endocrine + Chemotherapy, no. (%)

70
30
13
2

(60.9)
(26.1)
(11-3 )
(1-7)

68
28

9
36
41

(10.5)
(41-9 )
(47 -7 )

4

73
15
12

(73 -o)
(15.0)
(12.0)

70
15

Tum or size (N=227)c
pTi, no. (%)
pT2, no. (%)
PT3/4, no. (%)

Low BREa
(N=32)

(32-86) o.775 d
1.000e
(24.6)
(75 -4 )

High BREa
(N=27b)

( 57 -3)
(30.1)

(76.1)
(23-9 )

o-547 e

6

(18.8)

O8.5)

26

(81.3)

5
22

50

9

8

(24.8)
(8.0)
(7 -1)

(86.2)

(13.8)

18
7

(72.0)

3'

15

0

(0)

0

(28.0)
(0)

0

0

(0)

32

(0)
(100)

30
2
26
3
2

35
43

27

(100)

(93 -8 )
(6 -3 )

27

0

(100)
(0)

18

(66.7)

1

(81.3)
(9 -4 )
(6 -3 )
( 3-0

4
2
3

(14.8)
(7 -4 )

1
6
16

(4 -3 )
(26.1)
(69.6)

1
10
8

(5-3 )
(52.6)
(42 .1)

22

(71.0)
( 9 -7 )
0 9 -3 )

18

(81.8)
( 9-0
( 9 -1)

8

16

(28.7)
( 57 -4 )
0 3 -9 )

50

43
19

(44 -6 )
(38 .4 )
(17.0)

(34 -4 )
(59 -4 )
( 6 -3 )

9

0
4
4
0 -537f
4

2;
11
1

(11.1)

0.151'

8
3
2
0.721'

3
6

2

2

5

1;
6
0.853'

0.014'
33
66

8
0 -495 f

0 -744 '

(75 -3 )
(16.1)
(8.6)

2;

NA«

0.406*
(4 -9 )
(42 .7 )
(52 .4 )

6
0.310'

0.230'
(60.2)

2-

(81.5)

0.282*

(56 .1)
(43 -9 )

Li
(f

(35-86) 0.784" 5 '
1.000e

25
4

(12.6)

R
P

(33-88) 61.5

0.923*

Surgery (N=22g)
Mastectomy, no. (%)
Lumpectomy, no. (%)

Histology grade (N=i68)
1, no. (%)
II, no. (%)
III, no. (%)
Tum or type (N=193)
Ductal, no. (%)
Lubular, no. (%)
O ther(m ixed/unknow n), no. (%)

P

cr>
0

HighBRE3
(N=H4b)

VJJ

Low BREa
(N=115)

11
19
2

15

3

(33 -3 )
(55 -6 )
(11.!)

2
4
v

Estrogen receptor status (N=ig6)
Positive, no. (%)
Negative, no. (%)
Progesterone receptor status (N=197)
Positive, no. (%)
Negative, no. (%)

0.769'
61
39

(61.0)
(3 9 -o)

61
35

(63-5)
(3 6 -5)

18
9

(66.7)
(33-3)

12
12

( 5'
(5'

12
15

(4 4 -4 )
(55-6 )

13
11

(5
(4

0.776'
51
50

(50.5)
(4 9 -5)

51
45

( 53-0
(46.9)

“High and iow BRE expression is defrned as expression above or below the median expression of the total c
bAs data on radiotherapy treatment was lacking for 1 patiënt (showing high BRE expression), the patiënt n l
groups do not add up to the total cohort;
cpTi: tum or size£2cm, p Ï2 : tum or s/ze of 2-scm, PT3/4 tum or size >5cm and/or direct extension to chest wa,
dp-vaiue is based on Mann-W hitney U test;
ep-value is based on x ! test;
fp-value is based on Fisher Exact test;
gNA: not applicable.

v-n

yjj
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BRE QPCR
Tissue collection, mRNA isolation and cDNA preparation have been described before [ 29 ] .
BRE expression was measured in both cohorts by QPCR using a commercially available
primer/probe set

( H S 01046283J T

11, Life Technologies, Carlsbad, CA, USA) and normalized to

expression of the housekeeping gene PB CD, as described [ 26 ] . Normalized QPCR data were
mean centered per analyzed cohort and afterwards the data of the cohorts were combined
to increase patiënt numbers for further analyses.
Statistical analyses
To statistically test the correlation of BRE expression with clinical parameters, the complete
cohort was subdivided into two equally sized groups based on BRE expression. Differences in
patiënt characteristics were tested by x2, Fisher exact, or Mann W hitney U tests, as indicated.
Disease free survival (DFS; defined as time between surgery and diagnosis of recurrent or
metastatic disease) and overall survival (OS; defined as time between surgery and death by
anycause) were used as feature for disease outcome. The prognostic impact of BRE expression
was visualized using Kaplan-Meier plots and statistically tested via the logrank method and
univariate or multivariate Cox regression analyses. Statistical analyses were carried out using
Graphpad (La Jolla, CA, USA) or SPSS (IBM Corporation, Armonk, NY, USA) software.

Results
BRE expression correlates with tumor size
To study the prognostic effect of BRE expression in breast cancer, BRE mRNA levels were
measured in tumor tissues collected at diagnosis for a cohort of 229 breast cancer patients
by QPCR. Given the association of BRE with DNA damage repair, we subdivided the patiënt
cohort a priori in two groups based on whether they had received radiotherapy as part
of their primary treatment. BRE levels were gradually distributed and no difference was
observed between radiotherapy treated or non-treated patients (p=o.25). The dynamic range
of expression was less than 50-fdd (5-4Ct) and levels were normally distributed (based on
a Kolmogorov-Smirnov test) (see Fig. 1a). This is in contrast to AM L in which BRE is highly
expressed in a distinctive subset of patients, while the remaining patients show little variation
[26],
Comparisons of BRE expression with known clinico-pathological factors showed that BRE
expression correlated with tum or size (p=o.oi4), but not with any of the other parameters
(Table 1). The correlation of BRE expression with tumor size was only observed in radiotherapy
treated patients in which high BRE expression was more often found in smaller tumors
(p=o.oo5, Table 1).
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BRE expression predicts disease free survival in breast cancer
Cradual differences in BRE expression (using continuous QPCR data) did not correlate with
disease free survival (DFS) or overall survival (OS) in the total cohort, as tested by univariate
Cox regression analysis (DFS: Table 2, OS: data not shown). However, when the cohort was
subdivided into radiotherapy treated and non-treated patients, BRE expression (tested as
continuous variable) had prognostic impact on DFS within both groups (Table 2). Remarkably,
BRE expression showed opposite effects on prognosis. In the radiotherapy treated group
(n=i69), which accounted for the majority of the patients, high BRE expression correlated
with a favorable DFS (Hazard ratio (HR)=o.72, 95% confidence interval (CI)=o.53-o.97,
p=0.030), while in the non-radiotherapy treated group (n=5g), high BRE expression correlated
with a poor prognosis (HR= 1.79, 0=1.11-2.87, p=o.oi6). Similar results were obtained when
subdividing patients into two or three groups based on BRE expression, instead of using
gradual QPCR data (Table 3, and data not shown).
Table 2: Univariate analysis of BRE expression in correlation w ith DFS
Total cohort

BRE expression

Non-radiotherapy
treated patients

Radiotherapy
treated patients

P

HR (95% Cl)a

0.030

0.72 (0.53-0.97)

P

HR (95% Cl)a

P

hr

0.342

0.877(0.67-1.15)

0.016

1.79(1.11-2.87)

(95% Cl)a

(QPCR data)
“HR: hazard ratio; Cl: confidence interval.

The effect of BRE expression on DFS was visualized using Kaplan Meier plots by subdividing
the total cohort into two groups using the median of BRE expression as cut-off. Among
the patients that did not receive radiotherapy, high BRE expression predicted an adverse
prognosis validating the Cox regression analysis (HR=2.59, CI=1.00-6.75, p=o.05). High BRE
expression predicted a favorable prognosis among the patients that received radiotherapy
(HR=o.47, CI=o.28-0.78, p=0.004) (Fig. 1b). Interestingly, within the radiotherapy treated
patients, a significant correlation between BRE expression and disease free survival was only
observed for the group of patients with smaller tumors (HR=o.23, CI=o.068-0.75, p=o. 015),
which contained relatively more high BRE expressing patients (Table 1, Fig. 2). No significant
prognostic impact was observed in patients with larger tumors (Fig. 2). Radiotherapy was
combined with adjuvant systemic treatment for part of the cohort (see Table 1). To exclude
the possibility that the effect of BRE expression on prognosis depended on the combination
of radiotherapy and adjuvant treatment, we calculated the effect of BRE expression on DFS
for patients treated by radiotherapy only (94 of the 169 patients that received radiotherapy).
This analysis showed that also within this subcohort, high BRE expression predicted favorable
disease outcome (HR=o.38, 0=0.18-0.78, p=0.009, data not shown). Within the group of
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patients that did not receive radiotherapy, 75% did not receive adjuvant treatment either (44
of the 59 patients). Within this group of patients, the impact of BRE expression on DFS lost its
significance (data not shown). This might indicate that in non-radiotherapy treated patients,
the effect of BRE expression on DFS is dependent on adjuvant treatment. However, as the
number of patients receiving adjuvant treatment without radiotherapy was too small, we
were not able to test this hypothesis.

A

low B R E (N=32)
— I-II

■ II -l-U

logrank p =0 .0 5

—1--------- - 1--------1
100

Time (months)

150

Time (months)

Figure 1. BRE expression predicts disease free survival in breast cancer
a. BRE expression was gradually distributed am ong 229 breast cancer patients. No significant differences
were observed between radiotherapy and non-radiotherapy treated patients. BRE expression was
measured using QPCR and normalized with the housekeeping gene PBCD, by calculating the ACt. Data
shown are mean centered. Expression levels between radiotherapy treated and non-treated patients did
not differ significantly (p=o.25 based on student’s T-test). b. For Kaplan M eier analyses, the total cohort
was divided in to two equally sized groups based on BRE expression (high: solid line; low: dashed line, as
indicated). BRE expression has opposing prognostic impact in non-radiotherapy treated (no RT: upper
panel) and radiotherapy treated (RT: lower panel) patients. In non-radiotherapy treated patients, the 5-year
DFS was 86.6 ± 6.2% and 75.5 ± 8.7% for low and high BRE expression, respectively (HR=2.$g, Cl=1.00-6.75,
p=o.o5). In radiotherapy treated patients, the 5-year DFS was 60.2 ± 5.5% and 78.3 ± 4.5% for low and high
BRE expression, respectively (HR=o.47, Cho.28-o.78, p=o.oo4). Patiënt numbers included in the analyses
are indicated in brackets. P-values, HR’s and CI’s were calculated using the logrank method. Subdividing the
cohort into three groups based on BRE expression obtained comparable results (data not shown).
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BRE expression is an independent prognostic factor in radiotherapy treated patients
To determine whether BRE expression was an independent prognostic factor for DFS in breast
cancer, multivariate Cox regression analyses were performed. These analyses showed that
BRE expression was a prognostic factor within the group of radiotherapy treated patients,
independent of other tested prognostic factors as age, tumor size, lymph node involvement
and histological grade (HR=0.50, 0=0.27-0.90, p=0.02i, Table 3). Of note, also age, tumor
size and the number of involved lymph nodes were independent prognostic factors in this
group of patients. For non-radiotherapy treated patients, BRE expression did not correlate
significantly with DFS in the multivariate analysis.

Tim e (m onths)

Tim e (m onths)

Tim e (m onths)
Figure 2. BRE expression predicts favorable DFS in radiotherapy-treated patients w ith sm all tum ors
In radiotherapy-treated patients, BRE expression predicts DFS in patients with small tumors (pTl, upper
panel). The^-year DFS was 7 2 .7 19 .5% and 92.6 ± 4 .1 % for low and high BRE expression respectively (HR=o.23,
0=0.068-0.75, p= o .o i5). For patients with larger tumors, no statistically significant prognostic effect of
BRE expression was observed. For this analysis, patients were subdivided into two groups based on BRE
expression, as explained in figure 1. P-values, H R’s and CI’s were calculated using the logrank method.
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Table 3: M ultivariate Cox regression analysis of BRE expression correlation with DFS

Non-radiotherapy treated patients
Univariate
Multivariate®
P
HR
P
HR
(95% Cl)b
(95% Cl)b

Radioth
Univariate
P
HR
( 95 % C

BRE
(2 groupsc)

0.0596

2.51
(0.97-6.53)

o.o83f

2.38
(0.89-6.35)

0.004

0.46
(0.27-C

Age
(continuous)

0.349

0.98
(0.95-1.02)

0.616

0.99
(0.95-1.03)

0.112

0.98
(0.96-

M enopausal status
(po st-vs. premenopausal)

0.838

1.07

0.140

0.81
(0.62--

Tum or sized
(pTi vs. pT2 vs. PT3/4)

0.422

<0.001

2.01
(1.42-2

Histological grade
(I vs. II vs. III vs. NDe)

(0.57-1.99)
1-39
(0.62-3.09)

0.465

0.941

0.97
(0.39-2.42)

0.895

1.01
(0.86-1.19)

0.032

1.70
(1.05-2

Involved lym ph nodes
(0 vs. 1-3 vs. >4)

0.002

5.63
(1.84-17.3)

0.034

3-92
(1.11-13.8)

0.001

1.87
(1.30-2

Estrogen receptor status
(positive vs. negative)

0.680

0.82
(0.31-2.15)

0.362

0 .78
(0.45--

Progesterone receptor status
(positive vs. negative)

0.866

0.92
(0 .36-2.39)

0.839

0.95
(0 -55--

1.56
(0 .47-5-15)

“Factors included in multivariate analysis: BRE expression, age, tum or size, histological grade and involved lymph nodes;
bHR: hazard ratio; Cl: confidence interval;
T h e two groups are defined as BRE expression above or below the median expression of the total cohort, respectively;
dpTr. tum or size£2cm, pT2: tum or size of 2-5cm, PT3/4: tum or size >5cm and/or direct extension to chest wall or skin;
eAs data on histological grading were m issing for a substantiai number of patients, this group (ND: Not Done) was inclu
separate group, next to histological grade I, II or III;
fln non-radiotherapy treated patients, BRE expression lost its significance when the median expression was used to div/cfe
When subdividing patients into three groups based on BRE expression, BRE was a significant predictor for DFS in both un.
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BRE expression predicts outcome in a large independent breast cancer cohort
To determine whether BRE expression has an impact on survival in other patiënt cohorts, we
extended our studies to a large independent, publicly available micro-array dataset of 2,324
patients (see Fig. 3, Kaplan Meier Plotter [32] (www.kmplot.com)). We observed a favorable
prognosis for patients with high BRE expression (upper 50% of the patients), and an adverse
survival for patients with low BRE expression (lower 50%) (HR= 0.59, Cko.51-o.68, p <0.001
after correction for multiple testing). The data of this cohort resembled the data of the first
cohort of radiotherapy treated patients (Figure 1b). However, as no data were available on
the number of patients that received radiotherapy within this publically available cohort,
we were unable to test whether the prognostic effect of BRE expression was influenced by
radiotherapy treatment.

Figure 3. BRE expression predicts
relapse free survival in a cohort of
2,324 breast cancer patients
A
publicly
available
database
(Kaplan M eier Plotter [32]) was
used to investigate the effect of BRE
expression on relapse free survival
(RFS) in a cohort of 2,324 breast
cancer patients. Array data (probe
set 2H566_s_at) of these patients
were used to divide patients into
two equally sized groups. High BRE
expression predicts a favorable
prognosis (HR=o.5i, 0=0.51-0.68,
pco.oo 1). P-value, HR and Cl were
calculated using the logrank method.

Time (years)

Discussion
High expression of the BRCA1 complex mem ber BRE has recently been identified in a subgroup
of AM L patients in whom it defines favorable prognosis [25, 26]. Here, we show that the
expression of this gene also predicted disease outcome in a cohort of 229 non-familial breast
cancer patients. Interestingly, the predictive value of BRE expression at diagnosis on disease
free survival depended on whether the patiënt received subsequent radiotherapy treatment.
In radiotherapy treated patients, high BRE expression predicted a favorable disease outcome,
whereas in non-radiotherapy treated patients it correlated with an adverse outcome (see
Fig. 1, Table 3). To extend our studies, BRE expression was evaluated in a publicly available
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dataset of 2,324 breast cancer patients [32]. In this large cohort, high BRE expression
predicted a favorable relapse free survival, resembling the data of radiotherapy treated
patients within the cohort studied in this manuscript (Figure 1b). The large cohort of 2,324
patients represents a collection of previously published gene expression datasets, for which
integral data on clinico-pathological factors are unavailable. Therefore, we were unable to
determine the impact of radiotherapy on the effect of BRE expression on disease outcome
in this cohort. The Identification of prognostic impact of BRE expression in two independent
cohorts warrants further studies in large cohorts to validate the effects found in radiotherapy
treated and non-treated patients.
The fact that BRE expression predicted opposing effects on disease outcome depending
on radiotherapy treatment might imply that there are intrinsic differences in breast cancer
patients who are treated or not treated with radiotherapy. Alternatively, there might
be a direct effect of high BRE expression on radiotherapy response. The effect of BRE
expression on disease outcome was not due to co-treatment with adjuvant therapy within
the radiotherapy treated group of patients, as the effect of BRE expression of DFS was also
present in the subgroup of radiotherapy treated patients that did not receive adjuvant
treatment. The decision for radiotherapy treatment is closely related to surgical treatment
and depends on multiple factors, like tumor size and the involvement of axillary lymph nodes.
As the patients were consequently not randomly assigned for treatment, it was not possible
to explain the opposing effect of BRE expression on the prognosis of radiotherapy treated
versus non-treated patients in this cohort. Therefore, it would be of particular interest to test
BRE expression in a cohort of patients that received radiotherapy in a randomized fashion, to
evaluate a direct effect of BRE expression on therapy outcome.
BRE is a mem ber of the BRCA1 complex, involved in DNA double strand break repair [21-24].
This complex is recruited to DNA damaged sites via binding of the complex member Rap8o to
ubiquitin chains which are generated upon DNA damage [33-35]. Mutations in DNA damage
repair factors are closely linked to familial breast cancer, as 25% of these cases is characterized
by mutations in factors involved in the DNA damage repair pathway, like BRCA1, BRCA2,
PTEN, P53, CHEK2, and ATM [7-9, 36-39]. However, in non-familial breast cancer, these
mutations are rare. In non-familial cases, associations between low BRCA1 expression with
poor prognosis have been identified [16-19], resembling the observations we made for BRE
expression in radiotherapy treated patients.
Depletion of BRE abrogates BRCA1 foei formation, indicating that BRE is needed for complex
formation and downstream DNA repair [22-24, 40]. Several studies have described an
increased radio-sensitivity of cells after BRE depletion [21, 22]. Next to a role in the BRCA1
complex, BRE is also involved in death receptor mediated apoptosis, as it binds TN Fa and
FAS receptors and overexpression of BRE caused resistance to apoptosis induction by various
stress-related stimuli [41]. This indicates that BRE serves an anti-apoptotic role following
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Abstract
Background: Tribbles homolog 3 (TRIB3) is a pseudokinase involved in the regulation of
several signaling pathways involved in cell survival and/or cell stress. Here, we determined
the correlation between breast cancer prognosis and TRIB3 protein levels and established
the role of TRIB3 in cell survival after hypoxia and/or radiotherapy.
Material and Methods: TRIB3 mRNA and protein were quantified in a new independent
breast cancer patiënt cohort using QPCR and a new specific avian antibody against TRIB3.
In addition, we used siRNA-mediated knockdown of TRIB3 in a colony-forming assay after
hypoxia and radiotherapy.
Results: TRIB3 mRNA and protein levels did not correlate in breast cancer cell lines or human
breast cancer material. We validated our earlier finding that high TRIB3 mRNA denotes a poor
prognosis, but found that high TRIB3 protein levels were associated with a good prognosis
in breast cancer patients. We also show that knockdown of TRIB3 resulted in an increased
survival under hypoxic conditions.
Conclusion: W hereas mRNA levels of TRIB3 are related with a poor prognosis, TRIB3 protein
is associated with a good prognosis in human breast cancer patients, possibly due to the fact
that TRIB3 is involved in hypoxia tolerance.

Introduction
Tribbles homolog 3 (TRIB3) is one of three human homologues of the Drosophila cell cycle
inhibitor tribbles [1,2]. TRIB3 is induced by ER stress [3], hypoxia [4], and nutriënt starvation
[5], all of which are potentially related to treatment resistance. This cell stress induced
upregulation of TRIB3 is mediated via the unfolded protein response (UPR), more specifically
via the transcriptional regulators ATF4 and CHOP [6]. The UPR is likely to be involved in
therapy resistance of tum or cells, especially under hypoxic conditions [7-11]. TRIB3 functions
as a negative feedback regulator of the ATF4/CHOP pathway [6,12,13]. TRIB3 is also known
to inhibit phosphorylation of AKT/Protein Kinase B (AKT) [14]. AKT is a phosphoinositidedependent serine/threonine protein kinase that plays a critical role in the signal transduction
of growth factor receptors. There is abundant evidence that the Pl3-kinase/AKT pathway is
central in determining the sensitivity of solid tumors to ionizing radiation, chemotherapy and
possibly to endocrine therapy [15-19]. In addition, all three human homologues of tribbles
bind mitogen-activated protein kinase-kinases (MAPKKs) and regulate the activation of MAP-
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kinase pathways by serving as scaffold proteins [20]. These intracellular signaling pathways
are relevant for tum or growth and treatment resistance [21,22]. However, how TRIB3 is
involved in tumor progression and/or treatment resistance is unclear, as both cytoprotective
[13] as well as pro-apoptotic roles of TRIB3 [6] have been described.
Recently, we found that TRIB3 mRNA denoted a poor prognosis in breast cancer patients
[23], suggesting that the involvement of TRIB3 in the UPR and/or growth factor receptor
signaling results in an association with disease progression and/or treatment resistance.
Here, we set out to validate these results in an independent patiënt cohort, and to extent
the data by specific immunohistochemical staining of TRIB3 protein and by siRNA mediated
knockdown in radiation experiments.

Material and Methods
Patients Samples
Breast cancer patients were selected from a cohort surgically treated between January 1991
and December 1996, that had no axillary lymph node invasion, received no adjuvant systemic
treatment, and had at least 5 years follow up or a recurrence before that. The selection
criteria led to a patiënt cohort with 25% ER positive, 13% PR positive, 30% HER2-positive, and
44% triple negative patients. As approved by the institutional review board and according to
national law, coded tum or tissues were used.
TRIB3 mRNA measurement
Total RNA was isolated and reverse transcriptase was performed as described earlier [23].
For patiënt material an adjacent slice was H&E stained to determine tumor percentage.
cDNAs were amplified with TRIB3-specific primers (forward: att agg cag ggt ctg tcc tgt g,
reverse: agt atg gac ctg gga ttg tgg a) using Sybr Green Master Mix (Applied Biosystems,
Nieuwerkerk a/d iJssel, the Netherlands) on an ABI Prism 7700 Sequence detection system
(Applied Biosystems). All samples were normalized for levels of hypoxanthine-guanine
phosphoribosyltransferase (HPRT) expression.
TRIB3 antibody development
Chickens and rabbits were immunized with 3 different LPH conjugated peptides from
different parts of the human TRIB3 protein sequence obtained from Biogenes GmbH
(Berlin, Germany). Peptide sequences were peptide 1: 23’DNLDTERPVQKRARSGPQ40’,
peptide 2: 186’CRFVFADRERKKLVLENL203 and peptide 3: and 338’DGLGLDEAREEEGDREW 355'.
The experimental design was approved by the Animal Ethics Committee of the Radboud
University Nijmegen and described earlier [24]. Polyclonal antibodies isolated from chicken
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egg yolks and citrate plasmas from rabbits were purified by affinity chromatography against
the peptides in question. Further characterization was done with one side ELISA and Western
blotting techniques.
TRIB3 Western blot analysis
Breast cancer cells (LGC Promochem, London, UK) were harvested in RIPA buffer with
phosphatase and protease inhibitors (Roche, Indianapolis, IN). Thirty |ig of protein was
fractionated on 12% Criterion XT Bis-Tris gels (Bio-Rad Laboratories B.V., Veenendaal,
the Netherlands). Samples were transferred to PVDF membranes (Millipore Immobilon,
Millipore, Bedford, MA), and incubated with chicken anti-TRIB3 peptide 3 or rabbit-anti-pactin IgG (#4970, Cell Signaling Technology, Beverly, MA). Proteins were detected using
chemiluminescent peroxidase substrate (Sigma-Aldrich, St. Louis, MO, USA) and visualized
with a ChemiDoc XRS+ imaging system (Bio-Rad Laboratories B.V.). Images and protein band
intensities were acquired using Quantity One® 1-D Analysis Software (Bio-Rad Laboratories
B.V.).
Tissue Microarray
Hematoxylin and eosin (HE) stained 4 [im sections of formalin-fïxed parafiïn-embedded
tumor sections were used to identify tumor areas by an experienced pathologist. The tumor
areas were outlined on the glass slides and used to select the appropriate area in the tissue
blocks to punch out tissue (2 mm 0) for the tissue microarrays (TMA) using a Tissue-Tek
Quick Ray puncher (Sakura Finetek Europe B.V., Leiden, the Netherlands). Four pm thick
sections of the TMA were incubated with chicken anti-TRIB3, and donkey anti-chicken biotin
labeled secondary antibody (Jackson ImmunoResearch Europe Ltd., Suffolk, UK), followed
by incubation with ABC reagent and visualization with DAB reagent (Vector Laboratories
Ltd., Peterborough, UK). Sections were counterstained with Mayer’s hematoxylin solution.
Negative control included substitution of the primary antibody with primary antibody diluent
(PAD, AbD serotec, Oxford, UK).
Colony forming assay
A colony forming assay was performed to determine cell survival [25]. Knockdown of TRIB3
was performed in MDA-MB-231 cells using siRNA transfection reagent SAINT-RED (Synvolux
Therapeutics B.V., Groningen, the Netherlands). siRNA’s MISSION® siRNA Universal Negative
Control #1 (SIC001), TRIB3 (1) (SA SI_H soi_ooi975n) and TRIB3 (2) (SA SI_H soi_ooig75i3)
were acquired from Sigma-Aldrich. After transfection the cells were seeded in 6-well plates
and normoxic or hypoxic incubation (0.1% O,, H35 hypoxystation, Don Whitley Scientific Ltd.,
West Yorkshire, UK) started 24 hours before radiation with 4 Gy. Before irradiation, cells
were sealed under hypoxia, therefore the hypoxic status of the cells was unchanged during

68

TRIB3 protein and breast cancer prognosis

irradiation. Directly after irradiation cells were transferred back into the hypoxic chamber.
Hypoxic incubation continued for 24 hours, after which all plates were cultured under
Standard culture conditions for one week to divide and form colonies. After fixation with
70% EtOH the cells were stained with 0.5% w/v Crystal Violet and colonies were counted using
a ChemiDoc XRS+ imaging system in combination with Quantity One® 1-D Analysis Software
(Bio-Rad Laboratories B.V.).
Statistical analysis
Statistical analyses were carried out using SPSS 16.0 software (SPSS Benelux BV, Gorinchem,
the Netherlands). Normality of distribution of variables was tested using Kolmogorov-Smirnov
testing. Equality of distribution of patiënt characteristic, biological markers and treatment
am ong different TRIB3 groups was tested using the Chi-square test. Non-parametric
correlations were established using Spearman Rank correlation testing. Disease free survival
(DFS) time (defined as the time from surgery until diagnosis of recurrent or metastatic
disease) and overall survival (OS) time (defined as the time between date of surgery and
death by any cause) were used as follow-up endpoints. Survival curves were generated using
the method of Kaplan and Meier. Equality of survival distributions was tested using log-rank
testing and using Cox univariate regression analyses. Two-sided P-values below 0.05 were
considered statistically significant.

Results
TRIB3 mRNA correlates with breast cancer prognosis
To validate our earlier results, TRIB3 mRNA expression levels were measured in an
independent patiënt cohort. In these patients (n=95), TRIB3 mRNA levels were significantly
higher in tumors with a triple negative phenotype (P=0.004) compared to the other breast
cancer subtypes. After dichotomizing patients based on the median expression level of TRIB3
mRNA in the tumor, the group with I0W TRIB3 mRNA expression had a DFS of 133 (0=121-144)
months whereas the group with high TRIB3 mRNA expression had a DFS of 109 (0=92-125)
months (P=o.oi6) (Supplementary Figure 1).
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Figure 1. No correlation of TRIB3 protein and mRNA
A. Western blot of 6 breast cancer cell lines protein lysates stained for TRIB3 and 6-actin as a loading
control. B. TRIB3 mRNA (+/-SD) and protein expression plotted for 6 breast cancer cell lines. C. TRIB3 mRNA
expression plotted for breast cancer patients divided into three different categories based on the TRIB3
protein levels. 0 = negative, 1 = weakly positive, and 3 = strongly positive stained for TRIB3 protein.

Development of TRIB3 antibody
Commercially available antibodies for TRIB3 showed multiple, non-specific, bands on
Western blot of both cell lines and tumor tissue (Supplementary Figure 2A). Therefore, we
developed our own TRI B3 antibodies. Three pairs of chickens and three pairs of rabbits were
immunized with three different peptides. Primary characterization of all antibodies was done
using one-sided ELISA with plates coated with original unconjugated peptides and none of
the peptides showed a cross reaction with the other peptides used (Supplementary Figure
2B). Antibodies against peptide 2 gave lower titers than peptides 1 and 3 in all animals.
After affinity purification, the antibodies against peptides 1 and 3 were tested according to
a previously described two-sided ELISA format [26]. A commercially available TRIB3 lysate
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was used as a Standard. These ELISA’s generated clear dose-response curves (Supplementary
Figure 2C). Further specificity testing was performed using W estern blotting techniques. The
antibody from the chicken immunized with peptide 3 gave a clear and predominant band at
48 kDa (Supplementary Figure 2D). This antibody was further used for immunohistochemical
staining and Western blot analyses to determine TRIB3 protein levels.
Expression levels of protein and mRNA of TRIB3 do not correlate
With the availability of an antibody for TRIB3 we tested the correlation between TRIB3 mRNA
and protein expression in 6 human breast cancer cell lines using QPCR, and Western blotting
(Figure 1A). No correlation was found between RNA and protein levels of TRIB3 (Figure 1B).
Next, we quantified TRIB3 protein expression levels in our cohort of human breast cancer
material on the TMA and compared this with TRIB3 mRNA expression levels. TRIB3 protein
expression was scored as negative (n=45), weakly positive (n=58) or strongly positive (n=i8)
(Figure 2). Here, TRIB3 protein levels did also not correlate with TRIB3 mRNA levels (Figure
1C, correlation coëfficiënt -0.042, P=o.684).

200 nm

Figure 2. TRIB3 protein expression in human breast cancer m aterial.
Human breast tum or sections present on the TMA stained for TRIB3. io ox magnification. A. A section that
was scored as negative, B. a section that was scored weakly positive, and C. a section that was scored
strongly positive for TRIB3 protein expression.

TRIB3 protein expression is correlated with breast cancer prognosis
Considering the poor correlation between RNA and protein levels, we assessed whetherTRI B3
protein levels were of relevance in breast cancer patients. Patiënt characteristics, biological
markers and treatment distribution among the three different groups of TRIB3 protein
expression, negative, weakly positive, or strongly positive, were similar for most parameters
tested (Supplementary Table 1). Only a relation of TRIB3 protein with smaller tumor size
was found (X2 P=o.oi8). Surprisingly, TRIB3 protein was related to a good prognosis, which
was in direct contrast to the RNA data we found earlier and have validated above; patients
with negative TRIB3 protein scoring had a mean DFS of 94 (CI=8 i-io 8) months, with weakly
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positive scoring had a mean DFS of 108 (0=92-123), whereas the group with a strongly
positive expression had a mean DFS of 159 months (0=135-182, P=0.014, Figure 3A). Similarly,
patients with high TRI B3 protein staining tended to exhibit a better overall survival (P=0.058,
Figure 3B). These results were independent of tumor size, as the prognostic value of TRIB3
protein remained significant after correction for tum or size in a multivariate Cox regression
(not shown).
A.
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45
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Figure 3. TRIB3 protein is correlated with prognosis.
Kaplan-M eier plots of breast cancer patients divided into three groups based on their protein expression
levels as depicted in Figure 3 (negative: closed line, weakiy positive: dashed line or strongly positive: dotted
line). A. Disease free survival, B. overall survival.

Knockdown of TRIB3 results in improved hypoxia survival of breast cancer cells
To explore the role of TRIB3 in radiotherapy and/or hypoxia resistance we performed a colony
form ing assay using human breast cancer cells after siRNA mediated TRIB3 knockdown.
Surviving fractions were corrected for plating efficiencies of the normoxic non-irradiated
cells (control siRNA 45%, TRIB3 siRNA 1 36% and TRIB3 siRNA 55%). In MDA-MB-231 cells 4
Cy of X-rays lead to a surviving fraction of 29% under normoxic conditions. In addition, 48
hours of hypoxia lead to a surviving fraction of 6 %, which was further reduced to 1% when
combined with a single fraction of 4 Gy. After transfection with two different siRNA's against
TRIB3 the survival rates exhibited a drastic increase, most notably during hypoxia (Figure 4).
After TRIB3 knockdown, the survival fractions were 43% and 30% after 4 Gy under normoxia,
whereas under hypoxia 70% and 87% cell survival was observed, respectively. Survival of
cells with TRIB3 knockdown after 4 Gy under hypoxic conditions increased to 24% and 37%,
respectively.
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Figure 4. Survival of M DA-M B-231 cells cultured under hypoxia and/or treated w ith radiotherapy.
A. TRIB3 mRNA expression of MDA-MB-231 cell treated with control siRNA, TRIB3 siRNA 1 or TR/B3 siRNA
2. B. Percentage of MDA-M B-231 cell colonies treated with 4 Cy and/or cultured under hypoxic conditions
compared to normoxic non-irradiated colonies. M DA-M B-231 cells were treated with control si RNA, TRIB3
siRNA 1 or TRIB3 siRNA 2.

Discussion
Here, we validated our earlier results that TRIB3 mRNA expression denotes a poor prognosis,
but unexpectedly also found that TRIB3 protein -a s quantified with a self-developed, highly
specific antibody- denoted a good prognosis in human breast cancer patients. siRNA mediated
knockdown experiments show that this is due to a role of TRIB3 in hypoxia sensitivity. Thus,
tumors that express high levels of TRIB3 protein will be more sensitive to hypoxia, whereas
low TRIB3 expressing tumors are more hypoxia tolerant. Hypoxia tolerance is an important
aspect of tumor progression and treatment effïcacy as hypoxia tolerant tumors are less
sensitive to different treatments in breast cancer such as radiotherapy, which is at least partly
under control of the (TRIB3 inducing) UPR [7].
The protein levels of TRIB3 are regulated by both transcriptional as well as translational
mechanisms. TRIB3 mRNA is induced by the UPR and involves the transcription factor ATF4
[6,23,27]. In addition, the NFkB and PI3K pathways induce transcription of TRIB3 [5,27]. Of
note, TRIB3 exerts a strong negative feedback loop on the ATF4, NFkB and PI3K pathways
[12-14,27]. Further, mRNA levels are stabilized by hypoxia-regulated HuR [27]. Interestingly,
during anoxia in vitro protein levels of TRIB3 increase earlier than mRNA levels [4,27]. This
indicates that not only transcriptional but also additional hypoxia-associated translational
mechanisms regulate TRIB3 protein levels on a relatively short time scale. Thus the TRIB3
protein levels, as found in human breast cancer tissue, are the result of a number of regulatory
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feedback loops and temporally distinct events. The discrepancy in results considering the
described cytoprotective [13] as well as pro-apoptotic roles of TRIB3 [6] might, consequently,
be caused by the fundamentally different correlations of TRIB3 mRNA and protein with
tumor phenotype. Furthermore, the fact that TRI B3 is responsible for the set point in several
regulatory feedback loops could also contribute to these discrepancies.
A great number of studies have used QPCR and/or expression profiling to investigate the
role of particular genes in prognosis or treatment sensitivity of human breast cancer, most
notably the Oncotype DX and Mammaprint assays, respectively [28]. Our results presented
here indicate that these data on mRNA levels do not necessarily translate to protein, nor to
function, of all genes. Our mRNA data results, with TRIB3 mRNA being correlated with poor
prognosis, should be considered indicative of a process that both stimulates TRIB3 mRNA
transcription and/or mRNA stability, and is associated itself with a poor prognosis. However,
caution should be given that the association of gene ontologies with prognosis or treatment
sensitivity cannot function as proof of a functional relation. As such, much more credence can
be given to studies into the association of (phospho)proteins with prognosis [29].
In conclusion, whereas mRNA levels of TRIB3 are related with a poor prognosis, TRIB3 protein
is associated with a good prognosis in human breast cancer patients, apparently due to the
fact that TRI B3 is involved in hypoxia and treatment tolerance. Our results on TRI B3 described
here suggest it to be an interesting target for sensitizing cells to cancer therapy, because
modifying the set point of different intracellular signaling pathways could drastically change
the survival balance of the tumor cells under stressful microenvironmental circumstances or
during treatment.
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Supplem entary figure 1: TRIB3 m RNA is correlated w ith prognosis.
Kaplan-M eier plots of breast cancer patients dichotom ized based on median TRIB3 mRNA expression level
(low expression: closed line, high expression: dotted line). A. Disease free survival. B. Overall survival.
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Supplem entary Table 1: Patiënt characteristics am ong TRIB3 protein expression groups.
Variable
negative (n=45)

TRIB3 protein
w eakly positive (n=57)

Age (years)
<50
>50

17
28

43

M enopausal status
Premenopausal
Postmenopausal

16

14

29

Nodal category
Negative
< 4 nodes
>4 nodes
Tum or type
Ductal
Lobular
Other (mixed/unknown)
Tum or size
pTo
pTi
pT2
PT3/4

strongly positive (n=i8)

X2
P

3
15

O.167

43

2
16

0.124

44
1
0

53
4
0

17
1
0

34
1
10

48
6

15
2
1

14
.

2
18

3
0

1

29
27
1

14
3
0

2

1

7

14
32

1
2

19
6

Histological g ra d e (a)
I
II
III

24

Estrogen R eceptor(a)
negative
positive

34
10

38

Progestrone Receptor(a)
negative
positive

O.54

0.479

0.018

9

0.603

19

9
8

0.288

37
7

45
12

13
4

0.863

HER2
negative
positive

33
12

40

12
6

O.861

surgery
m astectom y
lum pectom y

25
20

20
37

9
9

0.107

radiotherapy
yes
no

23
22

41
16

9
9

0.06

44
1

53
1

17
1

0

3

0

adjuvant system ic therapy
none
endocrine
chem o+endocrine

17

0.318

(a) due to missing values, totais do not always add up

77

H

Chapter4

B.

A.

cross reactivity assay chicken
TRIB3 peptide 3

/

■
E

. /

o
m
O

-7 5
.-5 0
1-37

_

_

0

TRIB3 peptide 1

c.

TRIB3 peptide 2

TRIB3 peptide 3

D.

Ny

dose-response curve trapping
antibody chicken TRIB3 peptide
3

O}

>& >£< v£<
P
, >&
0
J S ' v lr

er 2/ o o
^
<>
&
c~ c- O
<>
os^

■&
c f

^
^
<3?

£

£
^

-7 5
20

40

60

80

100

120

TRIB3 recombinant protein (ng/ml)

-5 0
-3 7

Supplem entary figure 2: Polyclonal chicken anti-TRIB3 antibody specifïcity.

A. Four different com m ercially availabie antibodies and the chicken anti-TRIBs peptide 3 antibody tested
on Western blotting ioaded with 30 pg protein of SKBR3 cell lysate. TRIB3 protein size is estimated to be
approxim ately 48 kDa.
B. One sided EUSA was used to test cross-reactivity between the produced antibodies and the peptides
used. Plates were coated with unconjugated peptide 1, 2 or 3 and incubated with chicken anti-peptide 3. No
cross reactivity was observed.
C .ln a two sided EUSA the plates were coated with trapping antibody chicken anti-peptide 3 and incubated
with TRIB3 recombinant protein before catching with a rabbit anti-peptide 1 was performed. A clear doseresponse curve was found with increasing concentration of recombinant protein.
D. Two antibodies from chickens and two antibodies from rabbits raised against peptide 1 and peptide 3
were tested on Western blot against MDA-/VIB-231 cell lysate. Chicken anti-TRIB3 peptide 3 gave a specific
band of the correct protein size.
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Abstract
Tribbles homolog 3 (TRIB3) is a scaffold protein activated under hypoxic conditions and
involved in several cell survival and proliferation pathways. Recently, we reported opposite
associations of TRIB3 mRNA and protein with breast cancer prognosis. In this study we
investigated this discrepancy between TRIB3 mRNA and protein in human breast cancer.
We provide several lines of evidence demonstrating that TRIB3 is a stabile protein which
levels are not controlled by rapid protein breakdown. Interestingly, we were able to show
that duringanoxia TRIB3 m RNAtranslation was profoundly inhibited. Hypoxia induced micro
RNA 24 was not responsible forthe translational repression of TRIB3. Furthermore miRNA-24
expression levels in breast cancer patiënt specimens showed no correlation with TRIB3
mRNA or TRIB3 protein levels, or with prognosis. Thus, the expression of miRNA-24 does
not explain the difference between mRNA and protein expression of TRIB3 in this cohort
of breast cancer patients. In conclusion, TRIB3 protein is a stable protein which levels are
predominantly regulated by translational control of TRIB3 mRNA transcript.

Introduction
Tribbles homolog 3 (TRIB3) is a protein involved in multiple signaling pathways, including
MAPK [1], TGF-beta [2,3], NF k B [4,5] and the PI3K pathway [6]. TRIB3 mRNA levels are
upregulated by a variety of stresses, including hypoxia [7]. It is found that high TRIB3 mRNA
expression is associated with a poor prognosis in both breast cancer and colon cancer
[7,8,9]. Surprisingly, in the same group of breast cancer patients we found that TRIB3 protein
expression had an opposite relation with prognosis [9]. High TRIB3 protein expression
denotes a good prognosis. In oral tongue squamous cell carcinomas it was also found that
TRIB3 protein expression was associated with a good prognosis [10].
These results spurred us to further investigate the control mechanisms responsible for TRI B3
protein expression. It is a general assumption that a gene is transcribed into mRNA, which
is then directly translated into protein. The amount of transcribed mRNA thereby -a t least
partly- reflects the final amount of protein. Much of the mechanistic conclusions drawn from
expression profiling studies in, for example, breast cancer are based on this premise. During
the last decades, however, it has become clear that there are multiple ways to control protein
levels, and thatTRIB3 is a protein that might be tightly regulated on several levels.
Rzymski et al. showed that after anoxic exposure TRIB3 protein levels are increased at earlier
time points than mRNA upregulation [4], suggesting rapid regulation of TRIB3 protein levels
under hypoxia. Further, Ohoka et al. described that TRIB3 is an unstable protein that is
ubiquitinated by cdhi and thereby tagged for proteasomal degradation [11], a degradational
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process that plays an important role in protein level regulation. Hu-antigen R (HuR) also
contributes to the increased expression of TRIB3 protein through increased translation
and transcript stability under anoxia [4]. HuR is believed to bind to AU-rich elements in
mRNAs and thereby it regulates both the stability and cytoplasmic/nuclear localization of
mRNAs. One of the mechanisms potentially responsible for the discordance between TRIB3
mRNA and protein levels could be through expression of a class of small non-coding RNAs
called microRNAs (miRNAs). miRNAs play an important role under both physiological and
pathological conditions. Long pre-cursor miRNA called pri-miRNA are transcribed from the
genome and are subsequently processed by the ribonucleases Drosha and Dicer into 21-24
nucleotide mature. In mammalian cells these mature miRNAs mostly hybridize imperfectly
to the 3’UTR of target mRNAs and either cause mRNA instability or suppression of their
translation. Due to the imperfect homology miRNAs can regulate multiple mRNA targets. It
is estimated that all known miRNAs regulate up to 30% of the genes in the human genome
[12,13]. So far the only experimentally validated miRNA that targets TRIB3 is miRNA-24
(miRWalk [3,14]). This miRNA is upregulated during hypoxia [3,15], and is interestingly
involved in similar signaling pathways as TRIB3 itself namely TGF-beta [3,16,17,18] and MAPK
signaling [19]. Furthermore it plays a role in cell cycle regulation [20,21] and is frequently deregulated in tum or cells [21]. Therefore, we hypothesized that miRNA-24 could be involved in
TRIB3 mRNA translational regulation during hypoxia.
Here, we investigated the discrepancy between TRIB3 mRNA and TRIB3 protein levels. For
this we analyzed protein degradation and mRNA translation rates of TRIB3 in breast cancer
cell lines under normoxic and hypoxic conditions. Furthermore, we used a patiënt cohort to
investigate if miRNA-24 could mediate translational inhibition of TRIB3 mRNA, and whether
the level of miRNA-24 itself has prognostic value in breast cancer.

Materials and methods
Ethics statement
As approved by the Radboud University Nijmegen Medical Centre Institutional Review Board
and according to the “Code Proper Secondary Use of Human Tissue” developed by the
Federation of Medical Societies (FMWV) in the Netherlands and Dutch national law, coded
tumor tissues from anonymized patients were used. This study was performed according to
REMARK guidelines [22].
Patiënt samples
Frozen breast cancer tissue sections were available from in total 94 patients who had
undergone resection of their primary tumor. The patiënt cohort is as described before with
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one failure due to missing miRNA 24 value [9]. Breast cancer patients were selected from a
cohort treated between January 1991 and December 1996, that were not treated systemically,
and had at least 5 years follow up or a recurrence before that. The selection criteria resulted
in a patiënt cohort with 25% ER positive, 13% PR positive, 30% HER2-positive, and 44% triple
negative patients.
Breast cancer cell lines
Human breast cancer cells MDA-MB-231 and MCF-7 (ATCC, LGC Promochem, London, UK)
were cultured for a limited number of passages in Standard culture medium (DMEM with
10% dialyzed FCS, 2 mM L-glutamine, 20 mM HEPES, penicillin/streptomycin, and nonessential
amino acids (all PAA Laboratories, Pasching, Austria)) at 37 °C with 5% C 0 2, unless stated
otherwise.
Knockdown of TR/B3 was performed using siRNA transfection reagent SAINT-RED (Synvolux
Therapeutics B.V., Groningen, the Netherlands). siRNA’s MISSION® siRNA Universal Negative
Control #1 (SIC001) and TRIB3 (SA SI_H soi_ooig75n) were acquired from Sigma-Aldrich
(Sigma-Aldrich Chemie B.V., Zwijndrecht, the Netherlands). After transfection siRNA’s were
giving 24 hours to reduce TRI B3 mRNA levels and thereafter treated for 24 to 48 hours before
harvesting of the cells.
For incubation under hypoxic conditions a hypoxic culture chamber was applied (H35
hypoxystation, Don W hitley Scientific, W est Yorkshire, UK). Treatment of cells was performed
with 1 or 10 |j M of the proteasome inhibitor MG132 (Calbiochem, La Jolla, CA, USA), 50 pM
chloroquine disphosphate salt (CQ, Sigma-Aldrich Chemie BV, Zwijndrecht, the Netherlands)
and 100 |Jg/ml cycloheximide (CHX, Sigma-Aldrich Chemie BV). In the experiments where we
combined treatment with hypoxia exposure compounds were added immediately before the
cells were transferred into the hypoxic culture chamber.
Western blot analysis
Cells were harvested in RIPA buffer (PBS (Klinipath, Duiven, the Netherlands), MQ (Sterile
H20 , Versol®, Lyon, France), NP-40 (Sigma-Aldrich Chemie BV), Sodiumdesoxycholate
(VWR International BV, Amsterdam, the Netherlands) and SDS) with phosphatase and
protease inhibitors (Roche, Indianapolis, IN, USA). Samples were sonicated, centrifuged
and supernatant was stored at -80 °C . Protein quantification was performed using a Pierce®
BCA Protein Assay Kit (Thermo Scientific, Etten-Leur, the Netherlands). Thirty microgram
of protein was fractionated on 4-20% Criterion XT Bis-Tris gels (Bio-Rad Laboratories
BV). After electrophoresis, samples were transferred to PVDF membranes (Millipore
Immobilon, Millipore BV, Amsterdam, the Netherlands). Membranes were blocked with 5%
NFDM (Blotting Grade Blocker Non-Fat Dry Milk, Bio-Rad Laboratories BV) and incubated
with the appropriate antibodies (mouse anti-a-tubulin (1:1000, Cell Signaling Technology,
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BIOKÉ, Leiden, the Netherlands) rabbit anti-p-catenin (1:1000, Cell Signaling Technology)
or chicken anti-TRIB3 peptide 3 (1:500, characterized in [9])). Proteins were detected using
chemiluminescent peroxidase substrate (Sigma-Aldrich Chemie BV) and visualized with
a ChemiDoc XRS + imaging system (Bio-Rad Laboratories BV). Images and protein band
intensities were acquired using Quantity One® 1-D Analysis Software (Bio-Rad Laboratories
BV). Signal intensities were quantified using gel analyze tools from Image J [23] and corrected
for a-tubulin intensities detected on the same blot.
Polysomal fractionation and analysis
Polysomal fractionation and analysis was performed as described previously [24].
Cells were treated with 0.1 mg/ml cycloheximide (CHX) for 3 min at 37 °C, washed twice with
ice cold PBS/CHX and harvested by scraping in lysis buffer (1% Triton X-100, 0.3 M NaCl, 15
mM MgCI2, 15 mM Tris (pH 7.4), 0.1 mg/ml CHX, 100 units RNAse-ln (Ambion)) at 4 °C. Nuclei
were removed and residual debris was removed by centrifugation. The lysate was layered
on aio ml continuous sucrose gradiënt (20 -50 % sucrose in 15 mM M g Cl2,15 mM Tris (pH 7.4),
0.3 M NaCl). After 90 min of centrifugation at 260,000 g at 4 °C, the absorbance at 254 nm
was measured continuously as a function of gradiënt depth in a BioRad Laboratories UV
monitor. Translation efficiency was defined as the sum of the relativeTRIB3 mRNA expression
multiplied by the average number of ribosomes within each fraction divided by the total
amount of TRIB3 mRNA.
m iRNA measurement
Total RNA from frozen tissue sections or cell cultures was isolated with the total RNA
purification kit (Norgen Biotek Corp., Ontario, Canada). For the tissue sections an adjacent
H&E stained section was used to determine the percentage of tumor cells in the tissue.
Reverse transcriptase reaction was performed with NCode™ VILO™ miRNA cDNA Synthesis
Kit (Invitrogen, Carlsbad, CA, USA) and miRNA expression was determined using Sybr Green
M aster Mix (Applied Biosystems, Nieuwerkerk a/d iJssel, the Netherlands) with miRNA-24
forward primer (gctcagttcagcaggaac) or RNU6 forward primer (cgcaaggatgacacgcaaattc,
both Biolegio BV, Nijmegen, the Netherlands) and Universal qPCR primer (Invitrogen)
on an CFX96 realtime PCR detection system (Bio-Rad Laboratories BV, Veenendaal, the
Netherlands). All samples were normalized for levels of RNU6 expression.
Statistical analyses
Statistical analyses were carried out using SPSS 16.0.5 software (SPSS Benelux BV, Gorinchem,
the Netherlands). Normality of distribution of variables was tested using Kolmogorov-Smirnov
testing. Differences were assessed with parametric unpaired t-tests and bonferroni’s multiple
comparison test or non-parametric Mann-W hitney U tests (fo rtw o groups) or with Kruskall-
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Wallis tests (for more than two groups) where appropriate. Non-parametric correlations
were established using Spearman Rank correlation testing. Disease free survival (DFS) time
(defined as the time from surgery until diagnosis of recurrent or metastatic disease) and
overall survival (OS) time (defined as the time between date of surgery and death by any
cause) were used as follow-up endpoints. Survival curves were generated using the method
of Kaplan and Meier, after patients were categorized by miRNA-24 expression in either
two or three equally sized groups, thus either at the p50, or at the P33 and p66. Equality of
survival distributions was tested using log-rank testing, with Mantel-Cox test for trend when
more than two groups were analyzed. Two-sided P-values below .05 were considered to be
statistically significant.

Results
TRIB3 knockdown does not affect TRIB3 protein expression
During our studies to investigate the biological relevance of TRIB3 for the adaptation to
hypoxic conditions we developed a TRIB3 knockdown model. This siRNA approach was
successful in decreasingTRIB3 mRNA levels compared to cells treated with negative control
siRNA (SCR) during normoxia and hypoxia (P = <.001) (Figure 1A). Even though the mRNA
levels were profoundly reduced by the siRNA mediated knockdown the protein levels did not
diminish in these cells neither under normoxic nor hypoxic conditions (P = .80) (Figure 1B).
This data suggests that TRIB3 is a very stable protein.
TRIB3 protein degradation
To determine the rate of protein degradation through the proteasome we treated breast
cancer cells with the proteasome inhibitor MG132. MDA-MB-231 cells were exposed to 0, 2, 6,
or 16 hours of hypoxia (0.1% oxygen) and treated with MG132. In the cell-lysates from these
cells we determined protein concentrations of (3-catenin, TRIB3 and a-tubulin using western
blotting (Figure 2A). p-catenin protein expression was used as a positive control to confirmed
the effect of MG132 on proteasomal degradation. This protein was clearly more abundant
in all samples treated with MG132, confirming the inhibition of proteosomal degradation in
these samples. However, TRIB3 protein levels did not change after treatment with MG132 nor
after exposure to hypoxia, indicating that TRIB3 is not degraded by the proteasome. Thus,
proteosomal degradation is not involved in the apparent strict regulation of TRIB3 protein
levels in breast cancer cells.
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Figure 1. Effect of siRNA m ediated knockdow n of TRIB3 on m RNA and protein levels. A. Fold induction
of TRIB3 mRNA in M DA-M B-231 cells during norm oxia and after 24 hours of hypoxia (1% oxygen) treated
with negative control siRNA (SCR) or siRNA m ediated TRIB3 knockdown (TRIB3-KD) (n=8). B. Fold induction
of TRIB3 protein intensity in MDA-MB-231 cells during normoxia or after 24 hours of hypoxia (1X oxygen)
treated with negative control siRNA (SCR) or siRNA mediated TRIB3 knockdown (TRIB3-KD) (n=3). Protein
intensities were controlled for a-tubulin intensities on sam e b lot. F old induction are averages (+ SD) relative
to levels in cells treated with control siRNA (SCR) during normoxia.

Next we assessed whether TRIB3 protein levels might be affected through the autophagic
pathway. Chloroquine (CQ) was used to block autophagy allowing us to measure the
autophagic flux in MDA-MB-231 cells that were culture under normoxic or hypoxic (1% oxygen)
conditions for 2, 6 ,16 or 24 hours. Treatment with CQ under normal conditions resulted in an
increased accumulation of LC3bl and II consisted with a blocked autophagic pathway (Figure
2B). Under hypoxic conditions the LC3BII form accumulates indicating a high flux through the
autophagic pathway and thus more active autophagy. Blocking autophagy however did not
lead to an increase in TRIB3 protein expression. This data rules out autophagy as a potential
regulator of TRI B3 protein levels.
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Figure 2. Effect of proteasom e inhibition on TRIB3 protein levels. A. Western blot of MDA-MB-231 cells
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and a-tubulin (loading control). C. MDA-MB-231 cells treated with cyclohexim ide (CHX) and exposed to
hypoxia (1% oxygen) im m unostained for HIF-1 (positive translation inhibition control), TRIB3 and a-tubulin
(loading control). D. M CF-7 cells treated with cycloheximide (CHX) and exposed to hypoxia (1% oxygen)
im m unostained for HIF-1 (positive translation inhibition control), TRIB3 and a-tubulin (loading control).
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The protein stability of TRIB3
Since in our hands neither inhibiting the proteasome nor inhibiting the autophagy pathway
seems to effect TRIB3 protein expression in MDA-MB-231 cells the stability of the protein
was determined using a translational inhibitor cycloheximide (CHX). To test whether the
TRIB3 breakdown rate is cell line dependent we used MDA-MB-231 as well as MCF-7 cells.
Cells were exposed to CHX during normoxic or hypoxic (1% oxygen) conditions for 2, 6, 24
or 48 hours. HIF-1 expression was used as a positive control for the translational inhibition.
During normoxic conditions HIF-1 protein was barely detectable using western blotting in
both cell lines (Figure 2 C and D), consisted with the extremely short half-life of HIF-1 under
aerobic conditions. As expected hypoxic conditions results in remarkably higher HIF-1 protein
levels due to the inhibition of oxygen dependent degradation of HIF-1. Translational inhibition
reduced HIF-1 levels during normoxia and this effect was more obvious during hypoxia. In the
MDA-MB-231 cells TRIB3 protein levels did not change as a result of translational inhibition.
For MCF-7 cells an increase is seen in TRIB3 levels both during normoxia and hypoxia when
treated with CHX for 2 and 6 hours. A decrease in TRIB3 levels is seen in the MCF-7 cells
treated with CHX for 48 hours, however this decrease is also observed for a-tubulin. CHX
treatment for 48 hours was toxicto the cells and the reduction in the num berof cells used for
protein extraction led to a lower protein amount loaded on the gel. These results show that
TRIB3 is a relative stable protein with half lives comparable to a-tubulin under both normoxia
and hypoxia.
TRIB3 mRNA translation is reduced by anoxic exposure
To further investigate the discrepancy between TRIB3 overall mRNA and protein levels
we measured TRIB3 mRNA translation upon anoxia. RNA isolated from MCF7 cells was
separated through sucrose gradients based on the number of ribosomes associated with
the RNA. Exposure to anoxic conditions for 24hrs caused an inhibition of general translation
(Figure 3A). TRIB3 mRNA levels were -5-fo ld up regulated in MCF7 cells upon anoxia
(P = .035, Figure 3B). Nevertheless anoxia caused a change in the distribution of the TRIB3
mRNA within the polysome. More TRIB3 mRNA was detected within the fractions containing
less ribosomes (fractions L+M) compared to aerobic conditions where most of the TRIB3
mRNA is associated with many ribosomes (H fraction) (Figure 3C). As the number of
polysomes on the RNA reflects the extent of translation into protein, these results indicate
that anoxia inhibits the translation of TRIB3 mRNA into protein. Finally, we calculated the
translation efficiency for TRIB3 as described in the material and methods. Consistent with
the tendency of TRIB3 mRNA to be associated with less ribosomes, the translation efficiency
is profoundly reduced under anoxic conditions (P = .0399, Figure 3D). This data suggest
that translational control of TRIB3 mRNA can explain discrepancies between TRIB3 mRNA
abundance and protein levels, especially under oxygen deprived conditions.
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of anoxic conditions during 24 hours. B. TRIB3 mRNA levels determined by Q-PCR in the total RNA fraction.
C. TRIB3 mRNA distribution within the polysome. D. Change in translation efficiency of the TR/B3 mRNA after
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miRNA-24 expression in breast cancer cells during hypoxia
Repression of TRIB3 mRNA translation could potentially be mediated through hypoxia induced
miRNAs. Analysis of the 3’UTR of TRIB3 using the prediction algorithm TargetScan revealed
miRNA24 as a potential candidate[i3,25]. First we determined whether hypoxia indeed
upregulates miRNA-24 levels in breast cancer cells during hypoxia. For this we quantified
miRNA-24 expression in MDA-MB-231 breast cancer cells exposed for 24 hours to 0.5%, 0.2%,
or 0.1% oxygen. Hypoxia indeed caused an induction in miRNA-24 expression ranging from
2.4 to 6.5 fold (P = 0.029). The strongest induction was observed in the cells exposed to
the lowest oxygen concentration (Figure 4). Thus, miRNA-24 is a potential candidate marker
that could explain the opposite association of TRIB3 mRNA and protein with breast cancer
prognosis.
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Figure 4. m iRNA-24 expression after
hypoxia. Expression levels (average +/- SD,
n=4) m easured by RT-qPCR of m iRNA-24
controlled for RNU6 expression in MDA-MB-231
cells exposed to 0.5%, 0.2% or 0.1X oxygen
during 24 hours.
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miRNA-24 expression in breast cancer patients
Next, we assessed whether an inverse correlation exists between miRNA-24 and TRIB3 mRNA
or protein levels in breast cancer patients. miRNA-24 expression was detectable in all 94
available breast tum or samples. The miRNA-24 levels were not log-normally distributed and
therefore non-parametric statistical tests were used. TRIB3 mRNA and protein expression
were determined and scored as described before [9]. There was no correlation between
miRNA-24 levels and m R N A (rs=-.09i, P=.383) or protein (rs=.oog, P=.932) levels of TRIB3 (Table
1). Next, patients were divided into 6 groups based on low or high TRIB3 mRNA expression
and negative, w ea ko rstro n g T R IB 3 protein expression. There was no difference in miRNA-24
expression between these groups (P=.7, Table 2), indicating that miRNA-24 could not explain
the discrepancy in TRIB3 mRNA and protein levels in these patients.
Table 1. Correlation betw een m iRNA-24 expression and TRIB3 m RNA and protein expression.
miRNA-24

TRIB3 protein

TRIB3 m RNA

TRIB3 protein

Correlation
Coëfficiënt"

-.091

.009

P

.383

.932

n

94

94

Correlation
Coëfficiënt3
P
N

-.043
.683
94

“Spearm an’s rho
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Figure 5. Breast cancer patiënt survival based on m iRNA-24 expression levels. A. Disease free survival in
patients stratified according to miRNA-24 expression beiow or above median. B. Overall survival in patients
stratified according to m/RNA-24 expression below or above median (o .g x w 3). C. Disease free survival in
patients stratified according to tertiles miRNA-24 expression below 0.5x1 O'3, above 1.2x103 or in between.
D. Overall survival in patients stratified according to tertiles miRNA-24 expression below 0.5X103, above
1.2X10'3 or in between.

Table 2. m iRNA 24 expression levels in groups w ith accordance and discordance between TRIB3 m RNA
and protein.
TRIB3 protein score

negative

weak

Strong

TRIB3 mRNA
cm edian

>median

92

n

14

27

6

median miRNA24/RNU6 (* 10 3)

0.8

0.89

0.9

interquartile range m iRNA24/RNU6 (*10‘3)

1.49

1-43

0.99

17

24

6

median m iRNA24/RNU6 (* 10 3)

0.88

0.6

1.15

interquartile range m iRNA24/RNU6 (* 10 3)

1.34

1.16

0.9

n
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Finally, we determined whether miRNA-24 expression on its own has any clinical value.
miRNA-24

expression

levels

exhibited

no association

with

any

clinicopathological

characteristic tested besides histological grade(grade l/ll vs. III, 0.610 vs 0.910 median miRNA
expression *10'3, P -.0 2 ) (Table 3). Furthermore, miRNA-24 did not show a relation with DFS
or OS when the patiënt group was split according to expression levels into 2 groups at the
median (P=.83 and P=-93) or into 3 groups at 33% and 66% (P=.73 and P=.96) (Figure 5).
Table 3. Associations of miRNA-24 expression levels w ith clinicopathological characteristics.
Variable

N= 94a

Median
Interquartile range
(* 10 3 m iRNA-24/RNU6) (* 10 3 miRNA-24/RNU6)

pb

Age (years)
<50

28

250

64

0-755
0.915

0.75
1.40

0.38

0.58

Menopausal status
Premenopausal

26

0.795

0.87

Postmenopausal

68

0.890

1.41

Lobular

75
8

0.840
1.060

0.99
1.84

Other (mixed/unknown)

11

0.940

1.19

49
40

0.870

0.98

0.840

1.41

4

0.875

1.18

22

0.610
0.910

0.75
1.32

0.02

53

negative

65

0.880

1.02

0.69

positive

27

0.710

1.16

Progestrone Receptor
negative

77

0.890

1.38

positive

15

0.670

0.67

1.36
0.92

Tum or type
Ductal

0.87

Tum or size
pTi
pT2
PT3/4

1.00

Histological grade
I/U
III
Estrogen Receptor

0.40

Human Epidermal Growth
Factor Receptor 2
negative

67

0.830

positive

25

0.890

0.90

aDue to missing values, numbers do not always add up to 94.
bP tested with M ann-Whitney U test or Kruskal-W allis Test where appropriate.
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Discussion
Recently it has been described that patients with tumors that express more TRIB3 mRNA
exhibit a poor prognosis[7,8,g], whereas in patients tumors with high levels of TRIB3 protein
as established by immunohistochemistry were associated with a good prognosis [9,10]. TRIB3
protein expression is most likely related to function and it is, therefore, that TRIB3 is probably
functionally associated with a good prognosis. Indeed, previously TRI B3 has been found to be
involved in ER stress induced cell death [26,27,28]. The important role for TRI B3 in cell survival
under hypoxic conditions was indicated by the observation that after knockdown of TRIB3
cell survival was increased under hypoxia [9]. Thus, the relation of TRIB3 protein with a good
prognosis in breast cancer patients could be due to its role in hypoxia-induced cell death.
Tumors that are more hypoxia sensitive are less aggressive and respond better to for instance
radiotherapy [29,30]. On the other hand, the finding that high TRIB3 mRNA is associated with
a poor prognosis suggests that any mechanism that is involved in the induction of TRIB3
mRNA is also involved in tum or progression and/or treatment resistance. Data supports that
the CHOP/ATF4 arm of the unfolded protein response (UPR) which is responsible for TRIB3
upregulation during hypoxia [7] protects tumor cells during hypoxia [31].
The discrepancies between TRIB3 mRNA and protein and their opposing relation with breast
cancer prognosis spurred us to investigate the regulatory mechanisms involved in TRIB3
translation. siRNA mediated knockdown of TRIB3 mRNA had no effect on TRIB3 protein
levels in breast cancer cells. Further, inhibition of proteasomal degradation or autophagy
had no appreciable effect on TRIB3 protein levels during normoxia or hypoxia and inhibition
of translation indicated TRIB3 to be a stable protein. The upregulated of TRIB3 levels after
inhibition of translation that was observed could be due to an effect on a protein that is
involved in TRIB3 protein regulation. We could confirm that the only so far known TRIB3
specifk micro RNA (miRNA-24) was upregulated during hypoxia in breast cancer cells.
However, miRNA-24 levels did not correlate with either mRNA or protein expression of
TRIB3 in breast cancer patients. While miRNA-24 has previously been described as a cell typespecific oncogene and tum or suppressor [21,32,33,34] we did not fïnd any prognostic value
for miRNA-24. Martin et al. suggest that the passenger strand miR-24-2*, which does not
bind TRIB3, might be involved in the opposing oncogenic and tumor suppressive roles of
miRNA-24 [ 3 5 ]TRIB3 mRNA is induced by hypoxia and ER stress via the PERK/ATF4/CHOP arm of the unfolded
protein response (UPR) [7,26,36]. In addition, the N F k B pathway regulates TRIB3 expression
after anoxia and Hu-antigen R (HuR) stabilizes the mRNA of TRIB3 [4]. Other pathways in
which TRIB3 is involved are the MAPK [1], TCF-beta [2,3] and PI3K pathway [6,37,38,39].
Interestingly, TRIB3 reportedly constitutes a feedback loop with almost all of these pathways
[1,2,4,6,27,40,41]. The combination of all these pathways and multiple feedback loops
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contributes to a tight regulatory control of TRIB3 emphasizing the importance of TRIB3
protein function. TRIB3 is involved in regulating multiple pathways in cell survival and could
thereby affect cell survival and cancer prognosis. Understanding TRIB3 protein regulation
mechanisms in more detail could provide valuable information for means to regulate cancer
cell survival.
Rzymski et al. explored regulation mechanisms that could contribute to the control of TRIB3
[4]. They determined that the anoxia-induced upregulation of TRIB3 protein is faster than,
and therefore probably not dependent on, TRIB3 mRNA upregulation [4]. Their focus was
mainly on the regulation of mRNA levels rather than on protein levels. Here we studied
mechanisms that effect protein regulation, as we found that attenuating TRIB3 mRNA levels
using siRNA had no effect on TRIB3 protein levels. TRIB3 protein has been described to be
tightly regulated by proteasomal degradation via ubiquitination by cdhi [11,42]. An unstable
protein is for its stimulation more dependent on the degradation rate than on the mRNA
expression as protein levels could increase quickly when protein degradation is diminished
without increasing levels of mRNA. This could explain the more rapid increase of TRIB3 protein
compared to mRNA under anoxic conditions [4]. We could not find any effect of inhibiting
proteasomal degradation on the TRIB3 protein levels in breast cancer cells both during
normoxia and hypoxia. The UPR has also been described to play a role in the activation of the
autophagy pathway, which can also degrade proteins. Inhibiting autophagy did also not affect
TRIB3 protein levels. Therefore, we wondered whether TRIB3 protein was in breast cancer
cells as unstable as suggested before [4]. Infact, inhibiting the translation showed that TRI B3
protein is stable throughout 48 hours under both normoxic and hypoxic conditions. Being
a stable protein both under normoxic and hypoxic conditions the discrepancies between
mRNA and protein are more likely to arise in the translational step between them. Our
observation that TRIB3 mRNA translation is reduced under anoxic conditions even though
mRNA levels are increased further strengthens this hypothesis. One possible explanation
could be that activation of the UPR leads to an upregulation of TRIB3 mRNA but also results
in general translational inhibition [24]. However, a negative feedback loop via GADD34 leads
to the dephoshorylation of elF2a and thereby might promote recovery from this translational
inhibition [43]. miRNAs are also capable of inhibiting translation of the mRNA transcript.
Thus, TRIB3 specific miRNAs such as miRNA-24 (miRWalk, [3,14]) might attenuate TRIB3
protein levels even in the presence of high mRNA levels. We found that miRNA-24 is hypoxia
regulated in breast cancer cells, which is in line with what has been reported for other cell
types [3,15]. The exact oxygen tension might be of relevance for TRIB3 protein regulation.
TRIB3 mRNA levels increase at both 0.1 and 1% oxygen, whereas TRIB3 protein only increases
at 1% oxygen. As we found, this is not caused by increased degradation via the proteasome at
0.1% oxygen. Possibly, the induction of miRNA-24 at 0.1% oxygen precludes TRIB3 mRNA from
being translated to TRI B3 protein. However, we did not find a relation between miRNA-24 and
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TRIB3 protein or mRNA. Although miRNA-24 was the miRNA with the lowest p-value (<.001)
of the 9 predicted miRNA’s forTRIB3 (miRWalk, [14]), it could well be that other miRNAs are
responsible for the discrepancies found.
In conclusion, we showed that TRIB3 is a stable protein and that translational control is most
likely responsible for the discrepancies between TRIB3 mRNA and protein. Further research
is needed to understand the mechanisms through which TRIB3 is translationally regulated in
more detail.
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Abstract
Tumor hypoxia results in poor treatment response and is an indicator of poor outcome of
cancer patients. Here we set out to establish which kinase-signaling pathways are regulated
by hypoxia and whether these kinases are relevant for breast cancer prognosis.
Using a phospho-kinase antibody array we found that the phosphorylation status of ERK1/2,
AKT, P70 S6 kinase, Lek and STAT3 were altered in both MCF7 and MDA-MB-231 breast cancer
cells. Using Western blotting phosphorylated AKT (pAKT) was shown to increased in hypoxic
conditions. Knockdown of TRIB3 attenuated this effect of hypoxia on AKT activation. Both
pAKT and TRIB3 were expressed in pimonidazole positive, hypoxic, areas of human breast
cancer tumors. In breast cancer patients a significant lower 5-year disease free survival (DFS)
was observed for the pAKT positive compared to the pAKT negative group (64.7% vs 86.4%,
P = . 03).
In conclusion, the phosphorylation status of AKT is increased in hypoxic conditions and TRI B3
knockdown attenuates this response. Furthermore, pAKT expression denotes a poorer
prognosis in breast cancer patients. The hypoxia related activation of AKT could explain
resistance to various treatments, such as chemo- and radiotherapy.

Introduction
Tumor hypoxia is an important microenvironmental factor determining the prognosis of cancer
patients and therapy sensitivity in solid tumors 1‘3. Often, tumor cells are capable of surviving
in a hypoxic m icroenvironm ent4. Kinases play an important role in signal transduction from
the environment into the cell and thus in the adaptation to stressful microenvironmental
conditions such as hypoxia.
Tribbles homolog 3 (TRIB3) has been described to regulate multiple kinase signaling routes
such as the NF k B-, MAPK- and PI3K/AKT pathways 5'7. TRIB3 is a pseudokinase containing 12
subdomains that belong to the protein kinase superfamily, but has no kinase activity itse lf8.
It functions as a scaffold protein, for example by binding to the phosphorylation domains of
AKT, thereby preventing the activation of this protein 5. In breast cancer cells TRIB3 mRNA is
upregulated by hypoxia via the transcription factors ATF4 and C H O P 9, which are both part of
the unfolded protein response (UPR)'°. The UPR is a pathway that has a cytoprotective effect
during stress conditions by protecting cells from apoptosis and induction of autophagy1V2.
Recently, we described how TRI B3 is involved in the ability of breast cancer cells to survive in
hypoxic conditions and prognosis of cancer patients '3. We hypothesized that TRIB3 affects
specific kinase signaling pathways induced by hypoxia that are involved in providing tumor
cells with the chance to survive under stressful microenvironmental conditions. Here, we
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determined which pathways are hypoxia-regulated in breast cancer cells in vitro, what the
effect of TRIB3 knockdown is on this hypoxia-induced kinase profile, and whether these
phosphoproteins have a relation with prognosis in breast cancer patients.

Materials and methods
Breast cancer cell lines
Human breast cancer cells MDA-MB-231 (ER/PR /H ER 2neu) and MCF-7 (ERVPR+/HERneu‘)
(ATCC, LCC Promochem, London, UK) were cultured for a limited number of passages in
Standard culture medium (DMEM with 10% dialyzed FCS, 2 mM L-glutamine, 20 mM HEPES,
penicillin/streptomycin, and nonessential amino acids (all PAA Laboratories, Pasching,
Austria)) at 37 °C with 5% C 0 2, unless stated otherwise.
Treatment of cells
F o ri% 0 2 exposure cells were transferred to a hypoxic culture chamber (H35 hypoxystation,
Don W hitley Scientifïc Limited, West Yorkshire, UK). Knockdown of TRIB3 was performed
using siRNA transfection reagent SAINT-RED (Synvolux Therapeutics B.V., Groningen, the
Netherlands). siRNA’s MISSION® siRNA Universal Negative Control #1 (SIC001) and TRIB3
(SA SI_H soi_ooi975n) were acquired from Sigma-Aldrich (Sigma-Aldrich Chemie B.V.,
Zwijndrecht, the Netherlands).
Phosphokinase antibody array
The phosphokinase antibody array was performed using the Human phosphokinase array kit
(Proteome profiler, R&D Systems Inc., Minneapolis, USA) and the supplemented protocol.
In this assay, the capture antibodies are spotted in duplicate on nitrocellulose membranes,
which are incubated with the cellular extracts. After washing, the membranes are incubated
with a cocktail of biotinylated detection antibodies and streptavidin-HRP, subsequently
chemiluminescent detection reagents are applied to produce a signal. Capture antibodies
used on the membranes are directed against AKT (S473), AKT (T308), A M PKai (T174),
AM PKcu (T172), Chk-2 (T68), c-Jun (S63), CREB (S133), eNOS (S1177), ERK1/2 (T202/Y204, T185/
Y187), FAK (Y397), Fgr (Y412), Fyn (Y420), GSK-3a/p (S1/S9), Hek (Y411), HSP27 (S78/S82), JNK
pan (T183/Y185, T221/Y223), Lek (Y394), Lyn (Y397), MEK1/2 (S218/S222, S222/226), MSK1/2
(S376/S360), p27 (T157), P27 (T198), p 38 a(Ti8o/Yi8 2), P53 (S15), P 53 ( 5 4 6 ), P 53 (S392), P 70 S6
kinase (T229), p70 S6 Kinase (T389), p70 S6 kinase (T421/S424), Paxillin (Y118), PLCy-1 (Y783),
Pyk2 (Y402), RSK1/2 (S221), RSK1/2/3 (S380), Src (Y419), STAT1 (Y701), STAT2 (Y689), STAT3
(Y705), STAT4 (Y693), STATsa (Y699), STAT5a/b (Y699), STATsb (Y699), STAT6 (Y641), TOR
(S2448), Yes (Y426) and p-catenin.
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The integrated optical density of each spot was measured using Image J 14. The average
background signal from the negative Controls was subtracted from the average optical
densities for the two spots of each protein. Subsequently, these values were divided by the
average optical density of the positive Controls resulting in a value between o and 1 for each
protein.
Western blot analysis
Cells were harvested in RIPA buffer (PBS (Klinipath, Duiven, the Netherlands), MQ (Sterile
H20 , Versol®, Lyon, France), NP-40 (Sigma-Aldrich Chemie B.V.), Sodiumdesoxycholate
(VWR International B.V., Amsterdam, the Netherlands) and SDS) with phosphatase and
protease inhibitors (Roche, Indianapolis, USA). Samples were sonicated, centrifuged and
supernatant was stored at -80 °C. Protein quantifïcation was performed using a Pierce®
BCA Protein Assay Kit (Thermo Scientifïc, Etten-Leur, the Netherlands). Thirty microgram
of protein was fractionated on 4-20% Criterion XT Bis-Tris gels (Bio-Rad Laboratories B.V.,
Veenendaal, the Netherlands). After electrophoresis, samples were transferred to PVDF
membranes (Millipore Immobilon, Millipore B.V., Amsterdam, the Netherlands). Membranes
were blocked with 5% NFDM (Blotting Crade Blocker Non-Fat Dry Milk, Bio-Rad Laboratories
B.V.) and incubated with the appropriate antibodies (mouse anti-a-tubulin (Calbiochem,
Millipore B.V.), rabbit anti-phospho p44/p42 MAPK E R K 1-2 (Cell Signaling Technology, BIOKE,
Leiden, the Netherlands), rabbit anti-phospho AKT (ser 473, Cell Signaling Technology), goat
anti-phospho p70 S6 kinase (R&D Systems Inc.), rabbit anti-phospho STAT3 (Cell Signaling
Technology), rabbit anti-phospho eNOS (Cell Signaling Technology) and goat anti-AKTi
(Santa Cruz Biotechnology Inc., Heidelberg, Germany)). Proteins were detected using
chemiluminescent peroxidase substrate (Sigma-Aldrich Chemie B.V.) and visualized with
a ChemiDoc XRS + imaging system (Bio-Rad Laboratories B.V.). Images and protein band
intensities were acquired using Quantity One® 1-D Analysis Software (Bio-Rad Laboratories
B.V.). Signal intensities were quantified using gel analyze tools from Image J 14 and corrected
for a-tubulin intensities detected on the same blot.
Immunohistological analysis of breast cancer samples with an exogenous hypoxia marker
To obtain patiënt material containing the exogenous hypoxia marker pimonidazole, 38
patients with newly diagnosed breast cancer were enrolled in a tumor hypoxia study in
accordance with a research protocol approved by the Institutional Review Board at the
University of North Carolina Hospitals in the period 1997-1999. The patients signed informed
consent prior to their participation in the study. Prior to tumor biopsy, patients received an
intravenous infusion of pimonidazole hydrochloride (0.5 g/m2, Flypoxyprobe-1™, NPI Inc,
Belmont, USA) diluted in 100 ml NaCI 0.9% over 20 minutes. Between 16 to 24 hours later,
biopsies were obtained from primary tumors. After biopsy, fresh tumor samples were placed
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in cold 10% neutral buffered formalin, held at 4 °C for 12-24 hours, and processed into paraffin
blocks. Four pm thick sections were mounted on glass slides for immunohistochemical
staining. One slide per block was stained with hematoxylin and eosin for pathologie review
to confirm the presence of tumor. Three adjacent slides were stained for pAKT, pimonidazole
and TRIB3. Slides were incubated with primary antibodies rabbit anti-pAKT (S473) (Cell
Signaling Technology), rabbit anti-pimonidazole or chicken anti-TRIB3 13 and donkey antirabbit/chicken biotin labeled secondary antibodies were used (Jackson ImmunoResearch
Europe Ltd., Suffolk, UK). Followed by incubation with ABC reagent and visualization with
DAB reagent (Vector Laboratories Ltd., Peterborough, UK). Sections were counterstained
with Mayer’s hematoxylin solution. Negative control included substitution of the primary
antibody with primary antibody diluent (PAD, AbD serotec, Oxford, UK).
All microscopic images were acquired using IP-Lab for Macintosh software (Scanalytics Inc.,
Fairfax, USA) in combination with a monochrome CCD camera (Retiga SRV, 1392 x 1040
pixels) and a RGB filter (Slider Module; Qlmaging, Burnaby, Canada) attached to a motorized
microscope (Leica DM 6000, Wetzlar, Germany). For assessment of colocalisation of pAKT,
TRIB3 and pimonidazole, whole tumor sections were scanned with a iox objective at ioox
magnification '5. The individual colors (DAB (brown) and hematoxylin (blue) signals), were
extracted and unmixed from the bright fields images '6.
Tissue micro array of human breast cancer tissues
Breast cancer tissue sections were available from 95 patients in total who had undergone
resection of their primary tumor, as described before '3. Breast cancer patients were selected
from a cohort treated between January 1991 and December 1996, that did not undergo
systemic treatment, and had at least 5 years follow up or a recurrence before that. The
selection criteria resulted in a patiënt cohort with 25% estrogen receptor (ER) positive, 13%
progesterone receptor (PR) positive, 30% HER2-positive, and 44% triple negative patients.
As approved by the institutional review board and according to national law, coded tumor
tissues were used. This study was performed according to REMARK guidelines '7.
Hematoxylin and eosin (HE) stained 4 pm sections of formalin-fixed paraffin-embedded
tum or sections were used to identify tum or areas by an experienced pathologist. The tumor
areas were outlined on the glass slides and used to select the appropriate area in the tissue
blocks to punch out tissue (2 mm 0) for the tissue microarrays (TMA) using a Tissue-Tek Quick
Ray puncher(Sakura Finetek Europe B.V., Leiden, the Netherlands).
Four pm thick sections of the TMA were incubated with chicken anti-TRIB313 and donkey antichicken biotin labeled secondary antibody (Jackson ImmunoResearch Europe Ltd.) followed
by incubation with ABC reagent and visualization with DAB reagent (Vector Laboratories Ltd.)
or rabbit anti-pAKT (Ser 473) (Cell Signaling Technology) and PowerVision (ImmunoLogic,
Duiven, the Netherlands) and visualized with PowerVision DAB (3,3’-diaminobenzide)
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(ImmunoLogic). Sections were counterstained with M ayer’s hematoxylin solution. Negative
control included substitution of the primary antibody with PAD (AbD serotec).
Scoring was performed blinded to clinical patiënt data. For TRIB3 scoring was done
as described previously ’3. The pAKT staining was scored both for nuclear staining and
cytoplasmic staining, and was either considered to be negative or positive.
Statistical analyses
Statistical analyses were carried out using SPSS 16.0.5 software (SPSS Benelux B.V.,
Corinchem, the Netherlands). Normality of distribution of variables was tested using
Kolmogorov-Smirnov testing. Non-parametric correlations were assessed using Spearman
Rank correlation testing. A X2 test was performed to test differences in distribution of pAKT
negative and positive patients among groups with the clinical parameters age (below vs
above 50), menopausal status, nodal category, tumor type, tum or size, histological grade,
estrogen receptor expression, progesterone receptor expression, HER2 expression, surgery,
radiotherapy and adjuvant systemic therapy. Disease free survival (DFS) time (defïned as the
time from surgery until diagnosis of recurrent or metastatic disease) was used as followup endpoint. Survival curves were generated using the method of Kaplan and Meier. Cases
with more than 60 months of follow up were censored at 60 months because of rapidly
declining number of patients thereafter. Equality of survival distribution was tested using
Cox regression univariate and multivariable survival analyses. Two-sided P-values below .05
were considered to be statistically significant.

Results
Hypoxia-induced phosphokinase profile in breast cancer cells
Using the phosphokinase antibody array, we tested the expression levels of 45 phosphorylated
kinases in two breast cancer cell lines either exposed to normoxia or hypoxia for 6 hours
(Table 1). We observed that in MDA-MB-231 cells AKT (S473), eNOS (S1177), Fyn (Y420), JNK
pan (T183/Y185, T221/Y223), Lck(Y394), p38ct(Ti8o/Yi82), p70 S6 kinase (T389), STAT3 (Y705),
STAT5b (Y699) and STAT6 (Y641) were upregulated more than 1.5 fold in hypoxic conditions.
CREB (S133) and ERK1/2 (T202/Y204, T185/Y187) were downregulated more than 2 fold (0.5
induction or lower) in this cell-line. In the MCF-7 cells, only eNOS was upregulated more than
1.5 fold whereas AKT (S473), ERK1/2 (T202/Y204, T185/Y187), Fgr (Y412), Lek (Y394), p27 (T157),
P 53 (S392), p70 S6 kinase (T389 and T229), and STAT3 (Y705) were downregulated more than
2 fold.
The role of TRIB3 in these hypoxia induced changes in kinase expression was determined
by siRNA mediated knockdown of TRIB3 in normoxic and hypoxic incubated MDA-MB-231
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and MCF7 breast cancer cells, TRIB3 knockdown attenuated the hypoxia response of ERK1/2
in both cell-lines. In MDA-MB-231 cells the hypoxia effect on eNOS and Lek phosphorylation
was the opposite for the TRIB3 knockdown cells compared to the control cells. For Chk-2
(T68), Hek (Y411) and p27 (T198) there was a significant effect of TRIB3 knockdown on their
response to hypoxia. However, these proteins were not afFected by hypoxia in the control
cells. A similar observation was made in the MCF-7 cells for STATsb (Y699).
W estern blot reveals pAKT as hypoxia regulated and TRIB3 sensitive
Thus, although sometimes contradictory, the phosphorylated forms of AKT, ERK1/2, Lek,
P70 S6 kinase and STAT3 were afFected by hypoxia in both cell lines. Due to the effect of
TRIB3 knockdown on its hypoxia response, eNOS was also considered of interest. Next,
the effect of hypoxia and/or TRIB3 knockdown on the expression of these phosphorylated
proteins was determined by Western blot analysis (Figure 1). Unfortunately, no antibody for
Western blot analysis was available for Lek (Y394) and therefore validation of the results for
this protein could not be performed. Further, p70 S6 kinase (T389 and T229) was below the
detection limit in the MDA-MB-231 cells. In MCF-7 cells, we observed no efFect of hypoxia on
the expression of p70 S6 kinase (T389 and T229) by Western blotting. In both MDA-MB-231
and MCF-7 cells, we could not observe an increase of p-eNOS during hypoxia, neither were
differences in expression levels detectable after TRIB3 knockdown. Although ERK1/2 (T202/
Y204, T185/Y187) was clearly downregulated on the phosphokinase array, we were not able
to validate this result using W estern blot analysis.
For STAT3 phosphorylation in MDA-MB-231 cells we observed a decrease in expression during
hypoxia that was most pronounced at 1-6 hours of hypoxia (0.5-0.8 fold reduction). TRIB3
knockdown had no effect on P-STAT3 in MDA-MB-231 cells. In contrast, in MCF-7 cells a small
increase in expression of P-STAT3 was found in time after hypoxia (up to 1.7 fold induction at
24 hours). Furthermore, TRIB3 knockdown slightly increased the expression of P-STAT3, most
pronounced during normoxia with a fold induction of 1.8 compared to control cells.
Hypoxia induced an increase in AKT (S473) levels in both cell lines that was maximal at 2
hours incubation; MDA-MB-231 cells showed a 5.4 fold induction and MCF-7 cells a 4.2 fold
induction. TRIB3 knockdown attenuated this response, as both cell-lines exhibited a lower
induction of the AKT (S473) levels after knockdown after 2 hours of hypoxia exposure (2.5
and 2.8 fold). At later time-points the TRIB3 knockdown effect was less pronounced o rfo r the
MDA-MB-231 cells even slightly contradictory.
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Table 1. Fold induction of protein spots intensities on phosphokinase antibody array
MCF-7

MDA-MB-231
gene

phospho site

AKT
AKT
AMPK1
AMPK2
Chk-2
c-Jun
CREB
eNOS
ERK1/2
FAK

S473
T308

Fgr
Fyn
GSK-3
Hek
HSP27
JNK pan
Lek
Lyn
MEK1/2
MSK1/2
P 27
P 27
P38
P 53
P 53
P 53
P 7 0 S6 Kinase
P70 S6
P 7 0 S6 kinase
Paxillin
PLC-1
Pyk2
RSK1/2
RSK1/2/3
Src
STATl
STAT2
STAT3
STAT4
STATsa
STATsa/b
STAT3b
STAT6
TOR
Yes

T 174
T172
T68
S63
S133
S1177
T202/Y204
V 397
Y412
Y420
S21/S9
Y411
S78/S82
T183/Y185
Y394
Y 397
S218/S222, S222/S226
S376/S360
T 15
T198
T180/Y182
S15
S46
S392
T229
T389
T421/S424
Y118
Y783
Y402
S221
S380
Y419
Y701
Y689
Y705
Y693
Y699
Y699
Y699
Y61
S2448
Y426

hypoxia/
normoxia

hypoxia/
normoxia
TRIB3 KD

hypoxia/
normoxia

hypoxia/
normoxia
TRIB3 KD

3.123*
1.176
1.074

2.035
1.057
1.122
1.237
i . i 59 f
1.016

0.265*
0.798
0.684
0.813
0.603
1.323

0.206
a
0.708
0.862

0-393

1-399

0.833

0.590!
o.288f
1.033
0.861
1.232
1.080
1.663f
1.123
1.327
o.825f

1.529*

a

0 .44 5 *

0.814!

1-345

0.704
1.044
0.401*
2.140*
0.188*
1.299

1.193
1.189
0.929

0.688
0.460*
1.105
0.801
0.752
1.003
0.721
0.286*
0.919
0.976
0.993
0.462*

1.275
1.677
0.966
0.985
0.981
1.462
6.885*

0 -542 t

1.0 17

0.851
1.024
1.071
1.066
0.865

1-374

0.879
0.613
0.614
0.850
0.740
0.824
0.988
0.739

0.673
0.373*
0.765
0.835
0.134
0.360*
0.713
0.749
0.726

1-379

2.417*
1.199
1.003
0.911
1.736*
1- 951 *
1.330
1.376
0.989
1-344

1.135
0.938
1 .1 1 0

1.092
1.196
1.120
1.016
1.476
2.176*
1.296
1.254
1.192
1.863*
2.793*
1-395
1 .1 4 5

0-933

3

1-345

1.217
0.730
0-977

1.078
1.068
1.912
1.057
1.255

* fold induction above 1.5 or below 0.5
f fold induction of TRIB3 knockdown versus control cells above 1.5 or below 0.5
a Values are m issing due to undetectable spots on the array
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0.644
0.661
1.118
0.622
0.897
0.487*
0.571
0.826
1.098
0.758
0.908
1.396
0.908

0.747
a

0-577

0.564
0-555
0-549
0-534

1.067
0.601
0.370
0.741
1.057
1.007

a

a

0.813
a
0.740
0 .7 4 8

a

a
a
a
a
a

a
a

O.966

a

0.877
0.285
a
0.789
1.502
o.324f
0.715
1.499
1.140
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Effect of hypoxia and TRIB3 knockdown on pAKT is not due to alterations of total AKT
expression
Based on the results of the validation of the phosphokinase antibody array on Western blot,
we further investigated pAKT. It is upregulated in both cell-lines during hypoxia and this
upregulation is attenuated by TRIB3 knockdown (Figure 1). To establish whether hypoxia
induces the activation of AKT, or the expression of total AKT, we determined total AKT
expression after normoxia or hypoxia using Western blots. In both cell lines there was no
increase in AKT expression during hypoxia (Figure 2). Furthermore, there was no effect of
TRIB3 knockdown on total AKT levels. Thus, the effect of hypoxia and TRIB3 knockdown are
specific for the phosphorylation of AKT.
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Figure 1. Western blot analysis of selected phosphokinases
Western blots of breast cancer cells treated with control siRNA or TR/B3 siRNA (TRIB3 KD) exposed to 1% 0 2
for 1, 2, 6, and 24 hours. a: MDA-MB-231 cells, b: M CF-7 cells.
Protein band intensities were quantified and normaiized for a-tubulin expression on the same blot.
Expression levels of all proteins in the control cells without hypoxic incubation was set to 1. c: MDA-MB-231
cells, d: MCF-7 cells. Striped bars: TRIB3 KD.
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pAKT and TRIB3 localization in hypoxic areas of human breast tumor tissue
To determine whether pAKT and TRIB3 are localized in hypoxic tum or areas, we used tumor
tissue from 38 breast cancer patients that were injected with the exogenous hypoxia marker
pimonidazole prior to surgery. In these specimens we observed abundant pAKT staining,
located in the hypoxic tum or areas as was indicated by pimonidazole positivity (Figure 3).
This colocalisation was not limited to tumors with large hypoxic areas but was also observed
in tumors that had only small hypoxic areas. Furthermore, TRIB3 staining was also observed
in those areas positive for pAKT and pimonidazole (Figure 3b). Thus, in human breast cancer
tissues hypoxic regions are present that express pAKT and TRI B3.

a.
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CQ CQ CQ CQ DQ CQ

M CF -7

Figure 2. Quantification of W estern blot protein band for pAKT en AKT.
Protein band intensities of total AKT and pAKT were quantified and norm alized for a-tubulin expression on
the sam e b lo t Expression levels of both proteins in the control cells without hypoxic incubation was set to
1. a: MDA-MB-231 cells, b: M CF-7 cells. Striped bars: TRIB3 KD.
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pAKT is prognostic in breast cancer patients
To determine the prognostic value of pAKT expression, we stained a tumor micro array with
tissue from breast tumors of 95 patients for pAKT, and correlated these results with previously
established TRIB3 scoring '3 and outcome. The pAKT staining was scored both for nuclear
staining and cytoplasmic staining, and was either considered to be negative or positive.
Nuclear staining was scored positive in 7 out of these 95 patients. Cytoplasmic staining was
positive for 51 patients. For further analysis we only used the cytoplasmic staining scoring
because of the low number of positive scoring for the nuclear staining. A weak but significant
positive correlation between TRIB3 expression and pAKT expression was observed (rs = .243,
P = .018). pAKT expression showed no difFerence between groups with the clinical parameters
tested besides a significant difference of pAKT expression between HER2 negative versus
positive patients (P = .04 ) and patients that received a mastectomy compared to patients
that received a lumpectomy (P = .04 ) (Table 2). A correlation of pAKT with HER2 status was
observed (r = .209, P = 0.04). Furthermore, a significant higher 5-year disease free survival
(DFS) was observed for the pAKT negative group relative to the positive group (86.1 (80.891.4)% vs 64.6 (57.9-71.3)% (Figure 5). Cox regression analysis revealed a hazard ratio (HR)
of 2.869 ( 9 5 ^ Cl = 1.138-7.232, P = .03) for DFS for patients with pAKT expressing tumors
compared to patients with pAKT negative tumors. This remained significant (P = .007,
HR = 3.769 (95% Cl = 1.429-9.943) after correction for ER, PR and HER2 status, histological
grade, tum or type, tum or size and type of treatment (surgery and/or radiotherapy).
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a.
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pAKT/pimonidazole/nuclei

Patiënt 1

Patiënt 2
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TRIB 3
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Figure 3. pAKT, pim onidazole and TRIB3 staining in human breast cancer tissues.

Immunohistochemical staining on human breast tumortissues. a: Staining pattern ofpAKT and pimonidazole
and the combination after linear unmixing and pseudo coloring of pAKT (red), pimonidazole (green) and
nuclei (blue), scale bars represent 400 pm. b. Magnification from figure 3a for pAKT, pimonidazole and
TRIB3, scale bars represent 25 pm.
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Table 2. Patiënt characteristics among pAKT expression groups.
pAKT expression

Variable

X2

negative (n=44)

positive (n=5l)

P

12

.301

Age (years)
<50
>50

32

19
32

Menopausal status
Premenopausal
Postmenopausal

13
31

35

.847

Nodal category
Negative
Positive (<3 nodes)

42
2

47
4

.510

36

44
2

Tum or type
Ductal
Lobular
Other (mixed/unknown)

3
5

Tum or size
pTo
pTi
pT2

1
18
21

PT3/4

4

16

5

.784

1
28
22
0

.126

Histological g ra d e (a)
l/ll
III

6

11

27

30

•379

Estrogen Receptor
negative
positive

36
8

34
17

.094

Progestrone Receptor
negative
positive

41
3

43
8

.178

HER2
negative
positive

33
11

28
23

.042

surgery
mastectomy
lumpectomy

24
20

17
34

.037

radiotherapy
yes
no

24
20

36
15

.106

adjuvant system ic therapy
none
endocrine
chem o+endocrine

42
1
1

47
2
2

.805

(a) due to missing values, totals do not always add up
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Figure 4. Disease free survival in patients stratified based on pAKT expression.
Kaplan M eier curve of disease free survival for patients without pAKT expression (dotted line) and with
pAKT expression (continuous line).

Discussion
In this study, we profiled the phosphokinase signaling pathways regulated by hypoxia in
two different breast cancer cell lines. The phosphorylated, activated, forms of ERK1/2, AKT,
p70 S6 kinase, Lek, STAT3, eNOS and STAT5b were found to be altered by hypoxia. Further
validation using Western blot revealed that AKT activation by phosphorylation at serine 473
was clearly induced during hypoxia, but that total AKT levels remained constant. Knockdown
of the scaffold protein TRIB3 attenuated the early hypoxia-induced upregulation of pAKT.
Furthermore, pAKT was predominantly localized in hypoxic areas of human breast cancer
samples, and in a separate cohort of breast cancer patients pAKT expression was associated
with a poor prognosis.
This is the first study to profïle the phosphoprotein response to hypoxia in breast cancer cells.
We found six phosphorylated proteins that were altered during hypoxia in both breast cancer
cell lines tested. Several of these proteins have been suggested to have a relationship with
hypoxia ’8‘23. However, their direct regulation by oxygen depletion was not specifically studied
before. For pAKT and pERKi/2 the upregulation by hypoxia has been described in multiple
cell lines including the breast cancer cell line MCF-7 ’9'22- We could not confirm this result for
pERKi/2, but observed similar results for pAKT. In addition, using Western blot analysis we
observed that TRI B3 knockdown attenuated the early hypoxia induced upregulation of pAKT.
This effect was most pronounced at the earlier time point (2 hours). As the phosphokinase
array was performed after a 6 hour hypoxic incubation period this effect was smaller and

115

Chapter 6

therefore just outside the limits set for further validation. The result that TRIB3 knockdown
attenuates the activation of AKT is in conflict with earlier results describingthat TRIB3 blocks
the phosphorylation of A K T 5-24. However, some of these results are under debate25. The here
described effect of TRIB3 knockdown on pAKT levels was only observed at 1 and 2 hours of
hypoxia exposure and not during normoxia or longer hypoxia exposure. This indicates that
the putative regulatory effect of TRIB3 on AKT activation specifically holds true in the early
activation of AKT during hypoxia.
In addition to the increased activation during hypoxia, the observation that pAKT is located in
hypoxic areas of breast cancer tumor tissues suggests a role for pAKT in hypoxic cell survival
in breast cancer. Hypoxic cells are resistant to a variety of treatment regimens and, in fact, in
vitro studies also show increased pAKT expression to be associated with treatment resistance
26’27. Thus, targeting pAKT could provide a new method to overcome treatment resistance and
improve patiënt outcome. In vitro, promising results have been shown in reducing resistance
in chemo- or radiotherapy and tamoxifen treatm ent28'29. Multiple specific AKT inhibitors have
already been tested in phase l/ll clinical trials and they are generally well tolerated 3°.
It should be noted that hypoxic cells are not only associated with treatment resistance but
also with an increase in genomic instability and metastatic propensity. This fits well with our
observation that tumor pAKT expression denotedapoorer prognosis in breast cancer patients,
irrespective of adjuvant systemic treatment. This result is in line with earlier results that pAKT
is related to a higher risk of relapse (reviewed in 3'). In earlier studies, the effect of pAKT
expression on tum or progression was mainly found in a subset of the breast cancer patients,
namely in patients treated with endocrine- or radiotherapy, or patients overexpressing ErbB2 32'34. In our cohort the effect of pAKT expression on prognosis is seen in patients that did not
receive adjuvant systemic treatment. Thus, pAKT has specific prognostic value irrespective of
treatment, and is not only indicative of sensitivity to systemic therapy. Therefore, inhibiting
AKT activation might lead to less hypoxic tumors, an increase in the response to treatment,
as well as less aggressive tum or growth. In conclusion, our findings that AKT is activated in
hypoxic conditions could provide additional targets for cancer treatment, which can be used
to specifically target hypoxic tumor cells and improve patiënt outcome.
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Summary
The tumor microenvironment is an important factor that is involved in tumor progression and
treatment response, and therefore determines the prognosis of solid tumors including breast
cancer. Tumors that consist of larger hypoxic fractions are more aggressive, have a greater
metastatic potential and are often more resistant to treatment. One factor that is regulated
via hypoxia is TRIB3. This protein affects multiple cell survival pathways, and seems to play a
regulatory role in cell survival during stress.
In chapter 2, we showed that in breast cancer cells the upregulation of TRIB3 mRNA is
dependent upon the unfolded protein response (UPR) and more specifically regulated via
PERK, ATF4 and CHOP. Not only hypoxia but also other kinds of cell stresses,likeendoplasm atic
reticulum stress and nutriënt deprivation, are capable of inducing TRIB3. Indeed, we found
that TRIB3 was expressed in hypoxic areas of human breast cancer tissue. In addition, high
TRIB3 mRNA expression denoted a poor prognosis in breast cancer patients. In chapter 3,
the DNA-repair BRCA1 complex member Brain and Reproductive organ-Expressed (BRE)
mRNA expression is correlated with a good prognosis in breast cancer patients treated with
radiotherapy. In patients that are not treated with radiotherapy high BRE mRNA expression
denotes a poor prognosis. If high expression of BRE mRNA correlates with an improved DNArepair this would result in lower amounts of gene mutations and more benign behavior of
the tumors cells. However, treatment with radiotherapy or DNA damaging drugs would be
less effective. This does not correspond to what we have found in breast cancer patients.
Although, the involvement of BRE in DNA repairm akes the difference between patients with
and without radiotherapy rational, the reverse would be expected. One explanation for this
could be that the mRNA expression reflects a phenotype rather than that it is a functional
marker for the protein and thereby the DNA-repair capacity of the tumor cells. The expression
and localization of BRE protein might give more information about the functionality of the
DNA-repair. However, a good antibody for BRE to perform protein determination is missing.
In chapter 4, we determined TRIB3 protein expression in human breast cancer samples. TRIB3
protein levels did not correlate with mRNA expression and the prognostic value of TRIB3
protein expression was opposite to that of mRNA expression; high TRIB3 protein expression
denoted a good prognosis in breast cancer patients. We subsequently investigated the
function of TRIB3 in hypoxic cells and found that knockdown of TRIB3 led to an increased
survival during hypoxia. This indicates that TRIB3 is involved in hypoxia induced cell death.
High TRIB3 expression in a tumor would result in more cell death due to hypoxia. This is in
line with the good prognosis found in patients with high TRIB3 protein expression. In chapter
5, we explored the possible mechanisms behind the discrepancies between TRIB3 mRNA
and protein expression. TRIB3 was shown to be a very stabile protein with no detectable
degradation within 48 hours both during normoxia and hypoxia. Although mRNA levels
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increase during hypoxia this does not result in increased protein levels. Indeed, TRIB3 mRNA
translation was diminished in these cells. miRNA 24 is upregulated during hypoxia and targets
TR1B3 mRNA. However, we found no evidence or indication that miRNA 24 is responsible
for the reduced translation of TRIB3 mRNA during hypoxia. In chapter 6 several kinases
were identified of which the phospho-protein levels were altered by hypoxia. The kinase
with the most pronounced hypoxia response is AKT. TRIB3 is shown to alter this hypoxia
response of pAKT. In addition, pAKT was found to be expressed in the hypoxic areas and to
co-localized with TRIB3 in human breast tum or tissue samples. Furthermore, high expression
levels of pAKT were correlated with a poor prognosis and had a weak but significant positive
correlation with TRIB3 protein expression in breast cancer tumors.
In conclusion, TRIB3 is a stabile protein that is subjected to tight control mechanisms,
including translational repression during hypoxia. Knockdown of TRIB3 provides cells with a
greater ability to survive and alters pAKT expression during hypoxia. These results indicate
that TRIB3 is an important factor in determining cell survival during hypoxic conditions and
that it exerts its effects through multiple signaling routes. In addition, both TRIB3 and BRE
show that prognostic value can vary between gene products (mRNA vs. protein) and can be
opposing to predictions based on protein function.

123

Chapter 7

Samenvatting
In solide tumoren, zoals borstkanker, heeft het tumor micromilieu een belangrijke effect
op de agressiviteit en therapie response. Een belangrijk onderdeel van het micromilieu
is de hoeveelheid zuurstof in een tumor. Tumoren die veel hypoxische (zuurstof arme)
cellen bevatten zijn over het algemeen agressiever, met meer kans op uitzaaiingen en ze
vertonen een slechtere response op de behandeling dan tumoren die weinig hypoxische
cellen bevatten. Er zijn veel cellulaire signaleringsroutes die ervoor zorgen dat cellen kunnen
overleven tijdens hypoxie. Eén van die routes leidt tot verhoogde transcriptie van Tribbles-3
(TRIB3). TRIB3 heeft vervolgens invloed op verschillende andere signaleringsroutes en lijkt
hierdoor een regulerende functie te hebben in de overleving van cellen tijdens hypoxie.
In hoofdstuk 2 wordt er gezien dat de transcriptie van TRIB3 in borsttumorcellen in vitro
verhoogd wordt door hypoxie, maar ook door verschillende andere vormen van cel stress
zoals depletie van nutriënten en endoplasmatisch reticulum stress. Tijdens hypoxie blijkt deze
verhoging van de TRIB3 transcriptie afhankelijk van de “unfolded protein response” (UPR).
De PERK arm van de UPR lijkt hier met name verantwoordelijk voor aangezien remming van
PERK of zijn downstream transcriptie factoren ATF4 en CHOP deze verhoging verhinderd.
Vervolgens hebben we gevonden dat het TRIB3 eiwit gelokaliseerd is in de hypoxische
gebieden van borsttumoren. Daarnaast vonden we dat borstkankerpatiënten met een
hogere mRNA expressie van TRIB3 in hun tumorweefsel een slechtere prognose hebben dan
patiënten met een lagere mRNA expressie.
In hoofdstuk 3 wordt het effect van Brain and Reproductive organ-Expressed (BRE) mRNA
expressie op de prognose van borstkankerpatiënten onderzocht. BRE is een eiwit dat
betrokken is bij het herstel van DNA schade. Onze hypothese was dat een verhoogde BRE
expressie met therapie resistentie en daarmee met slechtere overleving geassocieerd
zou zijn, met name in de met radiotherapie behandelde patiënten. We vonden echter dat
verhoogde BRE expressie in tumorweefsel een betere prognose geeft ten opzichte van de
patiënten met lagere BRE expressie, juist in patiënten die behandeld zijn met radiotherapie.
Het is zelfs zo dat patiënten met verhoogde BRE expressie in tumorweefsel die niet met
radiotherapie behandeld zijn een slechtere prognose hebben dan de patiënten met lagere
BRE expressie in hun tumorweefsel. De prognostische waarde van de mRNA expressie van
BRE in borsttumorweefsel komt dus niet overeen met onze hypothese die gebaseerd was op
de functie van BRE eiwit in het DNA-herstel.
In hoofdstuk 4 wordt beschreven dat zowel in humane borstkankercellijnen als in tum or
materiaal van borstkankerpatiënten er geen correlatie bestaat tussen de expressie van TRI B3
mRNA en TRIB3 eiwit. Daarnaast heeft de expressie van TRIB3 eiwit een tegenovergestelde
associatie met de prognose van patiënten dan de TRIB3 mRNA expressie, namelijk een
hoge expressie komt overeen met een goede prognose. Deze laatste resultaten zijn in
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overeenstemming met de vinding beschreven in dit zelfde hoofdstuk dat TRIB3 knockdown
onder hypoxische omstandigheden tot een beter overleving van borstkankercellijnen
leidt. Blijkbaar is TRIB3 eiwit nodig voor tumorcellen om dood te gaan onder hypoxische
omstandigheden.
Waarom TRIB3 mRNA expressie geen of zelfs een tegenovergestelde relatie heeft met de
eiwit expressie wordt verder onderzocht in hoofdstuk 5. Hier wordt aangetoond dat TRIB3
een eiwit is dat zelfs na 48 uur remmen van de cellulaire eiwitaanmaak geen zichtbare afbraak
vertoont onder zowel normoxische als hypoxische omstandigheden. Wel wordt de translatie
van TRIB3 mRNA onder hypoxische condities geremd. Onder hypoxische omstandigheden
neemt de hoeveelheid TRIB3 mRNA namelijk sterk toe, terwijl er geen toename in de
hoeveelheid eiwit te zien is. Expressie van miRNA 24, de meest voor de hand liggende miRNA
die deze translationele inhibitie zou kunnen veroorzaken, kan de remming van de translatie
van het mRNA naar eiwit in het geteste patiënten cohort echter niet verklaren.
In hoofdstuk 6 wordt tenslotte het effect van hypoxie en TRIB3 knockdown onderzocht op
de expressie van een panel van gefosforyleerde, en dus geactiveerde kinases. Er is gekozen
voor gefosforyleerde kinases omdat deze veelal betrokken zijn bij signaleringsroutes waarop
TRIB3 een effect zou hebben. De kinase die het sterkste effect laat zien is gefosforyleerd
AKT (pAKT). De expressie van pAKT neemt toe onder hypoxische condities. In cellen waar
de expressie van TRIB3 geremd is met siRNAs neemt pAKT echter minder, of in elk geval
pas na langere blootstelling aan hypoxie, toe. Tevens laten we zien dat pAKT aanwezig is
in de hypoxische gebieden van borsttumoren waar ook TRIB3 tot expressie komt. Verder
heeft verhoogde expressie van pAKT een negatieve voorspellende waarde in de prognose
van borstkankerpatiënten.
In dit proefschrift wordt aangetoond dat de prognostische waarde van twee verschillende
gentranscripten (mRNA expressie van TRIB3 en BRE) tegenovergesteld is aan de (verwachte)
prognostische waarde van het bijhorende eiwit. Helaas zijn er voor BRE geen antilichamen
beschikbaar om deze observatie verder te onderzoeken. In het geval van TRIB3 lijkt
translationele inhibitie één van de oorzaken te zijn voor de discrepantie tussen mRNA en eiwit
expressie. Verder wijzen alle beschreven resultaten op een belangrijke regulerende functie
van TRIB3 op signaleringsroutes die bepalen of een cel onder stressvolle condities zoals
hypoxie kan overleven. Verder onderzoek is nodig zodat de kennis rondom deze regulatie
kan worden gebruikt om de progressie van borstkanker tegen te gaan.
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Discussion
In this thesis the prognostic value of two gene transcripts, i.e. TRI B3 and BRE, was determined
for tum or tissue from breast cancer patients (chapter 2, 3). It was determined that mRNA
expression does not necessarily reflect protein expression. in subsequent chapters, the
regulation and possible functional relevance of TRIB3 were elucidated (chapter 4, 5, 6).
TRIB3 exhibits interactions and feedback loops with multiple cell signaling pathways, like
the unfolded protein response (UPR), PI3K/AKT, NF k B and MAPK pathways (chapter 1). For
example, two signaling routes that are capable of inducing TRIB3, the UPR and the PI3K/
AKT pathway, are negatively regulated by TRIB3 through breakdown and/or inactivation of
ATF4, CHOP and AKT [1-6]. Many of the pathways in which TRIB3 is involved regulate cell
survival during cell stress. As such, TRIB3 seems to be a central player in determining the
balance between cell survival and cell death in energy and/or nutriënt deprived cells. Indeed,
TRIB3 has been described to function in both pro- as well as anti-apoptotic pathways. For
example, TRIB3 sensitizes cells to TNF- and TRAIL-induced apoptosis [7] and is necessary
for CHOP-induced cell death [2], whereas it also protects cells against the growth inhibitory
and cytotoxic effects of ATF4 [6]. In human breast tum or tissue, TRIB3 mRNA levels were
correlated with poor prognosis suggesting an anti-apoptotic role (chapter 2). However, the
finding that knockdown of TRIB3 leads to an increased survival of breast cancer cells after
exposure to hypoxia (chapter 4) supports a pro-apoptotic function of TRIB3 under these
circumstances. This is also consistent with the good prognosis of breast cancer patients with
high levels of TRIB3 protein in their tumors (chapter 4). In cells where the UPR is activated
in order to survive during micro-environmental stress conditions, TRIB3 might function as a
regulator of cell death if the environmental stress proceeds for longer time periods.
One of the goals of this thesis was to assess the prognostic and/or predictive value of ER-stress/
hypoxia-induced TRI B3 in breast cancer. As during the primary treatment of breast cancer, all
tum or cells including hypoxic cells are removed, one could argue that the predictive value
of hypoxia and/or TRIB3 in breast cancer is irrelevant and therapies targeting TRIB3 would
be of no benefit. However, many of the prognostic factors found in breast cancer are clearly
hypoxia related. The hypoxia activated HIF-1 and several of its transcriptional targets, like
vascular endothelial growth factor (VEGF), plasminogen activator inhibitor (PAI), carbonic
anhydrase (CA) IX and glucose transporter (GLUT) are shown to be related to a poor breast
cancer prognosis [8-14]. Also several hypoxia gene signatures have been shown to have
prognostic power in breast cancer patients [15, 16]. Recently, also a microRNA associated
with hypoxia, mir 210, was found to correlate with breast cancer invasiveness and prognosis
[17]. These data indicate that hypoxia markers can be used to identify breast cancer patients
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with a poor prognosis, strongly suggesting that hypoxia is indeed a relevant phenomenon in
breast cancer disease progression.
Moreover, it is becoming evident that hypoxia can have long lasting effects. Hypoxic tumors
in general have a greater metastatic potential due to expression of metastasis-related genes,
increased genetic instability and selection of more aggressive cellular variants [18]. The
metastasized and circulating tumor cells that remain after excision of the primary tumor are
believed to conserve this more aggressive hypoxia induced phenotype [19, 20]. The UPR is
one of the pathways involved in these processes [20, 21]. These data indicate that the UPR
could be a valuable target in breast cancer treatment.
Furthermore, TRIB3 is also involved in the hypoxic response of pAKT. Under Standard
conditions TRIB3 was shown to block the phosphorylation of AKT [5]. In breast cancer
patients a poorer prognosis was observed in those patients whose tumors had a higher pAKT
expression. This is in line with the notion that high pAKT expression reflects a higher activation
of cell survival pathways. Inhibiting AKT by TRIB3 in normoxic tum or cells could therefore be
a mechanism involved in the better prognosis seen for patients with high TRIB3 protein levels
in their tumors. The results presented here using breast cancer cells, however, indicated
that during hypoxia the effect of TRIB3 on AKT is different than during normoxia. Where
an increase or at least no difference in pAKT levels was expected after TRIB3 knockdown,
we observed a reduction in the hypoxia-induced activation of AKT. This reduction in AKT
activation during hypoxia after TRIB3 knockdown would indicate that the function of AKT
in cell survival during hypoxia is opposite that of its function during normoxia. However, in
head and neck tum or cells it has been shown that the pAKT inhibitor MK2206 was even more
effective in reducing cell survival during hypoxia than during normoxia [22]. Conversely, the
reduced activation of AKT in TRIB3 knockdown cells could also be an indirect effect due to
the extensive feedback mechanisms in which TRIB3 participates. This would be in line with
the observation that TRIB3 is a key regulator in keeping the balance between different cell
survival and cell death pathways.
In 2007, TRIB3 mRNA was shown to be increased in multiple tum or tissues [23, 24]. The
prognostic effect of TRIB3 was described in 2010 by Miyoshi et al., where a poor prognosis in
colorectal cancer patients with higherTRIB3 mRNA expression in theirtum or was shown [25].
At the same time, our group had obtained similar results in breast cancer patients (chapter
2). In addition, this result was validated in an independent cohort and two online gene
expression datasets of breast cancer patients (chapter 4). For TRI B3 protein the prognostic
value is opposite to that of mRNA, with high protein expression denoting a good prognosis in
breast (chapter 4) and head and neck cancer patients [26]. TRIB3 mRNA is upregulated via the
UPR and high TRIB3 mRNA expression could be a reflection of tum or cells that encountered
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hypoxia and/or ER stress. Thus, the prognostic value of TRIB3 mRNA is most likely related to
the extent of ER stress the tum or cells experience. ER stress is known to induce treatment
insensitivity and increased propensity for metastasis, and is as such related to poor prognosis
in different tumor types including breast cancer [27]. On the other hand, TRIB3 protein
expression is a consequence of temporal and spatial changes in ER stress and the different
feedback pathways involved in the tum or cells’ response to microenvironmental stress. We
found that TRIB3 mRNA translation is repressed during hypoxia (chapter 5) and that TRIB3
is a particularly stable protein (chapter 5), despite others describing TRIB3 protein as quickly
degraded [28]. Apparently, the amount of TRIB3 protein that is eventually expressed by
the tumor is related to its pro-apoptotic role in hypoxia, and as such correlated with a good
prognosis in breast cancer patients.
The BRE (Brain and Reproductive organ-Expressed) protein is a member of the BRCA1
complex involved in the repair of DNA double strand breaks [29-32]. Many members of this
complex are often mutated in breast cancer patients leading to genomic instability. Genomic
instability induces tumors that are more aggressive and difRcult to treat, explaining the poor
prognosis found in BRCA1 mutated sporadic breast cancer patients [33-36]. However, when
treated with radiotherapy or DNA damaging drugs (such as platinum-based chemotherapy),
tumors with a BRCA1 mutation are less capable in restoring DNA breaks, ultimately leading to
a better treatment response [37, 38].
For BRE mRNA expression we found a correlation with breast cancer prognosis opposite of
what could be expected based on its role in the BRCA complex (chapter 3); high BRE mRNA
expression denoted a good prognosis but only for patients treated with post-operative
radiotherapy. Patients with high BRE expression who were not treated with radiotherapy
had a poorer prognosis. One explanation for this could be that the mRNA expression reflects
a phenotype rather than that it is a functional marker for the protein, reminiscent for what
we found forTR IB 3. High mRNA levels could reflect a phenotype in which there is a greater
need for DNA-repair due to insufficiënt DNA-repair. The expression and localization of protein
might give more information about the functionality of the DNA-repair. Unfortunately, a
suitable antibody against BRE to perform protein expression quantification is lacking.
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A.

mRNA expression

P ro te in expression

Figure 1. Protein life cyc/e from gene transcription to mature, activated protein. The extent at which a gene
is transcribed into mRNA is dependent on the balance between transcriptional promoters and repressors.
This mRNA can be translated into protein by the translational machinery. When the protein sequence is
correctly folded and spliced the mature protein can undergo further post-translational modifications, for
exam ple phosphorylation, to be activated or targeted for degradation. A. Several detection methods and
the part of the gene products that they measure, B. Overview of TRIB3 regulation during hypoxia.
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Future perspectives
To discover new, preferably predictive, markers for breast cancer, strategies based on the
function of proteins are often being used. Proteins are selected based on their function and
tested to determine whether they have a predictive value. The proteins of the PI3K/AKT
pathway are for example good candidates for predicting trastuzumab treatment response
[39> 4 °]- A variety of methods aimed at determining proteins at different steps in their life
cycle can be used (Figure 1A). Gene expression arrays are probably not the most suitable
method to use in such an approach considering the discordances between mRNA and protein
expression (Figure 1B). These discrepancies between mRNA and functional protein are not
uncommon [41-43], but to the best of our knowledge we are the fïrst to discover an opposite
relation of mRNA and protein expression with survival (chapter 3 and 4).
Based on the pro-apoptotic role of TRIB3 during hypoxia, TRIB3 protein expression seemed
to be a better representation of the function of TRIB3 than mRNA expression. Furthermore,
determination of the functional state of proteins could provide even better concordance
with clinical relevance. The relation between pAKT, hypoxia, TRIB3 and breast cancer
prognosis discovered with the phosphokinase arrays (chapter 6) indicates the value of these
kinds of arrays in this respect. In recent years, major advances are made in our understanding
of the pathways involved in breast cancer prognosis and progression, and availability and
affordability of the techniques has increased. Breast cancer patients may in the future be
classified based on a comprehensive analysis of DNA aberrations and methylation profiles,
gene expression and translation profiles, and protein expression and pathway activation
levels. To determine the aggressiveness of breast tumors this classification has to go beyond
the analysis of single tum or cells towards an assessment of the tum or microenvironment,
includingthe immune and normal stromal cell characteristics.This will allow the development
of a set of classifiers that can defïne an individual tumor by its location in a multidimensional
system that is comprised of all the variables that contribute to breast cancer disease
progression and/or treatment sensitivity.
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nuchter blijven - die jou (en onze gezamenlijke genen) zo tekenden, hebben ook mij geholpen
om vandaag op een punt te staan waar ik zelfs 4 jaar geleden alleen nog maar van kon dromen.
We mogen nooit vergeten waarvoor we onderzoek doen en voor mij waren een paar mensen
in het bijzonder die mij over de nodige obstakels heen hebben geholpen, door mij te laten
zien wat kanker aan kan richten en hoe hard er gevochten moet worden. Ik kan het dan
ook niet over mijn hart verkrijgen dit proefschrift af te sluiten zonder de volgende mensen
te noemen al zouden ze allen liever niet in de rijtje thuishoren. Familie W ennemers en met
name Jos, het laten gaan van je zus viel je zwaar. Anne en Rudy, in voor en tegenspoed was
voor niemand meer toepasselijk dan voor jullie. Rebecca, je hebt laten zien hoe sterk de
band tussen moeder en dochter is. Jan en Frida en natuurlijk Joyce en Ugur, het gevecht is
zwaar m aar samen is het te dragen. Arjen en Maureen, er zijn geen woorden voor, jullie liefde
overwint alles, omdat er liefde is bestaat er geen voorbij. Wat mij dan bij Jan brengt, ik heb je
nooit mogen kennen, maar je bent in mijn hart altijd aanwezig. Je genen zijn vandaag letterlijk
dichterbij me dan ooit.
Dat dit proefschrift geen droom maar werkelijkheid is, heb ik aan veel mensen te danken.
Geen proefschrift zonder onderzoek en geen onderzoek zonder de steun en inspiratie van
goede onderzoekers, vrienden en familie. Graag zou ik hier de belangrijkste mensen zonder
wie dit proefschrift er niet zou zijn benoemen en daarmee bedanken voor hun bijdrage al is
het onmogelijk om iedereen hier persoonlijk te bedanken.
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Geachte professor Sweep, beste Fred, je hebt als afdelingshoofd een roerige en drukke tijd
doorgemaakt tijdens mijn promotietraject. Toch hield je voet bij stuk en wilde je als promotor
iedere week up-to-date worden gehouden en was er keer op keer aan je commentaren te
merken dat je ook voor het lezen de tijd nam. Jij was bij elk manuscript weer mijn graadmeter;
pas als jij enthousiast was en je goedkeuring had gegeven over een stuk dan was ik tevreden
en het manuscript klaar voor submissie.
Geachte dr. Span, beste Paul, je deur stond altijd voor mij open of het nu om werk of persoonlijke
zaken ging. Nog steeds vind ik het soms lastig om de van de hak op de tak overleggen te
volgen maar dat blijft één van de vele uitingen van je aanstekelijke enthousiasme voor het
onderzoek. Geen resultaat kreeg ik zo snel in mijn labjournaal of jij had het al gezien. Dat
tekende je betrokkenheid bij het onderzoek. De discussies die er tijdens onze werkoverleggen
werden gevoerd gingen lang niet altijd over “mijn” onderzoek, waardoor ik wel een leuke en
leerzame indruk kreeg van de wetenschappelijke wereld achter de schermen.
Geachte dr. Bussink, beste Jan. Niet zelden droeg ook jij je steentje bij tijdens deze gesprekken.
Daarnaast had je een frisse klinische kijk op het onderzoek en hield ons scherp om alles goed
en duidelijk te verwoorden. Het was fijn om van je ervaring in het radiobiologisch onderzoek
gebruik te mogen maken. Ik vond het bijzonder om te merken dat een gezamenlijke
geboortegrond toch gelijkenissen voort brengt.
Mijn promotietraject ben ik fysiek begonnen op de toenmalige afdeling chemische
endocrinologie. Marian heeft mij ingewijd in het onderzoek en de dagelijkse gang van zaken.
De collega’s zoals Joop, Doorlene, Anneke en vele anderen waren leerzaam en gezellig om om
me heen te hebben. Iedereen stond altijd voor me klaar. Daarnaast was het een bijzondere
maar leuke ervaring om een jaar lang met een eigenwijze en koppige, maar soms vaderlijke
Nicolai een kamer te mogen delen.
Na een jaar ben ik verhuisd naar de afdeling radiotherapie waar ik het genoegen had om met
Monique en Hanneke een kamer te mogen delen. De bovenverdieping moet soms gek zijn
geworden van het geluid dat wij produceerden, maar jullie steun, motivering, meedenken
en natuurlijk de gezelligheid had ik voor geen goud willen missen. Monique, geweldig dat je
mij vandaag bijstaat! Toen ook Anika, Laura en Tineke een (definitief) plekje nodig hadden
verhuisden we naar kamer 18. Het was soms een kippenhok waar geen oordopjes tegenop
konden, maar er zijn ook heel wat nuttige dingen (privé en werk) besproken en het voelt nog
steeds enigsinds als thuiskomen als ik daar binnen loop.
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Natuurlijk is de afdeling radiotherapie groter dan alleen mijn kamergenoten en heeft iedereen
op zijn eigen wijze een bijdrage geleverd aan het tot stand komen van dit proefschrift. Hans,
Jasper, W enny en Marieke, bedankt voor jullie praktische hulp en adviezen, want wat heb ik
me soms dom gevoeld.
Ilse, Bianca, Esther, Saskia, Paul, Hans en Bert ook jullie kan ik natuurlijk niet nalaten hier een
eervolle vermelding te geven, bedankt dat jullie met me meegedacht hebben.
Tijdens mijn promotietraject heb ik het genoegen gehad om met een variëteit aan stagiaires
te mogen werken. Anika (nogmaals), Kimberley, Maarten, Muriel en Marieke, ik heb veel van
jullie en jullie werk geleerd. Daarnaast heb ik met vele mensen samen mogen werken. Met
name Bert, Sylvie en Saskia mogen in dit dankwoord niet ontbreken. Bedankt voor de fijne
samenwerking en al waar dit toe geleid heeft.
Ondanks dat ik tijdens het werken veel plezier heb gehad, zijn er nog veel meer mensen
die ervoor zorgden dat ik de nodige ontspanning kreeg. Leu ut Vorden (en Hengelo, Eist en
Wehl), bedankt voor alle leuke, gezellige en mooie momenten waardoor ik mijn drukke werk
even opzij kon zetten.
Voor steun en ontspanning wist ik dat ik twee dames had waarop ik altijd kon rekenen. Met
beiden heb ik samen al heel wat toppen en dalen meegemaakt. Anne en Lisette, het is fijn te
weten dat jullie me altijd zullen blijven steunen. Lisette, wat bijzonder om naast mijn eerste
ervaringen op het lab ook deze dag met jou te mogen delen.
Ik heb het geluk dat ik naast goede vrienden ook een hele fijne familie om me heen heb. Arjan,
Susanne, Emma en Elly bedankt dat jullie mij, maar ook Cerben altijd hebben gesteund. Anne,
Ron, en kids bedankt voor alle tips, koppen thee en fijne en gezellige momenten samen, het
blijft fijn jullie zo dichtbij te hebben.
ik wil dit dankwoord niet voorbij laten gaan zonder de twee mensen te noemen aan wie ik
letterlijk het leven te danken heb. Jos en Roely, jullie hebben me altijd vrij gelaten in mijn
keuzes en me gestimuleerd om altijd vol te gaan voor waar ik voor koos. Hierdoor heb ik het
doorzettingsvermogen en enthousiasme gehad om dit proefschrift tot een mooi en goed
einde te brengen. Mijn dank is groot!
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Cerben, mijn rots in de branding, wat heb jij veel te verduren gehad in de afgelopen jaren.
“ Iedereen hef soms weles een klotedag, dan is ‘t net of niemand ow nog mag, lup stroef,
‘t geet niet zoals i-j wilt, i-j scheld en ‘t tiert, ‘t hele huus dat trilt”. Gelukkig was jij er altijd
om mij op te vangen en weer met beide benen op de grond te zetten. Samen hebben we
de tegenslagen van het onderzoek overwonnen en alle kleine en grote overwinningen goed
gevierd. Er is niemand anders die mij kan en mag laten lachen op de momenten dat de tranen
niet lijken te stoppen; dat moet wel echte liefde zijn. Ik kan niet anders dan door en door
gelukkig zijn dat het ons samen gegund is een gezin te gaan stichten.
Ook voor allen waar ik niet aan toe ben gekomen hier persoonlijk te noemen:

Jullie hebben mijn 4 jaren promotieonderzoek tot een onvergetelijke tijd gemaakt
die ik nooit zal vergeten!
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Stellingen behorende bij het proefschrift van Marloes W ennemers

Differential prognostic value of mRNA and protein in
breast cancer: The trouble with tribbles.
★

mRNA levels do not necessarily represent protein levels nor protein function; dit
proefschrift

★

The prognostic value of BRE mRNA expression is dependent on many factors
including cancer type and treatment; dit proefschrift

★

The functional state of TRIB3 within a tumor is better represented by TRIB3 protein
levels than by mRNA levels; dit proefschrift

★

TRIB3 marks or supports tum or aggressiveness rather than reflecting a hypoxic
state of the tumor: dit proefschrift

★

TRIB3 is a key regulator in keeping the balance between cell survival and cell death
pathways; dit proefschrift

★

One cannot resist to love the small, soft, and gentle Tribble, but one needs to part
from them eventually; the trouble with tribbles - Star Trek

★

The important thing in Science is not so much to obtain new facts as to discover new
ways of thinking about them; William Lawrence Bragg

★

Keep your eyes on the stars and your feet on the ground; Theodore Roosevelt

★

Live as of you were to die tomorrow, learn as of you were to live forever; Candhi

★

The most precious things in life are not those One gets for money; Albert Einstein

★

It is nice to be important but more important to be nice; Scooter

