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c-Jun is a proto-oncoprotein that is commonly overexpressed in many types of cancer and is believed to regulate cell
proliferation, the cell cycle, and apoptosis by controlling AP-1 activity. Understanding the c-Jun regulation is important
to develop treatment strategy for cancer. The COP9 signalosome subunit 6 (CSN6) plays a critical role in ubiquitin-
mediated protein degradation. MEKK1 is a serine/threonine kinase and E3 ligase containing PHD/RING domain involved
in c-Jun ubiquitination. Here, we show that CSN6 associates with MEKK1 and reduces MEKK1 expression level by
facilitating the ubiquitin-mediated degradation of MEKK1. Also we show that CSN6 overexpression diminishes MEKK1-
mediated c-Jun ubiquitination, which is manifested in mitigating osmotic stress-mediated c-Jun downregulation. Thus,
CSN6 is involved in positively regulating the stability of c-Jun. Overexpression of CSN6 correlates with the upregulation
of c-Jun target gene expression in cancer. These findings provide new insight into CSN6-MEKK1-c-Jun axis in
tumorigenesis.

Introduction

c-Jun is a proto-oncoprotein that regulates cell proliferation,
cell cycle, and apoptosis by controlling AP-1 activity.1 The cellu-
lar activity of the AP-1 transcriptional factor depends on dimer
formation between the Jun and Fos proteins. After the homo-
dimerization or hetero-dimerization of these proteins, AP-1
dimers recognize the TPA response element (TRE: TGACTCA)
or cyclic AMP response element (CRE:TGACGTCA) and begin
the transcription of target genes that are involved in tumorigene-
sis.2 c-Jun is an essential component of the AP-1 dimer; its activa-
tion enhances AP-1-mediated cyclin D but suppresses p53
expression levels to promote carcinogenesis. Moreover, c-Jun
overexpression is commonly observed in many cancers, such as
breast cancer,3 glioblastoma,4 and colorectal adenocarcinoma.5

Thus, the cellular level and activity of c-Jun proteins are impor-
tant in cancer regulation.

The regulation of c-Jun is very complex. c-Jun protein stabil-
ity is controlled by E3 ubiquitin ligase proteins, such as
MEKK16,7 and FBW7,8 and its activity is regulated by Casein
kinase II9 and JNK2.10,11 Among the known regulators of c-Jun,
MEK kinase 1 (MEKK1) has a dual function: it either activates
c-Jun NH2-terminal kinases (JNKs), which are upstream kinases
of c-Jun, or it degrades and ubiquitinates the c-Jun protein
through the plant homeo-domain (PHD)/RING domain.6

MEKK1 was originally identified as a serine/threonine protein
kinase that activates JNK and extracellular signal-regulated pro-
tein kinase under different extracellular stimuli, such as heat

shock, ultraviolet, or osmotic stress.12 However, the direct
upstream regulator of MEKK1-mediated c-Jun ubiquitination
and degradation is not well understood.

The COP9 signalosome (CSN) is a protein complex that is
evolutionarily conserved from plants to mammals and consists of
8 subunits (CSN1-8).13 CSN is a protein complex involved in
protein degradation,14-17 transcriptional activation,18,19 signal
transduction,20-23 and tumorigenesis.15,22,24-26 The role of the
CSN’s subunits in cancer has not been well characterized. Mam-
malian CSN subunits engage in developmental processes: targeted
disruptions of mammalian Csn2, Csn3, Csn5, and Csn8 caused
defective embryo development.27-30 We previously performed tar-
geted disruption of the Csn6 gene in mice and found that
Csn6¡/¡ mice developed until 7.5 days post-coitus but not beyond
this time.15 Also, Csn6C/¡ mouse tumor experiments showed that
Csn6 haplo-insufficiency helps impede the development of can-
cer,15 suggesting that CSN6 signaling regulation is critical for
tumor development. However, the mechanism and biological con-
sequence of CSN6 expression in cancer remain not well studied.

Here, we demonstrate that CSN6 is involved in regulating
c-Jun stability. The downstream target of the CSN6 axis—
MEKK1 is a critical E3 ligase involved in this process. CSN6
antagonizes MEKK1 expression to regulate c-Jun stability. Our
studies characterize the signaling of the CSN6-MEKK1-c-Jun
axis in osmotic stress response. These results define a new mecha-
nism for posttranslational regulation of MEKK1. Our findings
also implicate a specific mechanism by which c-Jun is deregulated
in human cancers.
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Results

CSN6 interacts with MEKK1
It has been reported that MEKK1 regulates c-Jun stability 6

and that COP9 signalosome is known to regulate c-Jun stabil-
ity.27 It is possible that there is a relationship between MEKK1
or CSN6 and c-Jun. To investigate the physical interaction
between them, we first tested endogenous binding between
CSN6 and MEKK1 and c-Jun. Cell lysates were subjected to
immunoprecipitation with antibody of CSN6 or MEKK1.
Indeed, endogenously expressed CSN6, MEKK1, and c-Jun were
associated with each other (Fig. 1A). To verify exogenous bind-
ing, we transfected cells with Flag-CSN6 and examined MEKK1
binding. An association between exogenous CSN6 and endoge-
nous MEKK1 was confirmed (Fig. 1B). In vitro binding was
investigated using CSN6 and MEKK1 TNT products. Consis-
tently, we confirmed in vitro binding between CSN6 and
MEKK1 (Fig. 1C).

CSN6 negatively regulates MEKK1 steady-state expression
It was reported that MEKK1 functions as an E3 ligase to

destabilize c-Jun protein.6 In addition, we previously observed
that CSN6 can regulate the stability of several E3 ligases.15,23,31

On the basis of these findings, we determined whether CSN6
regulates MEKK1 to stabilize c-Jun proteins. We found that high
expression levels of CSN6 suppressed MEKK1 expression levels
in a dose-dependent manner (Fig. 2A). In contrast, MEKK1 lev-
els were stabilized by knocking down CSN6 (Fig. 2B). We also
characterized the functional domain of CSN6 that regulates
MEKK1 stability. Full-length, N-terminus (aa 1–184 containing
MPN motif) only, or C-terminus (aa 185–327) only CSN6 plas-
mid DNA was co-transfected with MEKK1. Only full-length
CSN6 regulated MEKK1, not truncated forms (Fig. 2C). To
confirm that regulation of MEKK1 by CSN6 occurs at the post-
transcriptional level, we examined the turnover rate of MEKK1
protein in the presence of the de novo protein synthesis inhibitor
cycloheximide (CHX). The rate was higher in the CSN6 overex-
pression group than in the control group (Fig. 2D). In contrast,
in the CSN6 knockdown group, the MEKK1 protein turnover
rate was significantly lower (Fig. 2E). Together, these results sug-
gest that CSN6 is reducing the stability of MEKK1.

CSN6 decreases MEKK1 stability through enhancing
the ubiquitination of MEKK1

We found that CSN6-mediated MEKK1 downregulation was
rescued by the proteasome inhibitor MG132 (Figure 3A). These
results suggest that CSN6 reduced the steady-state expression of
MEKK1 in a proteasome-dependent manner. We further con-
firmed that CSN6 induces MEKK1 poly-ubiquitination via the
26S proteasome. First, we examined both CSN6C/C and
CSN6C/¡ mouse embryonic fibroblasts (MEFs) and observed
decreased MEKK1 ubiquitination levels in CSN6C/¡ MEFs
(Fig. 3B). Next, we examined the effect of CSN6 on
MEKK1 ubiquitination under denaturing conditions. Overex-
pression of CSN6 induced MEKK1 poly-ubiquitination
(Fig. 3C). However, poly-ubiquitination of MEKK1 was

decreased when CSN6 was knocked down (Fig. 3D). These
results indicate that CSN6 can negatively affect the steady-
state expression of MEKK1 via enhancing MEKK1
ubiquitination.

Figure 1. In vivo and in vitro binding between CSN6 and MEKK1. (A)
Endogenous CSN6 interacts with MEKK1. HEK 293T cells were lysed and
subjected to immunoprecipitation with IgG-, CSN6-, and MEKK1-specific
antibodies. Both immunoprecipitation and total cell lysate (TCL) were
immunoblotted with the indicated antibodies. (B) Exogenous CSN6 inter-
acts with endogenous MEKK1. HEK 293T cells were transfected with Flag-
CSN6 plasmid and then subjected to immunoprecipitation (anti-Flag)
and Western blot analysis with MEKK1 antibody. (C) CSN6 binds with
MEKK1 in vitro. Flag-CSN6 and HA-MEKK1 proteins were created using an
in vitro transcription/translation system (TNT). Proteins were immunopre-
cipitated with M2 Flag beads and subjected to an SDS-PAGE analysis.
(A, B) All cells were treated with 10 mM MG132 for 6 hrs before being
harvested.
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CSN6 hinders MEKK1-mediated c-Jun destabilization
MEKK1 functions as an E3 ligase for c-Jun, and we observed

CSN6-induced MEKK1 degradation. Thus, we further investi-
gated whether CSN6 can rescue MEKK1-mediated c-Jun degra-
dation. Indeed, MEKK1 reduced the steady-state expression of
c-Jun, but overexpression of CSN6 reversed MEKK1-mediated
c-Jun degradation (Fig. 4A). We also determined whether

CSN6 rescued c-Jun protein degradation by MEKK1 under sor-
bitol-induced osmotic stress conditions. Indeed, sorbitol
decreased both phosphorylated and non-phosphorylated c-Jun
protein expression over time. Importantly, c-Jun expression levels
were stabilized when CSN6 was overexpressed (Fig. 4B). To
determine whether MEKK1 is a major mediator of c-Jun regula-
tion in the CSN6-MEKK1-c-Jun axis, we examined both the

Figure 2. CSN6 negatively regulates MEKK1 steady-state expression. (A) Overexpression of CSN6 downregulates MEKK1 levels. HEK293T cells were co-
transfected with Myc-CSN6 and HA-MEKK1 plasmid. A Western blot analysis was performed with the same amount of cell lysate. (B) MEKK1 was stabilized
under CSN6 knockdown conditions. HEK293T cells were co-transfected with shCSN6 and HA-MEKK1 plasmid and then subjected to immunoblotting with
the indicated antibodies. (C) Full-length CSN6 decreased MEKK1 expression. Cells were co-transfected with Flag-WT CSN6 or the truncated form of CSN6
(N terminal or C-terminal) and HA-MEKK1 plasmid. Cell lysates were immunoblotted with the indicated antibodies. (D) Overexpression of CSN6 increased
the turnover rate of MEKK1. Myc-CSN6- and HA-MEKK1-co-transfected HEK 293T cells were treated with CHX for the indicated times and then subjected
to Western blot analysis. The density of MEKK1 was measured, and the integrated optical density (IOD) was measured. The turnover of MEKK1 was indi-
cated graphically. (E) Knockdown of CSN6 decreased the turnover rate of MEKK1. shCSN6 and HA-MEKK1-co-transfected HEK 293T cells were treated
with CHX for the indicated times and then subjected to immunoblotting analysis. The density of MEKK1 was measured, and the integrated optical den-
sity (IOD) was measured. The turnover of MEKK1 was indicated graphically.
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WT and C433A RING mutant (lost E3 ligase function) forms of
MEKK1.33 We found that c-Jun protein expression levels were
not affected by C433A MEKK1. Importantly, CSN6 rescued c-
Jun degradation in WT MEKK1 but not in C433A MEKK1
(Fig. 4C). These data suggest that CSN6 regulates c-Jun stability
by antagonizing MEKK1’s activity.

CSN6 reduces MEKK1-mediated c-Jun ubiquitination
Although CSN6 rescues c-Jun protein degradation by down-

regulating MEKK1 expression, the effect of CSN6 on MEKK1-
induced c-Jun ubiquitination needs to be verified. As expected,

MEKK1 increased c-Jun poly-ubiquiti-
nation, but overexpression of CSN6
hindered MEKK1-mediated c-Jun ubiq-
uitination (Fig. 5A). Moreover, C433A
MEKK1 had no functional effect on c-
Jun ubiquitination (Fig. 5A). We then
determined whether CSN6 rescued sor-
bitol-induced c-Jun ubiquitination. As
expected, sorbitol increased c-Jun poly-
ubiquitination, but CSN6 overexpres-
sion significantly suppressed ubiquitina-
tion levels of c-Jun (Fig. 5B). We further
verified whether MEKK1 is a major
mediator of c-Jun ubiquitination in the
CSN6-MEKK1-c-Jun axis by examining
both MEKK1C/C and MEKK1¡/¡

MEFs. C-Jun is not ubiquitinated in
MEKK1¡/¡ MEFs (Fig. 5C). We con-
firmed that CSN6 reduced c-Jun poly-
ubiquitination only in MEKK1C/C

MEFs (Fig. 5C), indicating that CSN6
mediates c-Jun ubiquitination is through
regulating MEKK1.

CSN6 regulates c-Jun target genes
through MEKK1

To understand the contribution of the
CSN6-MEKK1-c-Jun axis to human
tumorigenesis, we analyzed the gene
expression profiles of 278 stage I–III
breast cancer patients; we found a posi-
tive correlation between CSN6 expres-
sion and c-Jun target genes in tumors
(Fig. 6A). Thus CSN6-c-Jun link in cell
studies can be recapitulated in breast can-
cer samples. Importantly, we also show
that low level of MEKK1 is correlated
with poor survival of breast cancer
patients (Fig. 6B), confirming that
deregulation of MEKK1 is involved in
tumorigenesis. Here, we introduced a
novel mechanism by which CSN6-
MEKK1 signaling regulates c-Jun
ubiquitination and degradation. In con-
clusion, CSN6 increased c-Jun stability

by suppressing MEKK1 stability (Fig. 6C).

Discussion

CSN6 is overexpressed/amplified in cancers, which leads to
poor survival,22,34-37 indicating that abnormal CSN6 overexpres-
sion allows cancer to have growth advantages. However, its role
in cancer remains not well characterized. In the present study, we
found that CSN6 deregulation is causing destabilization of
MEKK1, a PHD/RING domain containing serine/threonine

Figure 3. CSN6 induces MEKK1 ubiquitination. (A) HEK293T cells were co-transfected with Myc-CSN6
and HA-MEKK1 plasmid for 48 hrs and then treated with DMSO or MG132 for 6 hrs before being har-
vested. A Western blot analysis was performed using the same amount of cell lysate. (B) Loss of
CSN6 decreased MEKK1 ubiquitination levels. csn6C/C and csn6C/¡ MEFs were lysed and subjected to
immunoprecipitation with ubiquitin antibody and then immunoblotted with MEKK1 antibody. (C, D)
CSN6 efficiently ubiquitinates MEKK1. HEK 293T cells were co-transfected with the indicated plas-
mids, followed by nickel bead purification for an in vivo ubiquitination assay. An immunoblot analysis
was performed. (B-D) All cells were treated with 10 mM MG132 for 6 hrs before being harvested.
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kinase involved in c-Jun regulation. c-Jun is a part of the tran-
scription factor AP-1 that is regulated by a wide variety of extra-
cellular signaling. We found that CSN6 has unprecedented
biological activity in downregulating MEKK1, thereby inducing
c-Jun elevation. This study demonstrates how CSN6 has a role in
promoting cancer development by influencing MEKK-c-Jun
signaling.

MEKK1, a MAPK kinase kinase, is activated in response to
stimuli that can alter the cytoskeleton and cell migration.
MEKK1 is an upstream signal mediator of MKK1 and MKK4,
leading to the activation of ERK1/2 and JNK. JNK signaling is
an important mediator of the cellular stress response. MEKK1
activates JNK and phosphorylation of c-Jun and also stimulates
c-Jun ubiquitination and degradation. The regulatory mecha-
nism of MEKK1 is not well characterized. Our CSN6 studies
show a new layer of MEKK1 regulation. Given that CSN6 par-
ticipates in enhancing MEKK1 ubiquitination/degradation,
CSN6 has the potential role in multiple biological functions, as
MEKK1 is an important signal mediator in deregulations of can-
cer hallmarks,38 including cell growth, apoptosis, cancer inva-
sion39,40 and tumorigenesis.41-44 Our studies open a new avenue
to address these issues.

In COP9 signalosome, CSN6 shared with CSN5 the Mpr1-
Pad1-N-terminal (MPN) domain,45 which is involved in
controlling Cullin deneddylation activity.31,46 The biological
function of the MPN domain remains not clear, but the domain
has polar residues that resemble the active site residues of metal-
loproteases 47 and is critical in a proteasome-associated activity.48

The N-terminal CSN6 includes CSN6’s MPN domain, which is
conserved in the N-terminus of yeast Mpr1 and Pad1 proteins.
Our data show that N-terminal CSN6 alone is not able to medi-
ate MEKK1 downregulation, while full-length CSN6 can desta-
bilize MEKK1. This is somewhat of a surprise as CSN6’s MPN
domain is the major domain involved in targeting protein stabil-
ity regulation such as Myc.31 The data suggest that every domain
of CSN6 is participated in MEKK1 downregulation, which war-
rants further investigation.

MEKK1 is a195 kDa protein and has a N-terminal plant
homeobox domain (PHD) with E3 ligase activity. MEKK1
kinase activity is required for ubiquitination of MEKK1.33

MEKK1 demonstrates autoubiquitination and is inhibited by
mutation of cysteine 443 to alanine (C443A) within the PHD
domain. We show that CSN6 enhances MEKK1 ubiquitination
and induces subsequent downregulation. We also show that
C433A MEKK1 is resistant to CSN6-mediated downregulation,
suggesting that CSN6 is involved in enhancing autoubiquitina-
tion of MEKK1. MEKK1 is a major activator for the JNK path-
way,49 while MEKK1 can also regulate the ERK pathway.50,51

Importantly, MEKK1 is critical for ERK1/2 ubiquitination. It is
shown that both kinase activity and E3 ligase activity are required
to regulate ERK1 /2 ubiquitination.33 Given that CSN6 is affect-
ing the stability of MEKK1, it is possible that CSN6 will have
impact on ERK1/2 signaling.

Our data show that CSN6 overexpression leads to enhanced
expression of c-Jun target genes in cancer. Also we show that low
level of MEKK1 expression correlates with poor survival in breast

Figure 4. CSN6 rescues MEKK1-mediated c-Jun destabilization. (A) CSN6
inhibits c-Jun destabilization by MEKK1. HEK293T cells were co-trans-
fected with the indicated plasmids, and an immunoblot analysis was per-
formed with c-Jun antibody. (B) CSN6 rescues osmotic stress-induced c-
Jun degradation. Cells were transfected with Myc-CSN6 and then treated
with 500 mM sorbitol for the indicated times. A Western blot analysis
was performed with the same amount of cell lysates. The density of
phospho-c-Jun or MEKK1 was measured, and the integrated optical den-
sity (IOD) was measured. The turnover of phospho-c-Jun or MEKK1 was
indicated graphically. (C) CSN6 hampered WT MEKK1-induced c-Jun deg-
radation. Cells were co-transfected with HA-WT or the PHD/RING finger
domain mutant form of MEKK1 (C433A) and Myc-CSN6 and then sub-
jected to immunoblotting with c-Jun antibody.
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cancer patients. This is consistent with the observation that
MEKK1 can be a tumor suppressor.41-44 CSN6’s negative impact
on MEKK1 and positive impact on c-Jun stabilization allow tumor
cells to have a growth advantage; hence, reversing this process will
be a good strategic design for the treatment of cancers. A strategy to
antagonize CSN6-mediated MEKK1 degradation will be effective.
Our study indicates that Akt activation is stabilizing CSN6.22

Thus, inhibiting Akt signal pathway and subsequent destabilization

of CSN6 may have a potential for
clinical treatment of cancer patients
with c-Jun deregulation.

In summary, our findings show
that CSN6 overexpression can
facilitate MEKK1 degradation in
cancer and provide important
insight into upstream regulation of
MEKK1-mediated c-Jun deregula-
tion in cancers. The fact that
CSN6 functions as a negative regu-
lator of MEKK1 suggests that hin-
dering the CSN6 signaling axis is
an efficient therapeutic approach
in cancer treament.

Materials and Methods

Cell culture and reagents
HEK293T cells were purchased

from ATCC, and mekk1¡/¡ MEFs
were obtained from Dr. Zhimin
Lu (The University of Texas MD
Anderson Cancer Center, Hous-
ton, Texas). csn6C/C and csn6C/¡

MEFs were collected as described
previously.15 Cells were cultured in
DMEM/F12 media with 10%
(HEK 293T) or 20% (MEFs) fetal
bovine serum (Gemini), 2 mM
L-glutamine (Cellgro), and 1%
antibiotic-antimycotic solution
(Invitrogen). MG132, CHX, and
sorbitol were obtained from Sigma.
Ni-NTA agarose was obtained from
Invitrogen. We used the following
antibodies: Flag (M2 monoclonal
antibody, Sigma), actin (Sigma),
hemagglutinin (HA, 12CA5,
Roche), ubiquitin (Zymed Labora-
tories, Inc.), tubulin (Sigma),
CSN6 (BIOMOL International), c-
Myc (9E10, Santa Cruz), MEKK1
(Bethyl), c-Jun, and phospho-c-Jun
(Cell Signaling).

Immunoblotting and immunoprecipitation
Cells were lysed with lysis buffer (1 L contained 15 g of 1 M

Tris [Fisher], 30 mL of 5 M NaCl [Fisher], 1 mL of Nonidet
P-40 [USB Corp.], 1 mL of Triton X-100 [Sigma], and 2 mL
of 0.5 M EDTA [Fisher]) and a mixture of protease and phos-
phatase inhibitors (5 mM NaV, 1 mM NaF, 1 mM DTT,
0.1 mg/mL Pepstatin A, 1 mM PMSF, and 1,000£ complete
mixture protease inhibitor [Roche]). Protein lysates were

Figure 5. CSN6 inhibits MEKK1-mediated c-Jun ubiquitination. (A) HEK 293T cells were transfected with the
expression vector for His-ubi, Flag-c-Jun, HA-MEKK1, and Myc-CSN6, followed by nickel bead purification
and a Western blot analysis. (B) HEK 293T cells were co-transfected with the indicated expression vectors
and then treated with 500 mM sorbitol for 6 hrs before being harvested. Lysates were subjected to nickel
bead purification for an in vivo ubiquitination assay. (C) MEKK1C/C and MEKK1¡/¡ MEFs were transfected
with Flag-CSN6, lysed and subjected to immunoprecipitation with ubiquitin antibody, and then immuno-
blotted with c-Jun antibody. All cells were treated with 10 mMMG132 for 6 hrs before being harvested.
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standardized, and equal amounts of proteins were subjected to
an immunoblotting analysis. For immunoprecipitation, cells
were lysed with lysis buffer, and the same amount of protein
was immunoprecipitated with specific antibody overnight at
4�C. The antibody was pulled down with protein A/G beads
(Santa Cruz) for 3 hrs at 4�C, and a Western blot analysis was
performed as previously described.7,52

Protein turnover assay
Cells were transfected with the indicated plasmids for 48 hrs

and then treated with 200 mg/ml CHX for the indicated times as
previously described.16,53 Cells were lysed and standardized and
then subjected to an immunoblotting analysis with the indicated
antibodies.

In vivo ubiquitination assay
Ubiquitination assay was performed as previously

described.7,54,55 Non-denaturing condition: csn6C/C, csn6C/¡,
mekk1C/C, and mekk1¡/¡ MEFs were transfected with the indi-
cated plasmids and then treated with 100 mg/ml of MG132 for
6 hrs. Cell lysates were immunoprecipitated with ubiquitin anti-
body overnight at 4�C, and a Western blot analysis was per-
formed. Denaturing condition: HEK 293T cells were co-
transfected with His-tag-contained plasmid for 48 hrs and lysed
with denaturing buffer (6 M guanidine-HCl, 0.1 M Na2HPO4/
NaH2PO4, and 10 mM imidazole). After sonication, cell lysates
were incubated with Ni-NTA agarose beads for 3 hrs at ambient
temperature, and a Western blot analysis was performed with the
indicated antibodies.

Figure 6. CSN6 regulates the c-Jun target gene through MEKK1. (A) An enrichment score graph and ranked list metric graph show the upregulation of
c-Jun target genes in breast cancer patients with high CSN6 and low MEKK1 expression. (B) Kaplan-Meier survival curves of overall survival duration
based on MEKK1 and CSN6 expression in gene expression profiles of breast cancer patient cohort GSE20194. Data were downloaded from the Gene
Expression Omnibus database and matched with corresponding clinical data in analysis. Log-rank analysis was used to test for significance. P D 0.04 and
0.028 respectively. (C) Model of CSN6-MEKK1-c-Jun axis in regulating c-Jun transcriptional activity.
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Human tumor tissue samples
High CSN6 and low MEKK1 quartile levels were compared

with low CSN6 and high MEKK1 quartile levels using Gene Set
Enrichment Analysis (Gene Set Enrichment Analysis, Broad
Institute, MIT). Tissue samples from cohort GSE-20194, which
consisting of 255 untreated stage I–stage III breast cancer patients
at MD Anderson, was used for the analysis.
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