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Can we accurately report PTEN status in
advanced colorectal cancer?
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Abstract

Background: Loss of phosphatase and tensin homologue (PTEN) function evaluated by loss of PTEN protein
expression on immunohistochemistry (IHC) has been reported as both prognostic in metastatic colorectal cancer
and predictive of response to anti-EGFR monoclonal antibodies although results remain uncertain. Difficulties in the
methodological assessment of PTEN are likely to be a major contributor to recent conflicting results.

Methods: We assessed loss of PTEN function in 51 colorectal cancer specimens using Taqman® copy number
variation (CNV) and IHC. Two blinded pathologists performed independent IHC assessment on each specimen and
inter-observer variability of IHC assessment and concordance of IHC versus Taqman® CNV was assessed.

Results: Concordance between pathologists (PTEN loss vs no loss) on IHC assessment was 37/51 (73%). In specimens
with concordant IHC assessment, concordance between IHC and Taqman® copy number in PTEN loss assessment was
25/37 (68%).

Conclusion: Assessment PTEN loss in colorectal cancer is limited by the inter-observer variability of IHC, and discordance
of CNV with loss of protein expression. An understanding of the genetic mechanisms of PTEN loss and implementation
of improved and standardized methodologies of PTEN assessment are required to clarify the role of PTEN as a biomarker
in colorectal cancer.
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Background
Survival for patients with metastatic colorectal cancer
(mCRC) has improved significantly over the past 15 years,
largely due to improved systemic treatment options [1].
The availability of biological agents inhibiting angiogenesis
via vascular endothelial growth factor (VEGF) pathway
and targeting oncogenic cell signaling via epidermal
growth factor receptor (EGFR) have contributed to these
improved outcomes. With the advent of new treatment
options has come the search for predictive biomarkers to
assist selection of patients most likely to benefit from
these agents and equally to avoid toxicity and expense for
those who are unlikely to benefit. RAS gene mutation
(KRAS and NRAS) remains the only validated predictive
marker in mCRC and predicts for lack of benefit to anti-
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EGFR monocloncal antibodies (MoAbs) cetuximab and
panitumumab [2-6]. In addition to RAS, mutation of
genes involved in downstream EGFR signaling pathways
Ras/Raf/MAPK and PI3K/AKT have been proposed to
confer resistance to anti-EGFR MoAbs [6-8]. Specifically,
mutations in BRAF and PIK3CA genes are likely to pre-
dict resistance to anti-EGFR MoAbs although analyses
on retrospective cohorts have been conflicting [7,9-11].
PTEN is an important negative regulator of PI3K/AKT

pathway and controls cell proliferation, survival and
angiogenesis. Loss of PTEN function leads to persistent
activation of the PI3K pathway and has been observed in
breast, prostate, glioblastoma, endometrial and colon can-
cers [12,13]. Loss of PTEN function, generally evaluated by
loss of PTEN protein expression, has been suggested as
both prognostic in mCRC [8,14,15] and a predictive bio-
marker for response to anti-EGFR MoAbs [16,17] although
results remain conflicting and difficult to interpret.
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Several crucial factors make testing and interpretation
of PTEN difficult. Loss of PTEN function results from
several genetic mechanisms including small scale PTEN
gene mutations (point mutations, insertions, small dele-
tions), allelic loss at chromosome 10 and epigenetic silen-
cing via hypermethylation of the PTEN promoter region
[18]. PTEN gene mutations are relatively uncommon, oc-
curring in 2.2-12% [6,19,20] of CRC specimens and there-
fore account for only a small proportion of loss of PTEN
expression on IHC staining (19-54%) [8,17,19,21]. This
highlights the role of alternate mechanisms such as allelic
loss and epigenetic silencing in impairing protein expres-
sion. These mechanisms are likely to coexist leading to a
“second hit” and resulting in bi-allelic inactivation [13,16].
Further complicating the situation, the frequency of loss

of PTEN expression increases from progression from
normal colonic mucosa to adenoma, primary CRC and
ultimately metastasis [21]. The resultant discordance
between primary and metastatic CRC has been consist-
ently demonstrated [16,17,22,23]. This highlights a major
limitation of cohort studies assessing the predictive value
of PTEN loss in mCRC patients that have used only pri-
mary CRC specimens for analysis [24-27].
Clearly the role of PTEN is more complex than KRAS

gene mutation where a single identifiable mechanism
(activating mutation), largely concordant between primary
and secondary tumours, confers near complete resistance
to anti-EGFR MoAbs. Understanding this complexity is
central to interpreting the current literature relating to
PTEN and its potential role as a predictive biomarker. Re-
cently reported cohorts of mCRC patients receiving anti-
EGFR MoAbs have used PTEN loss of IHC expression to
report loss of PTEN function. While this represents the
functional outcome of several genetic mechanisms of
PTEN loss, IHC relies on subjective interpretation and
has the potential for inter reporter variation. Furthermore
there is variability over the definition of ‘loss of PTEN’
based on IHC scoring. In the largest cohort of mCRC pa-
tients, PTEN loss was defined as no staining in any cells at
any intensity [8], while other groups have used various
cut-offs of reduced PTEN expression [17,28-30]. Others
groups investigating the predictive role of PTEN have
assessed PTEN allelic loss by fluorescent in situ hydridiza-
tion (FISH) [31], PTEN mutation [6,19,20], and PTEN
promoter methylation [16] but concordance with loss of
PTEN expression by IHC remains unclear. The consistent
demonstration of PTEN as a useful biomarker in mCRC
has been, and will continue to be, limited until assessment
of PTEN loss is better clarified and validated.
Our group undertook an analysis of PTEN status in

the AGITG MAX study of mCRC patients to identify
the rate of inter-observer variability in IHC assessment
and the rate of discordance between IHC and PCR
assessment of PTEN status.
Methods
Patients and study design
The MAX study design and eligibility criteria have been
reported previously [32].
The primary objective of this Phase III randomized

trial was to evaluate the effect of adding bevacizumab
to capecitabine (with or without mitomycin C) on pro-
gression free survival (PFS) among patients receiving
first line chemotherapy for mCRC. Four hundred and
seventy-one patients were enrolled between July 2005
and June 2007. We have used the TaqMan® Copy Number
Assay (Life Technologies, Carlsbad, CA) to assess for
PTEN allelic loss and have previously reported that loss of
PTEN copy number was not prognostic nor predictive of
outcome in the MAX trial cohort [33]. In this report
we randomly selected 59 tumor samples to explore the
potential inter-observer variability between pathologists
assessment of PTEN loss of expression by IHC, and
concordance of IHC PTEN loss and the Taqman® results
(see Figure 1). Ethics approval for translational studies was
obtained centrally.

Tumour collection and processing
Formalin-fixed, paraffin-embedded (FFPE) samples of
tumor tissue from archival specimens collected at the
time of diagnosis were retrieved from storage at hospital
pathology departments. For Copy Number PCR, gen-
omic DNA was extracted from FFPE tissue sections with
the use of the QIAamp DNA FFPE tissue kit (Qiagen,
Valencia, CA). Manual micro-dissection was performed
on samples with less than 80% malignant cells when vi-
sualized by microscopy. The same tissue blocks were
used to make tissue microarrays (TMAs) and were assessed
for PTEN expression by IHC. Researchers who assessed
PTEN IHC expression were blinded to the PCR results.

Immunohistochemistry
Immunohistochemical staining was carried out on TMAs
using the PTEN monoclonal antibody 6H2.1 (Dako,
Glostrup, Denmark) that has been used previously
[34-36]. Essentially, tissue sections (3 μm) as TMAs
were deparaffinised by heating the slides at 55-60°C
for 2 hours, then soaking in xylene and hydrating by
passing through a graded series of ethanol to water.
Antigen retrieval was carried out by microwaving the
slides in target retrieval solution pH 9 (DAKO). Endogen-
ous peroxidase was quenched by incubating the slides in
Peroxidazed I reagent (Biocare Medical, Concord, CA) for
5 min and background staining was blocked by incubation
in Background Sniper reagent (Biocare Medical). Slides
were stained using a 1:100 dilution of PTEN primary
antibody 6H2.1 and detected using the MACH 3™
mouse HRP polymer detection system according to the
manufacturer’s protocol (Biocare Medical). Slides were



Figure 1 CNV = copy number variation, IHC = immunohistochemistry, mCRC = metastatic colorectal cancer.
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counterstained in methyl green (Sigma). The TMAs
contained 3 sections taken from the same core. Each
section was assessed by 2 blinded pathologists (JC
and AR) and a majority score was determined for
each pathologist (3 IHC readings). PTEN staining was
mostly cytoplasmic. Intensity was scored on a four-
tier system: 0, no staining; 1, weak; 2, moderate; and
3, strong. Loss of PTEN was defined as majority score
0 (Figure 2). The pathologist’s majority scores were
compared directly for an IHC concordance rate. Spe-
cimens concordant on IHC were used for IHC versus
TaqMan concordance rate.

PTEN copy number variation
The PTEN TaqMan® copy number assay (Hs03007912_cn,
Life Technologies) was performed using 10 ng DNA in
quadruplicate PCR. The primers provided in the assay
were entirely within exon 9 of PTEN, at cytoband
10q23.31a, location Chr.10:89727445 on NCBI build 37
(Life Technologies). The assay is a duplex PCR for the
PTEN gene and the reference gene, RNaseP (normaliser),
set up according to the supplier’s protocol and run on
the Rotorgene 6000 real time PCR instrument (Qiagen,
Valencia, CA). The results are calculated as a ratio rela-
tive to a 2-copy control using the 2-ΔΔCt method
(Rotorgene software), and multiplied by 2 to give the
copy number. We tested DNA from colon cancer cell
lines to determine the reproducibility of the assay and
to select cell lines to use as copy number controls. HT29
(ATCC) is known to have 3 copies of chromosome 10 as
determined by spectral karyotyping and comparative
genomic hybridization [37] and was used as the primary
control sample for 3 PTEN copies. Cell lines LIM2405,
LIM1899 (both a kind gift from The Ludwig Institute,
Melbourne) and HT29 were tested in quadruplicate and
repeated in 3 separate PCR assays. The assay was both
precise and reproducible - the means for LIM2405,
LIM1899 and HT29 were 1.08 SEM 0.04, 2.07 SEM 0.03
and 2.96 SEM 0.07 respectively, and the coefficient of vari-
ation (CV) from run to run was 2.4%, and intra-assay CV
was between 0.12% and 0.99%. These cell lines were there-
fore used as 1-, 2- and 3-copy controls respectively. Our
group has previously described quantification of PTEN
gene copy number on cell lines LIM2405 and LIM1899
[33]. For the patients’ DNA, loss of PTEN was defined
as ≤1.5 copies, no loss was >1.5 copies.
Results
Fifty-nine tumor specimens were analysed for loss of
copy number by Taqman® and for loss of protein expres-
sion by IHC. Eight samples were found to contain no
tumor tissue and were excluded from further analysis.
Immunohistochemistry
Two blinded pathologists assessed 51 specimens independ-
ently for PTEN protein expression with IHC. Pathologist
JC assessed 29/51 (57%) as having PTEN expression loss,
while pathologist AR assessed 17/51 (33%) as having loss
of PTEN expression. Concordance between pathologists
on final IHC assessment (PTEN loss/no loss) was 37/51
(73%), indicating in 14/51 (27%) of specimens there was
discordance in the final assessment of IHC PTEN loss
(Table 1).



Figure 2 Examples of immunohistochemical assessment of
PTEN (a) IHC negative (b) IHC positive.
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Taqman® copy number PCR
Using a PTEN Taqman® copy number assay, 25/51
specimens (49%) had ≤1.5 copy number and were thus
classified as PTEN loss.
Concordance between IHC and Taqman®PCR
The 37 specimens with concordant IHC assessment
were included in the IHC versus Taqman® PCR con-
cordance analysis. Fifteen specimens had PTEN loss on
IHC of which 10 (67%) also had PTEN allelic loss on
Table 1 Loss of PTEN by IHC and CNV

PTEN loss PTEN copy number IHC score Pathologist

JC AR

NT 5 0

Loss ≤1.5 26 0 29 17

No loss >1.5 30 +1, +2, +3 22 39

Total 56 56 56

CNV copy number variation, IHC immunohistochemistry, NT no tumour
identified, PTEN phosphatase and tensin homologue.
Taqman® PCR. Seventeen specimens had PTEN allelic
loss on Taqman® PCR of which 10 (58%) had PTEN loss
on IHC. Fifteen specimens had preserved PTEN on
both IHC and Taqman® PCR analysis. Overall concord-
ance between IHC and Taqman® copy number in PTEN
loss assessment was 25/37 (68%) (Table 2).

Discussion
In this validation study of PTEN assessment in CRC we
evaluated inter-observer variability in PTEN assessment
with IHC and subsequently the discordance of PTEN
assessment between IHC and PCR based methodologies.
IHC assessment yielded rates of PTEN loss of 33% and
57% between two pathologists, while Taqman® PCR dem-
onstrated 49% of specimens contained PTEN allelic loss.
Our analysis provides particular insight into the relation-
ship between PTEN protein expression and allelic loss.
Specifically how is protein expression maintained in the
setting of allelic loss, and why do samples show absence
of PTEN expression despite allelic loss?
In samples with PTEN allelic loss 41% maintained pro-

tein expression. Of these specimens all had IHC staining
intensity of 1+ suggesting possibly a reduced level of
PTEN protein. The maintenance of protein expression
in these cases is likely due to the remaining functional
PTEN allele, which allows transcription of a normal
PTEN protein. In cases of PTEN haploinsufficiency
(monoallelic loss) whether protein expression is reduced
and whether such reduction confers a growth advantage
is unknown. Sood et al. also demonstrated monoallelic
PTEN dysfunction (by mutation or promoter methyla-
tion) resulted in loss of protein expression in only 38%
of samples, while biallelic inactivation resulted in loss of
PTEN expression in 80% of cases [16]. Ali et al. reported
a higher PTEN expression loss of 71% in samples with
a single PTEN gene mutation, though allelic loss and
methylation were not assessed [19].
In our cohort 25% of cases without PTEN allelic loss

demonstrated complete absence of PTEN expression on
IHC. These findings confirm alternative genetic mecha-
nisms, beyond allelic loss, are responsible for loss of
PTEN protein expression. Several authors have under-
taken more comprehensive analysis of PTEN status on
CRC specimens and provide an important insight into
Table 2 Concordance of PTEN loss between IHC and
Taqman copy number

Taqman/IHC PTEN loss
(0 staining score)

NO PTEN loss
(+1, +2, +3)

PTEN loss (≤1.5) 10 7 17

No PTEN loss (>1.5) 5 15 20

Total 15 22 37

IHC Immunohistochemistry, PTEN phosphatase and tensin homologue.
Shaded squares = discordant results.
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the often coexisting genetic mechanisms of PTEN dys-
function. Goal et al. demonstrated hypermethylation of
the PTEN promoter region occurred in 10/132 (7.6%)
sporadic CRC specimens, with a higher rate (19.1%) in
microsatellite unstable CRCs. PTEN mutations coexisted
in 4/10 (40%) of hypermethylated PTEN specimens.
Eighty percent of patients with promoter hypermethyla-
tion had reduced (+1) or loss of PTEN protein expression
and in the 3 cases of complete loss of PTEN staining, pro-
moter hypermethylation coexisted with PTEN mutation
or allelic loss [13]. Nassif et al. assessed allelic loss and
PTEN mutation in 41 primary CRC specimens, finding 15
(37%) contained one or both aberrations. Nine of these
cases contained biallelic inactivation [12]. Perrone et al.
assessed both allelic loss by FISH and PTEN mutation in
32 mCRC samples. Thirteen percent had reduced PTEN
copy number, 10% contained PTEN mutations and only
one specimen (3%) had coexisting copy number loss
and PTEN mutation [38]. These results suggest a com-
prehensive analysis of all known mechanisms of PTEN
dysfunction, including determination of biallelic inactiva-
tion is likely to provide the most robust determination of
PTEN dysfunction.
Alternatively, focusing on loss of protein expression at

least represents the functional outcome of any such gen-
etic insult. We have demonstrated the current limita-
tions of IHC for this purpose. In our cohort, IHC
assessment of PTEN loss by two pathologists was 33%
and 57%, with overall concordance of 73%. As this was
designed as a validation subset we did not ask the two
pathologists to discuss the results that were not con-
cordant, nor seek a further opinion, methods commonly
described in papers reporting PTEN IHC aimed at redu-
cing the apparent discordance rate [10]. In all 14 cases
of IHC discordance one pathologist assessed the tumor
as having no PTEN staining (score 0) with the other
pathologist recording weak (score 1) staining. This high-
lights the subjective nature of IHC scoring, and the
inherent difficulty in arbitrary scoring of a continuous
(staining intensity) trait. The problematic inter-observer
variability of PTEN IHC is frequently reported in the lit-
erature [18,39] but rarely quantified. Recently Sangale
et al. evaluated PTEN IHC using 5 potential PTEN anti-
bodies on standardized cell lines. With the selected op-
timal antibody a validation study of 50 human tumor
specimens produced 100% concordance between three
independent pathologists using dichotomous reporting
of PTEN loss [30]. The significant inter-observer vari-
ability in PTEN IHC has also been demonstrated in
prostate and breast cancer also allowing for optimized
assays [40,41].
Overall the current literature highlight the difficulty in

accurately measuring PTEN function to date; measure-
ment of a single genetic insult, while minimizing inter-
observer variability, does not capture the often coexisting
mechanisms required for biallelic inactivation. The use of
IHC, while potentially a better measure of PTEN function,
is observer dependent and there remains a lack of consen-
sus on optimal methodology and scoring.
Given the limitations of PTEN assessment discussed

here, it is not surprising reports of the predictive value
of PTEN as a biomarker in CRC remain conflicting
[8,17,27,31]. In contrast, there appears more consistency
in the prognostic role of PTEN in colorectal cancer. Loss
of PTEN expression in primary CRC has been associated
with poor prognostic pathological features [19] as well
as higher rates of metachronous liver metastases [42].
Several retrospective cohort studies have demonstrated
reduced survival in patients with loss of PTEN by IHC
[8,14,15,43]. This is however, in contrast to our cohort of
patients from the MAX clinical trial where loss of PTEN
copy number by Taqman® PCR was not prognostic [33].

Conclusion
The lack of standardization in assessing loss of PTEN
function appears to have contributed significantly to the
conflicting results from retrospective cohort studies.
Further elucidation of PTEN as a potential biomarker
for colorectal cancer relies on defining PTEN loss of
function and standardizing analytical methods and scor-
ing systems. Future studies assessing PTEN function
may be better served by obtaining a more comprehensive
analysis of PTEN function by assessing PTEN mutation,
hypermethylation of PTEN promoter, PTEN allelic loss
and protein expression on each specimen. An alternative
approach may be to explore improved methods of meas-
uring reduced protein expression beyond IHC, given
reduced or absent protein expression should reflect the
functional outcome of PTEN loss irrespective of the gen-
etic mechanism. Immuno-PCR may provide an option of
combining the protein-specific capability of antibodies
with the objective quantification of real-time PCR [44].
This will be the focus of a future study.

Abbreviations
CNV: Copy number variation; CV: Coefficient of variability; EGFR: Epidermal
growth factor receptor; FFPE: Formalin-fixed, paraffin-embedded;
FISH: Fluorescent in situ hybridization; IHC: Immunohistochemistry;
mCRC: Metastatic colorectal cancer; MoAbs: Monocloncal antibodies;
PTEN: Phosphatase and tensin homologue; TMAs: Tissue microarrays;
VEGF: Vascular endothelial growth factor.

Competing interests
The authors declare that they have no competing interest.

Author contributions
CH drafted the manuscript. JH conceived the study and coordinated all
laboratory aspect of the study. VB participated in the design of the study
and assisted with writing of manuscript. JW was involved in performing the
DNA isolation and copy number PCR. NT contributed to trial conception and
design as well as assisting with manuscript preparation. JC undertook the
immunohistochemistry of the specimens and contributed to study design.
AR undertook the immunohistochemistry of the specimens and contributed



Hocking et al. BMC Cancer 2014, 14:128 Page 6 of 7
http://www.biomedcentral.com/1471-2407/14/128
to study design. CL undertook data analysis and statistical analysis. TP
conceived the study and participated in its design and coordination of all
aspects of the study including drafting of the manuscript. ART designed
study and assisted with manuscript. All authors read and approved the final
manuscript.

Author details
1The Queen Elizabeth Hospital, TQEH Woodville Road, Woodville South,
SA 5011, Australia. 2Bazil Hetzel Institute, Woodville Road, Woodville, SA,
Australia. 3University of Adelaide School of Medical Sciences, Adelaide,
Australia. 4University of Adelaide School of Medicine, Adelaide, Australia.
5Austin Health, Melbourne, Victoria, Australia. 6Australasian Gastrointestinal
Trials Group, Sydney, NSW, Australia. 7SA Pathology, Adelaide, Australia.
8Clinical Trials Centre, University of Sydney, Sydney, NSW, Australia.

Received: 13 August 2013 Accepted: 19 February 2014
Published: 25 February 2014

References
1. Kopetz S, Chang GJ, Overman MJ, Eng C, Sargent DJ, Larson DW, Grothey A,

Vauthey JN, Nagorney DM, McWilliams RR: Improved survival in metastatic
colorectal cancer is associated with adoption of hepatic resection and
improved chemotherapy. J Clin Oncol 2009, 27(22):3677–3683.

2. Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S, Freeman DJ, Juan T,
Sikorski R, Suggs S, Radinsky R, Patterson SD, Change DD: Wild-type KRAS is
required for panitumumab efficacy in patients with metastatic colorectal
cancer. J Clin Oncol 2008, 26(10):1626–1634.

3. Karapetis CS, Khambata-Ford S, Jonker DJ, O’Callaghan CJ, Tu D, Tebbutt NC,
Simes RJ, Chalchal H, Shapiro JD, Robitaille S, Price TJ, Shephard L, Au HJ,
Langer C, Moore MJ, Zalcberg JR: K-ras mutations and benefit from cetuximab
in advanced colorectal cancer. N Engl J Med 2008, 359(17):1757–1765.

4. Cancer incidence in five continents. IARC Sci Publ 1987, Volume V(88):1–970.
5. Douillard JY, Oliner KS, Siena S, Tabernero J, Burkes R, Barugel M, Humblet Y,

Bodoky G, Cunningham D, Jassem J, Rivera F, Kocakova I, Ruff P,
Blasinska-Morawiec M, Smakal M, Canon JL, Rother M, Williams R, Rong A,
Wiezorek J, Sidhu R, Patterson SD: Panitumumab-FOLFOX4 treatment and
RAS mutations in colorectal cancer. N Engl J Med 2013, 369(11):1023–1034.

6. Peeters M, Oliner KS, Parker A, Siena S, Van Cutsem E, Huang J, Humblet Y,
Van Laethem JL, Andre T, Wiezorek J, Reese D, Patterson SD: Massively
parallel tumor multigene sequencing to evaluate response to
panitumumab in a randomized phase III study of metastatic colorectal
cancer. Clin Cancer Res 2013, 19:1902–1912.

7. De Roock W, Claes B, Bernasconi D, De Schutter J, Biesmans B, Fountzilas G,
Kalogeras KT, Kotoula V, Papamichael D, Laurent-Puig P, Penault-Llorca F,
Rougier P, Vincenzi B, Santini D, Tonini G, Cappuzzo F, Frattini M, Molinari F,
Saletti P, De Dosso S, Martini M, Bardelli A, Siena S, Sartore-Bianchi A,
Tabernero J, Macarulla T, Di Fiore F, Gangloff AO, Ciardiello F, Pfeiffer P, et al:
Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on the efficacy of
cetuximab plus chemotherapy in chemotherapy-refractory metastatic
colorectal cancer: a retrospective consortium analysis. Lancet Oncol 2010,
11(8):753–762.

8. Laurent-Puig P, Cayre A, Manceau G, Buc E, Bachet JB, Lecomte T, Rougier P,
Lievre A, Landi B, Boige V, Reid J, Stone S, Penault-Llorca F: Analysis of
PTEN, BRAF, and EGFR status in determining benefit from cetuximab
therapy in wild-type KRAS metastatic colon cancer. J Clin Oncol 2009,
27(35):5924–5930.

9. Di Nicolantonio F, Martini M, Molinari F, Sartore-Bianchi A, Arena S, Saletti P,
De Dosso S, Mazzucchelli L, Frattini M, Siena S, Bardelli A: Wild-type BRAF is
required for response to panitumumab or cetuximab in metastatic
colorectal cancer. J Clin Oncol 2008, 26(35):5705–5712.

10. Tol J, Dijkstra JR, Klomp M, Teerenstra S, Dommerholt M, Vink-Borger ME,
van Cleef PH, van Krieken JH, Punt CJ, Nagtegaal ID: Markers for EGFR
pathway activation as predictor of outcome in metastatic colorectal can-
cer patients treated with or without cetuximab. Eur J Cancer 2010,
46(11):1997–2009.

11. Van Cutsem E, Kohne CH, Lang I, Folprecht G, Nowacki MP, Cascinu S,
Shchepotin I, Maurel J, Cunningham D, Tejpar S, Schlichting M, Zubel A,
Celik I, Rougier P, Ciardiello F: Cetuximab plus irinotecan, fluorouracil, and
leucovorin as first-line treatment for metastatic colorectal cancer:
updated analysis of overall survival according to tumor KRAS and BRAF
mutation status. J Clin Oncol 2011, 29(15):2011–2019.
12. Nassif NT, Lobo GP, Wu X, Henderson CJ, Morrison CD, Eng C, Jalaludin B,
Segelov E: PTEN mutations are common in sporadic microsatellite stable
colorectal cancer. Oncogene 2004, 23(2):617–628.

13. Goel A, Arnold CN, Niedzwiecki D, Carethers JM, Dowell JM, Wasserman L,
Compton C, Mayer RJ, Bertagnolli MM, Boland CR: Frequent inactivation of
PTEN by promoter hypermethylation in microsatellite instability-high
sporadic colorectal cancers. Cancer Res 2004, 64(9):3014–3021.

14. Li XH, Zheng HC, Takahashi H, Masuda S, Yang XH, Takano Y: PTEN
expression and mutation in colorectal carcinomas. Oncol Rep 2009,
22(4):757–764.

15. Sawai H, Yasuda A, Ochi N, Ma J, Matsuo Y, Wakasugi T, Takahashi H,
Funahashi H, Sato M, Takeyama H: Loss of PTEN expression is associated
with colorectal cancer liver metastasis and poor patient survival.
BMC Gastroenterol 2008, 8:56.

16. Sood A, McClain D, Maitra R, Basu-Mallick A, Seetharam R, Kaubisch A, Rajdev L,
Mariadason JM, Tanaka K, Goel S: PTEN gene expression and mutations in
the PIK3CA gene as predictors of clinical benefit to anti-epidermal growth
factor receptor antibody therapy in patients with KRAS wild-type
metastatic colorectal cancer. Clin Colorectal Cancer 2012, 11(2):143–150.

17. Loupakis F, Pollina L, Stasi I, Ruzzo A, Scartozzi M, Santini D, Masi G,
Graziano F, Cremolini C, Rulli E, Canestrari E, Funel N, Schiavon G, Petrini I,
Magnani M, Tonini G, Campani D, Floriani I, Cascinu S, Falcone A: PTEN
expression and KRAS mutations on primary tumors and metastases in
the prediction of benefit from cetuximab plus irinotecan for patients
with metastatic colorectal cancer. J Clin Oncol 2009, 27(16):2622–2629.

18. Custodio A, Feliu J: Prognostic and predictive biomarkers for epidermal
growth factor receptor-targeted therapy in colorectal cancer: beyond
KRAS mutations. Crit Rev Oncol Hematol 2013, 85(1):45–81.

19. Ali A, Saluja SS, Hajela K, Mishra PK, Rizvi MA: Mutational and expressional
analyses of PTEN gene in colorectal cancer from northern India.
Mol Carcinog. in press.

20. Naguib A, Cooke JC, Happerfield L, Kerr L, Gay LJ, Luben RN, Ball RY, Mitrou PN,
McTaggart A, Arends MJ: Alterations in PTEN and PIK3CA in colorectal
cancers in the EPIC Norfolk study: associations with clinicopathological and
dietary factors. BMC Cancer 2011, 11:123.

21. Jang KS, Song YS, Jang SH, Min KW, Na W, Jang SM, Jun YJ, Lee KH, Choi D,
Paik SS: Clinicopathological significance of nuclear PTEN expression in
colorectal adenocarcinoma. Histopathology 2010, 56(2):229–239.

22. Baas JM, Krens LL, Guchelaar HJ, Morreau H, Gelderblom H: Concordance of
predictive markers for EGFR inhibitors in primary tumors and metastases
in colorectal cancer: a review. Oncologist 2011, 16(9):1239–1249.

23. Cejas P, Lopez-Gomez M, Aguayo C, Madero R, Moreno-Rubio J, de Castro CJ,
Belda-Iniesta C, Barriuso J, Moreno Garcia V, Diaz E, Burgos E, Gonzalez-Baron
M, Feliu J: Analysis of the concordance in the EGFR pathway status between
primary tumors and related metastases of colorectal cancer patients:
implications for cancer therapy. Curr Cancer Drug Targets 2012, 12(2):124–131.

24. Li FH, Shen L, Li ZH, Luo HY, Qiu MZ, Zhang HZ, Li YH, Xu RH: Impact of
KRAS mutation and PTEN expression on cetuximab-treated colorectal
cancer. World J Gastroenterol 2010, 16(46):5881–5888.

25. Lin JK, Lin AJ, Lin CC, Lan YT, Yang SH, Li AF, Chang SC: The status of
EGFR-associated genes could predict the outcome and tumor response
of chemo-refractory metastatic colorectal patients using cetuximab and
chemotherapy. J Surg Oncol 2011, 104(6):661–666.

26. Saridaki Z, Tzardi M, Papadaki C, Sfakianaki M, Pega F, Kalikaki A, Tsakalaki E,
Trypaki M, Messaritakis I, Stathopoulos E, Mavroudis D, Georgoulias V,
Souglakos J: Impact of KRAS, BRAF, PIK3CA mutations, PTEN, AREG, EREG
expression and skin rash in >/= 2 line cetuximab-based therapy of
colorectal cancer patients. PLoS One 2011, 6(1):e15980.

27. Sartore-Bianchi A, Di Nicolantonio F, Nichelatti M, Molinari F, De Dosso S,
Saletti P, Martini M, Cipani T, Marrapese G, Mazzucchelli L, Lamba S,
Veronese S, Frattini M, Bardelli A, Siena S: Multi-determinants analysis
of molecular alterations for predicting clinical benefit to EGFR-
targeted monoclonal antibodies in colorectal cancer. PLoS One 2009,
4(10):e7287.

28. Frattini M, Saletti P, Romagnani E, Martin V, Molinari F, Ghisletta M,
Camponovo A, Etienne LL, Cavalli F, Mazzucchelli L: PTEN loss of
expression predicts cetuximab efficacy in metastatic colorectal cancer
patients. Br J Cancer 2007, 97(8):1139–1145.

29. Park JH, Han SW, Oh DY, Im SA, Jeong SY, Park KJ, Kim TY, Bang YJ, Park JG:
Analysis of KRAS, BRAF, PTEN, IGF1R, EGFR intron 1 CA status in both
primary tumors and paired metastases in determining benefit from



Hocking et al. BMC Cancer 2014, 14:128 Page 7 of 7
http://www.biomedcentral.com/1471-2407/14/128
cetuximab therapy in colon cancer. Cancer Chemother Pharmacol 2011,
68(4):1045–1055.

30. Sangale Z, Prass C, Carlson A, Tikishvili E, Degrado J, Lanchbury J, Stone S:
A robust immunohistochemical assay for detecting PTEN expression in
human tumors. Appl Immunohistochem Mol Morphol 2011, 19(2):173–183.

31. Razis E, Briasoulis E, Vrettou E, Skarlos DV, Papamichael D, Kostopoulos I,
Samantas E, Xanthakis I, Bobos M, Galanidi E, Bai M, Gikonti I, Koukouma A,
Kafiri G, Papakostas P, Kalogeras KT, Kosmidis P, Fountzilas G: Potential
value of PTEN in predicting cetuximab response in colorectal cancer:
an exploratory study. BMC Cancer 2008, 8:234.

32. Tebbutt NC, Wilson K, Gebski VJ, Cummins MM, Zannino D, van Hazel GA,
Robinson B, Broad A, Ganju V, Ackland SP, Forgeson G, Cunningham D,
Saunders MP, Stockler MR, Chua Y, Zalcberg JR, Simes RJ, Price TJ:
Capecitabine, bevacizumab, and mitomycin in first-line treatment of
metastatic colorectal cancer: results of the Australasian Gastrointestinal
Trials Group Randomized Phase III MAX Study. J Clin Oncol 2010,
28(19):3191–3198.

33. Price TJ, Hardingham JE, Lee CK, Townsend AR, Wrin JW, Wilson K,
Weickhardt A, Simes RJ, Murone C, Tebbutt NC: Prognostic impact and the
relevance of PTEN copy number alterations in patients with advanced
colorectal cancer (CRC) receiving bevacizumab. Cancer medicine 2013,
2(3):277–285.

34. Fujita T, Doihara H, Kawasaki K, Takabatake D, Takahashi H, Washio K,
Tsukuda K, Ogasawara Y, Shimizu N: PTEN activity could be a predictive
marker of trastuzumab efficacy in the treatment of ErbB2-overexpressing
breast cancer. Br J Cancer 2006, 94(2):247–252.

35. McMenamin ME, Soung P, Perera S, Kaplan I, Loda M, Sellers WR: Loss of
PTEN expression in paraffin-embedded primary prostate cancer
correlates with high Gleason score and advanced stage. Cancer Res 1999,
59(17):4291–4296.

36. Perren A, Weng LP, Boag AH, Ziebold U, Thakore K, Dahia PL, Komminoth P,
Lees JA, Mulligan LM, Mutter GL, Eng C: Immunohistochemical evidence
of loss of PTEN expression in primary ductal adenocarcinomas of the
breast. Am J Pathol 1999, 155(4):1253–1260.

37. Abdel-Rahman WM, Katsura K, Rens W, Gorman PA, Sheer D, Bicknell D,
Bodmer WF, Arends MJ, Wyllie AH, Edwards PAW: Spectral karyotyping
suggests additional subsets of colorectal cancers characterized by
pattern of chromosome rearrangement. Proc Natl Acad Sci U S A 2001,
98(5):2538–2543.

38. Perrone F, Lampis A, Orsenigo M, Di Bartolomeo M, Gevorgyan A, Losa M,
Frattini M, Riva C, Andreola S, Bajetta E, Bertario L, Leo E, Pierotti MA, Pilotti S:
PI3KCA/PTEN deregulation contributes to impaired responses to cetuximab
in metastatic colorectal cancer patients. Ann Oncol 2009, 20(1):84–90.

39. Dasari A, Messersmith WA: New strategies in colorectal cancer:
biomarkers of response to epidermal growth factor receptor monoclonal
antibodies and potential therapeutic targets in phosphoinositide
3-kinase and mitogen-activated protein kinase pathways.
Clin Cancer Res 2010, 16(15):3811–3818.

40. Lotan TL, Gurel B, Sutcliffe S, Esopi D, Liu W, Xu J, Hicks JL, Park BH,
Humphreys E, Partin AW, Han M, Netto GJ, Isaacs WB, De Marzo AM: PTEN
protein loss by immunostaining: analytic validation and prognostic
indicator for a high risk surgical cohort of prostate cancer patients.
Clin Cancer Res 2011, 17(20):6563–6573.

41. Sakr RA, Barbashina V, Morrogh M, Chandarlapaty S, Andrade VP, Arroyo CD,
Olvera N, King TA: Protocol for PTEN expression by
immunohistochemistry in formalin-fixed paraffin-embedded human
breast carcinoma. Appl Immunohistochem Mol Morphol 2010, 18(4):371–374.

42. Liang L, Wei Y, Ren L, Zhong YS, Xu JM: [A study of the relationship
between the mutation of PIK3CA, PTEN and the occurrence of liver
metastasis of colorectal cancer: survival analysis]. Zhonghua Wai Ke Za Zhi
2012, 50(11):1007–1010.

43. Jin C, Wang A, Chen J, Liu X, Wang G: Relationship between expression
and prognostic ability of PTEN, STAT3 and VEGF-C in colorectal cancer.
Experimental and therapeutic medicine 2012, 4(4):633–639.

44. Niemeyer CM, Adler M, Wacker R: Detecting antigens by quantitative
immuno-PCR. Nat Protocols 2007, 2(8):1918–1930.

doi:10.1186/1471-2407-14-128
Cite this article as: Hocking et al.: Can we accurately report PTEN status
in advanced colorectal cancer? BMC Cancer 2014 14:128.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and study design
	Tumour collection and processing
	Immunohistochemistry
	PTEN copy number variation

	Results
	Immunohistochemistry
	Taqman® copy number PCR
	Concordance between IHC and Taqman®PCR

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Author contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


