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Abstract: Since target therapy with mTOR inhibitors plays an important role in the current management of clear 
cell renal cell carcinoma (RCC), there is an increasing demand for predictive biomarkers, which may help to select 
patients that are most likely to benefit from personalized treatment. When dealing with formalin-fixed paraffin-em-
bedded (FFPE) cancer tissue specimens, several techniques may be used to identify potential molecular markers, 
yielding different outcome in terms of accuracy. We sought to investigate and compare the capability of three main 
techniques to detect molecules performing an active function in mTOR pathway in RCC. Immunohistochemistry 
(IHC), Western blot (WB) and immunofluorescence (IF) analyses were performed on FFPE RCC tissue specimens 
from 16 patients by using the following mTOR pathway-related: mTOR (Ser235/236), phospho-mTOR (p-mTOR/
Ser2448), phospho-p70S6k (p-p70S6k/Thr389), both monoclonal and polyclonal, phospho-S6Rb (p-S6Rb) and 
phospho-4EBP1 (p-4EBP1/Thr37/46). No single molecule was simultaneously revealed by all three techniques. 
Only p-p70S6k was detected by two methods (IHC and IF) using a monoclonal antibody. The other molecules were 
detected exclusively by one technique, as follows: p-mTOR and polyclonal p-p70S6K by IHC, p70S6K, p-S6Rb and 
p-4EBP1 by WB, and, finally, mTOR by IF. We found significant differences in detecting mTOR pathway-related ac-
tive biomarkers by using three common techniques such as IHC, WB and IF on RCC samples. Such results have 
important implications in terms of predictive biomarker testing, and need to be related to clinical end-points such 
as responsiveness to targeted drugs by prospective studies.
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Introduction

mTOR -mammalian target of rapamycin- inhibi-
tors play an important role in the targeted treat-
ment of clear cell renal cell carcinoma (RCC) [1, 
2], however biomarkers able to predict respon-
siveness to such drugs, thus providing pre-
treatment patient stratification, are lacking. 

The use of different techniques and scoring sys-
tems affect the accuracy of results when as- 
sessing active mTOR pathway-related mole-
cules on formalin-fixed paraffin-embedded (FF- 
PE) tissue samples, the most common being 
immunohistochemistry (IHC), Western blotting 
(WB) and immunofluorescence (IF). Unlike the 
targeted Her-2/neu gene for breast or gastric 
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cancer, ALK gene for pulmonary adenocarcino-
ma, 1p/19 chromosomes for oligodendroglio-
ma or EGFR gene testing, no consensus recom-
mendations are available to proper assess-
ment of molecular alterations in mTOR pathway 
as predictive biomarkers. 

Overall, cancer therapy has begun to shift from 
a standardized global treatment regimen, which 
included the administration of conventional ch- 
emotherapy, including actin cytostatic molecu- 
les, to a more personalized approach, targeting 
specific proteins in individual tumors. In order 
to limit the toxic effects, maximize efficacy and 
avoid cost-intensive treatments with little ben-
efit for patients, it is highly desirable to develop 
technologies, which reliably detect and validate 
cancer-specific targets. Efforts to target the th- 
erapy patient level include the identification of 
informative biomarkers, which could be used to 
improve early diagnosis, lead the choice on 
which patients could be treated and to identify 
the best personalized therapy with a predictive 
biomarkers assay [3-6]. In patients affected by 
metastatic clear cell RCC the use of mTOR in- 
hibitors are of routine practice in addition to 
other drugs, such as sorafenib or sutent. Diffe- 
rent potential mechanisms may also lead to 
resistance to mTOR inhibitors and actually no 
consensus has been reached to which of the 
several mTOR pathway-related molecules, whi- 
ch methods and which tissues are suitable to 
predict responsiveness to targeted mTOR ther-
apies [7-10].

Thus, detecting such biological parameters wi- 
th clinical relevance to predict the activity of 
mTOR inhibitors still represent a major chal-
lenge and it may also help the ongoing develop-
ment of new generations of mTOR inhibitors 
[11].

Aim of this study is to investigate and compare 
the capability of several techniques in identify-
ing mTOR pathway-related molecules carrying 
active function in clear cell RCC.

Materials and methods

Patients

Sixteen patients affected by metastatic (stage 
IV) clear cell RCC were retrieved from Verona 
Uroncological Database. Tissue samples inclu- 
ded 4 pulmonary, 4 pancreatic, 2 hepatic, 2 
skin, 2 adrenal, 1 epidural and 1 cerebellar me- 
tastases. 

The expression of mTOR (rabbit monoclonal, 
dilution 1:1,000; EPITOMICS, Burlingame, CA), 
phosphorylated mTOR (p-mTOR, rabbit mono-
clonal, dilution 1:1,000; EPITOMICS, Burlinga-
me, CA), p70S6k, phosphorylated p70S6k (p- 
p70S6k), both monoclonal and polyclonal (dilu-
tion 1:1,000; EPITOMICS, Burlingame, CA), ph-
osphorylated S6Rb (p-S6Rb, rabbit monoclo-
nal, dilution 1:1,000; EPITOMICS, Burlingame, 
CA) and phosphorylated 4EBP1 (p-4EBP1, rab-
bit monoclonal, dilution 1:1,000; EPITOMICS, 
Burlingame, CA) was examined by immunohis-
tochemistry (IHC ), Western blot (WB) and im- 
munofluorescence (IF).

Western blot analysis

Frozen tissue samples

Section obtained from fresh frozen tissue sam-
ples were collected into an Eppendorf tube. 
Cell Lysis Buffer (Cell Signaling, Beverly, MA) 
was added prior to heating at 100°C for 5 min. 
Samples were then cooled for 5 min on ice, 
centrifuged at 140000 x g for 15 minutes and 
supernatants were subsequently transferred to 
a new collection tube and stored at -20°C.

Formalin-fixed and paraffin-embedded tissue 
samples 

After deparaffinization and rehydration of tis-
sue sections, proteins were extracted using 
Qproteome FFPE Tissue Kit (Qiagen, Milan, 
Italy). Briefly, the area of interest was excised 
with a needle and transferred to a collection 
tube containing 100 μl of extraction buffer. The 
sample was vortexed and incubated in 100°C 
water bath for 20 minutes and then in 80°C 
thermomixer for 2 h with shake at 750 rpm. 
After heat-treatment, the sample was cooled to 
4°C for 5 minutes and centrifuged (14000 g, 
15 minutes, 4°C). The supernatant was trans-
ferred to a new collection tube and stored at 
-20°C). Using the Bio-Rad protein assay kit 
according to manufacturer’s instructions per-
formed protein quantification. 25 μg of extract-
ed lysates was resolved in 10% polyacrylamide 
SDS-PAGE gel in a BioRad Mini Protean tetra 
cell system at 150 V for 1 h.

Electrophoresed proteins were transferred into 
a nitrocellulose membrane at 250 mA for 90 
minutes. The membranes were blocked in TBST 
(100 mM Tris pH 7.5, 0.9% NaCl, 0.1% Tween 
20) plus 5% non-fat dry milk for 1 h at RT with 
constant shaking and probed overnight at 4°C 



mTOR pathway active biomarkers in clear cell renal cell carcinoma

909	 Am J Cancer Res 2014;4(6):907-915

with abovementioned antibodies. The sections 
were incubated O.N. at 4°C with the indicated 
antibodies, washed three time with TBST and 
incubated with the specific secondary anti-mo- 
use or anti-rabbit peroxidase-conjugated anti 
IgG antibody. After three washes with TBST the 
immunoblots were visualized with ECL plus 
(Amersham/GE Healthcare Europe GmgH, Mun- 
chen, Germany).

Expression levels of each marker were quanti-
fied with ImageJ densitometric analysis.

Immunohistochemical analysis

Paraffin-embedded tissue block were cut into 
2-3 μm sections and mounted on adhesion 
microscope glass slides.

For immunohistochemical staining, sections 
were stained in an autostainer Leica Bond Sy- 
stem with the abovementioned antibodies. Br- 
iefly, slides were deparaffinized twice in xylene 
for 5 minutes and rehydrated through graded 
ethanol solutions to distilled water. Antigen 
retrieval was performed by heating sections in 
citrate buffer, ethylenediaminetetraacetic acid 
buffer, or enzymatically with proteinase K. Ina- 
ctivation of endogenous peroxidase activity 
was obtained by incubating sections in 3% H2O2 
for 15 minutes. Localization of bound antibod-
ies was performed with a peroxidase-labeled 
streptavidin-biotin system (DAKO, LSAB2 Kit) 
with 3, 3-diaminobenzidine as a chromogen. 
Appropriate positive controls for each antibody 
were run concurrently and showed adequate 
immunostaining.

A case was interpreted positive if at least 10% 
of neoplastic cells showed immunoexpression. 
The staining score for each sample counting 
the intensity of neoplastic positive cells, was 

re dewaxed and rehydrated. Antigen retrieval 
was performed in prewarmed citrate buffer (pH 
6 temp. 95°C) for 30 minutes. The sections we- 
re cooled to room temperature and then incu-
bated with a protein block serum free solution 
for 15 minutes at RT to block non-specific bin- 
ding.

For immunofluorescence staining, sections we- 
re incubated with primary anti-human antibody. 
Slides were then incubated with the correspo- 
nding Alexa 488-conjugated antibody (1:1000 
INVITROGEN Molecular Probe, Milan, Italy). Re- 
duction of the autofluorescence background 
was performed by incubation with Sudan Black 
B 0.1% (Sigma-Aldrich). Nuclei were stained 
with Prolong Gold antifade reagent with DAPI 
(INVITROGEN Molecular Probe, Milan, Italy). Sli- 
des were analysed by a Olympus BX61 micro- 
scope.

Results

No one molecules of the mTOR pathway was 
simultaneously revealed by all three techni- 
ques. p-p70S6k monoclonal was detected by 
two (IHC and IF) methods (Table 1 and Figure 
1). The other molecules were detected by only 
one technique as follows: IHC showed the sen-
sitivity to detecting the expression of p-mTOR 
(Ser2448) and p-p70S6K (Thr389) molecules, 
Western blot analysis was the sensitive method 
to detect the expression of p70S6K molecules 
(Thr389), p-S6Rb and p-4EBP1 ones (Thr37/46) 
and immunofluorescence was sensitive in de- 
tecting the expression of mTOR (Ser235/236).

Western blot findings

Western blot analysis did not show any positiv-
ity for the p-mTOR and p-p70S6k monoclonal, 

Table 1. mTOR pathway: sensibility in detecting biomarkers by three 
tissue-based techniques

1 Molecules Immunohistochemistry  
(IHC)

Western  
blot (WB)

Immunofluorescence  
(IF)

mTOR - - ++
p-mTOR ++ - //
p70S6k - ++ //
p-p70S6k monoclonal ++ - +
p-p70S6k polyclonal - - //
p-S6RP - ++ //
p-4EBP1 - ++ //
//: not recommend.

grade as 1=lightly percep-
tible antibody signal, 2= 
average perceptible anti-
body signal and 3 clearly 
perceptible antibody sig- 
nal. 

Immunofluorescence 
analysis

FFPE tissue blocks were 
cut into 2-3 μm sections 
and mounted on adhesi- 
on microscope glass slid- 
es. After, the sections we- 
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and also for the mTOR and p-p70S6k polyclonal 
biomarker testing. Differently, Western blot an- 
alysis showed strong positivity for p70S6k (ba- 
nd visible at 70kDa), p-S6 Rb (band visible at 
32kDa) and p-4EBP1 molecules (band visible 
at 13-15kDa) (Figure 2).

Immunophenotypical findings

The immunohistochemical testing revealed in 
all cases the positive immunoexpression of p- 
mTOR and p-p70S6k monoclonal molecules; 
respectively 12 cases scored 2+ and 4 scored 

Figure 1. Testing mTOR pathway active biomarkers in clear cell renal cell carcinoma: preferable methods to be used 
to stratify patients for more likely response to mTOR inhibitors.

Figure 2. Western blot positive findings in metastatic clear cell RCC for the p70S6k, p-S6 Rb and p-4EBP1 mol-
ecules. A. Evidence for the band for p70S6k: E1-clear cell RCC, G1-clear cell RCC, B1-clear cell RCC, B2-pulmonary 
metastasis, F1-skin metastasis, F2-skin metastasis, A4-contralateral metastasis, A5-epidural metastasis, A3-cere-
bral metastasis, H2-clear cell renal cell carcinoma, H3- pulmonary metastasis; B. Evidence for the band for p-S6Rb: 
H1  normal kidney, H2 clear cell RCC, H3 pulmonary metastasis, B1 clear cell RCC, B2 pulmonary metastasis, F1 
skin metastasis, F2 skin metastasis, A4 contralateral metastasis, A5 epidural metastasis, A3 cerebellar metasta-
sis; C. Evidence for the band for p-4EBP1: G1 clear cell RCC, F1 skin metastasis, F2 skin metastasis, A2 adrenal 
metastasis, A3 cerebellar metastasis, A4 contralateral metastasis, A5 epidural metastasis, B1 clear cell RCC, B2 
pulmonary metastasis.
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1+ for the p-mTOR test and 14 cases scored 2+ 
and 4 scored 1+ for the p-p70S6k test (Figure 
3). The IHC analysis did not show any positivity 
in all cases for mTOR, p70S6k, p-p70S6k poly-
clonal, p-S6 Rb and p-4EBP1 molecules.

Immunofluorescence findings

The immunofluorescence analysis revealed the 
positive expression for mTOR molecule and for 
p-p70S6k monoclonal molecules. Notably, the 
mTOR was not evidenced by any other two tech-
niques such as the immunohistochemical and 
Western blot analysis. The remaining were not 
performed because they are not recommended 
by datasheet.

Discussion

In our study we concluded that: 1) there is a 
significant difference in detecting mTOR path-
way’s active biomarkers by using three com-

mon techniques such as IHC, WB and IF analy-
sis; 2) the methods to detect active molecules 
of the mTOR pathway are important when justi-
fying responsiveness or resistance to targeted 
drugs; 3) clinical trials need an agreement for 
standard methods to use for tissue testing in 
order to improve accuracy when correlation is 
performed between scoring the mTOR pathway 
activation and clinical end-points such as effi-
cacy to targeted drugs.

We observed significant differences in detect-
ing the mTOR pathway protein expression by 
using and comparing three major common tis-
sue-based techniques such as the IHC, WB and 
IF analysis. Of note, the methods to detect 
active molecules may justify at least in part the 
correlation in between molecular testing used 
and responsiveness or resistance to targeted 
drugs. 

Figure 3. Immunohistochemical and immunofluorescence findings in metastatic clear cell RCC. A. Clear cell RCC 
(hematoxylin and eosin); B. 2+ positive p-mTOR immunoexpression in a pulmonary metastases from clear cell RCC; 
C. Pancreatic metastasis from clear cell RCC with positive expression after incubation with primary anti-human p-
p70S6k monoclonal antibody (immunofluorescence, orange); D. 2+ positive p-p70S6k monoclonal immunoexpres-
sion in a skin metastases from clear cell RCC.
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mTOR has presented itself as a valid target for 
the treatment of cancer in clear cell RCC [12, 
13] and activation of this pathway has been 
suggested to correlate with aggressive behav-
ior and unfortunate prognosis in clear cell RCC 
[14]. mTOR also regulates the translation of 
mRNA for p70S6 kinase (p70S6k) in cancer 
cells and overexpression of p70S6k is observed 
in ~60% of patients with clear cell RCC and 
seems to be predictive of response and treat-
ment outcomes [15, 16]. Phosphorylation of 
downstream targets p70S6k and eukaryotic tr- 
anslation initiation factor 4E (eIF4E) binding 
protein (4E-BP1) is also inhibited by this pa- 
thway [17]. For the reasons aforementioned, 
mTOR inhibitors play an important role in the 
targeted treatment of clear cell RCC, however 
no pre-selection of patients is available to pre-
dictive high efficacy to targeted inhibitors in a 
metastatic setting. The mTOR pathway is also 
of particular relevance to clear cell RCC also for 
anti-angiogenetic pathway, as it has been sh- 
own that HIF protein expression is dependent 
by mTOR in certain cellular contexts. Inapp- 
ropriate accumulation of HIF-1α and HIF-2α as 
a result of biallelic alterations in the von Hippel-
Lindau (VHL) gene observed in the majority of 
clear cell RCC is believed to be a critical step in 
RCC tumorigenesis as a result of increased ex- 
pression of HIF-regulated gene products includ-
ing VEGF, PDGF and TGF-α. 

In our study we tested metastatic clear cell RCC 
with several molecules (mTOR, p-mTOR, p70- 
S6K, p-p70S6K, 4EBP1) because different po- 
tential mechanisms may also lead to resistance 
to mTOR inhibitors. The rationale to choose th- 
ese molecules is due to the fact that rampamy-
cin gains function by binding to FKBP12 and 
the resultant FKBP12-RAP complex inhibits the 
mTOR kinase activity, which, in turn, blocks the 
activation of two critical downstream signaling 
elements. By inhibiting the phosphorylation of 
mTOR, the activation of the 40S ribosomal pro-
tein S6 kinase (p70s6k) is blocked, leading to 
reduced translation of 5’-terminal oligopyrimi-
dine (5’TOP) mRNAs that encode for essential 
components of the protein synthesis machin-
ery [18]. The rapamycin mTOR inhibition also 
blocks phosphorylation of the eukaryotic initia-
tion factor 4E binding protein-1 (4EBP1), which 
is also known as PHAS-1 (phosphorylated heat- 
and acid-stable protein 1). In its dephosphory-
lated state, 4EBP1 binds tightly to eIF-4E, th- 
ereby inhibiting the translation of mRNAs with 
regulatory elements in their 5’-untranslated re- 

gions (5’UTR) that encode for critical regulatory 
proteins such as growth factors, oncoproteins, 
and other cell cycle regulators [19].

Evidence of activation of predictive biomarkers 
by molecular testing on FFPE cancerous tissue 
blocks does also depend to different technique 
used. The visualization of active mTOR pathway 
has not been tested and compared on the sa- 
me cohort of patients by using simultaneously 
the most common techniques such as IHC, WB 
and IF analysis. This cause to confusion about 
what is an effective technique for the analysis 
of important mTOR pathway proteins, thus we 
investigated and compared the capability of 
three major techniques in evidencing active 
function of molecules related to mTOR pathway 
on 16 patients’ samples affected by cell clear 
RCC in a metastatic setting. We used IHC, WB 
and IF on several molecules related to mTOR 
pathways such as mTOR, p-mTOR, p70S6k, p- 
p70S6k polyclonal and monoclonal, p-S6Rb 
and p-4EBP1. Importantly, we found that no 
one molecules was simultaneously revealed by 
all three techniques: only p-p70S6k monoclo-
nal was detected by two methods (IHC and IF), 
while the other proteins were detected by only 
one technique: p-mTOR (Ser2448) and p-p 
70S6K (Thr389) proteins were detected to IHC 
method, WB analysis was the sensitive method 
to detect the expression of p70-S6K protein 
(Thr389), p-S6Rb and p-4EBP1 ones (Thr37/46) 
and the IF was sensitive in detecting the expres-
sion of mTOR. 

These techniques are useful in order to deter-
mination and quantification of specific proteins 
directly on a histological preparation or a lysate. 
Each of these techniques takes advantage of 
the high specificity in the formation immune 
complex Antigen-Antibody and its detection by 
use of antibodies marked, with the develop-
ment of a different signal depending on the 
method used. Because generally characterized 
antibodies are added antiglobulin secondarily 
to the test, the primary antibodies, specific 
antibody for the protein in question, can theo-
retically be used in each of the three techniques 
mentioned above, in according with the instruc-
tions for use of the company manufacturer.

Overall, we observed stratification in the magni-
tude of mTOR pathway molecular activation, 
showing a range of expression and visualiza-
tion. A consensus in appropriate methods to be 
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used to test protein expression and recommen-
dations has to be obtained at least for compar-
ing huge amount of data published or to initial-
ize prospective trials with new generation mTOR 
inhibitors. The importance in such a consensus 
regard to the key node of mTOR pathways and 
the inhibitors that are going to be improved in 
the oncological clinical practice. mTOR is ac- 
knowledged as a master switch of cellular 
metabolism, modulating cell growth and prolif-
eration. mTOR is located at the interface of two 
different signals such as growth/survival fac-
tors and nutritional/stress response. Since en- 
ergy-, oxygen- and nutrient-deprivation is com-
mon in malignant tumors; cancer cells insensi-
tive to these stresses may display selective gr- 
owth and survival advantage. In fact, in malig-
nant tumors, mTOR is considered as a crucial 
effector in the regulation of cell survival and 
proliferation, as well as in tumor angiogenesis 
[20].

Li et al. studied paraffin-embedded tumor tis-
sue specimens derived from 18 metastatic 
RCC patients before everolimus treatment, who 
participated the phase 1b trial of everolimus in 
VEGF receptor (VEGFR)-tyrosine kinase inhibi-
tor (TKI)-refractory. Chinese patients with met-
astatic RCC were examined for the expression 
levels of phosphorylated AKT, mTOR, eukaryotic 
initiation factor 4E (eIF4E) binding protein-1 
(4EBP1) and 40S ribosomal protein S6 (S6RP) 
by immunohistochemistry. They concluded that 
the expression levels of p-mTOR and p-S6RP 
may be potential predictive biomarkers for effi-
cacy of everolimus in patients with metastatic 
RCC and propose that combining examinations 
of phosphorylated mTOR, S6RP and/or 4EBP1 
may be a potential strategy to select metastat-
ic RCC patients sensitive to mTOR inhibitor 
treatment [21]. Conversely, Darwish et al. stud-
ied hundreds of clear cell RCC patients and 
showed that cumulative number of altered bio-
markers in mTOR pathway is an independent 
predictor of outcome in patients with clear cell 
RCC [22]. Moreover, Cho et al. studied tissue 
specimens obtained from 20 patients affected 
by advanced clear cell RCC and suggested that 
phospho-S6 and pAkt expression are promising 
predictive biomarkers for response to temsiroli-
mus [23].

The mTOR inhibitors are rapamycin and its ana-
logs such as temsirolimus, everolimus and rida-
forolimus. They are structural derivatives of the 
macrocyclic lactone rapamycin (also known as 

sirolimus) and originally shown to have fungi-
cidal, immunosuppressive and antiproliferative 
properties. Sirolimus was first approved as an 
immunosuppressant for patients with solid 
organ transplants, followed by usage in sirolim-
us-eluting stents for the prevention of coronary 
artery restenosis [24]. Recent phase I and II tri-
als have also shown sirolimus to reduce the 
size of angiomyolipomas in patients with tuber-
ous sclerosis complex and lymphangioleiomyo-
matosis [25, 26]. Notably, temsirolimus, evero-
limus and ridaforolimus inhibit mTOR by binding 
to the cytosolic protein FKBP12. All three ag- 
ents have been evaluated in clinical cancer tri-
als [13, 24]. Temsirolimus has been investigat-
ed as a treatment for advanced cancer, includ-
ing metastatic RCC, locally advanced or meta-
static breast cancer and mantle cell lymphoma 
[27, 28]. Everolimus has been assessed as a 
treatment for patients with advanced cancer, 
including pancreatic neuroendocrine tumors, 
metastatic breast cancer and metastatic RCC 
[13, 29]. To analyze the effect of those inhibi-
tors will be necessary to evaluate the activation 
of the main molecular signaling mTOR pathway, 
in order to identify the possible biomarkers wi- 
th future predictive value of therapeutic res- 
ponse. 

In conclusion, testing mTOR pathway active bio-
markers in clear cell RCC may lead to different 
results based on different techniques used. 
Clinical trials need an agreement for standard 
methods on tissue in order to correlate mTOR 
biomarkers and clinical end-points. The effica-
cy of new generation of mTOR inhibitors will de- 
pend, at least in part, by the methods used. 
Combining tests of multiple biomarkers will 
improve the predictiveness of such markers to 
targeted therapy with mTOR inhibitors. There- 
fore, we propose a rationale approach to strati-
fy patients affected by clear cell RCC for more 
likely response to mTOR inhibitors. 
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