






better (50%) than for the other cases with high mTOR activity
but worse than for patients with low mTOR activity (tables 2
and 3). Based on the expression pattern of mTORC1 and
mTORC2 complex-related Rictor and Raptor proteins,
dominant Rictor expression also seems to have a prognostic
relevance as this group of patients had the worst prognosis
(5-year OS 45.1%).

Kaplan-Meier analysis confirmed the correlation between
worse OS and high mTOR activity accompanied by putative
mTORC2 complex activity (ie, mTOR activity with Rictor dom-
inant expression or balanced Rictor and Raptor expression).
Our data suggest that these factors may potentially play a role in
predicting therapeutic results and patient survival (figure 4).
Cox regression analysis (including prognostic variables such as
age, gender and histological grade) also indicated that high
mTOR activity or high Rictor expression predicted a poor
outcome, such as Dukes’ stage. Cox regression analysis showed
shorter survival increased independently of other variables such
as age and gender. However, this analysis confirmed that high
mTOR activity is an independent prognostic factor for short
survival in patients with colorectal cancer. The results of HR
and adjusted HR are displayed in table 4.

DISCUSSION
Previous studies have shown that about two-thirds of colorectal
carcinomas display high mTOR activity.18 19 Our detailed char-
acterisation of the in situ expression of proteins related to the
mTOR pathway showed high mTOR activity in 74% of the
examined cases, and the evaluation confirmed stage- and
grade-independent activity of mTOR signalling in colorectal car-
cinomas (60–77%). This corresponds well with other results for

Figure 2 Rictor, Raptor, p-S6 and p-mTOR expression patterns in colon carcinomas. Type I: high mTOR activity with dominant Rictor expression,
characteristic of mTORC2 complex activation expression (one representative sample from 39 cases). Type II: high mTOR activity with dominant
Raptor expression, characteristic of mTORC1 complex activation (one representative sample from eight cases). Type III: high mTOR activity with
balanced Raptor and Rictor expression (one representative sample from 29 cases). Type IV: low mTOR activity (one representative sample from 27
cases). (IHC; Zeiss, Axioscope 2 Plus, 400×).

Figure 3 Patterns of mTOR activity in colon carcinoma samples and
5-year overall survival of patients. Overall survival data are given in
percentages relative to the patient groups with different mTOR activity
patterns.
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stage IIIB colon carcinomas.20 p-S6 IHC is one of the most sen-
sitive markers of mTORC1 activity in paraffin-embedded
tissues.17 In our study, 97% of the cases with high p-mTOR
expression showed high p-S6 expression and the remaining two
cases—with low p-S6 expression and high p-mTOR IHC scores
—were characterised by high Rictor expression, suggesting that
mTOR activity could be related to mTORC2.

The detected high mTOR activity was present with dominant
Rictor or balanced Raptor and Rictor expression in 66% of the
studied tumours. Others reported mTORC2 activity in colon
carcinomas based on p-Akt/Akt1–2 IHC.19 21 There are several

phosphorylation sites of Akt protein, which could be phos-
phorylated mTOR independently and mTORC2 phosphorylates
Akt at Ser473 phosphorylation, earlier studies could not distin-
guish phosphorylation sites. Moreover, the instability of p-Akt
proteins and the specificity of the previously used antibodies
make these interpretations somewhat conflicting.22 Our study is
the first to distinguish mTORC1- and mTORC2-related mTOR
activity in colon carcinomas. We determined the activity of mTOR
kinase (p-mTOR) or mTORC1 (p-4EBP1, p-S6) and the expres-
sion of Raptor and Rictor—specific elements of mTORC1 and
mTORC2 complexes—in the malignant cells. Our results show

Table 3 Case distribution of high/low mTOR activity and Rictor/Raptor expression in colon carcinomas according to Dukes’ stage

High mTOR activity (n=76) Low mTOR activity (n=27)

Dukes’ stage Rictor Balanced Rictor/Raptor Raptor Rictor Balanced Rictor/Raptor Raptor

B2 (33 cases) 24 (72.7%) 9 (27.3%)
13 (39.4%) 8 (24.3.6%) 3 (9.1%) 4 (12.1%) 1 (3%) 4 (12.27%)

C1 (5 cases) 3 (60%) 2 (40%)
3 (60%) 0 0 1 (20%) 1 (20%) 0

C2 (56 cases) 43 (76.8%) 13 (23.2%)
21 (37.5%) 17 (30.4%) 5 (8.9%) 6 (10.8%) 3 (5.3%) 4 (7.1%)

D (9 cases) 6 (66.7%) 3 (33.3%)
2 (22.2%) 4 (44.5%) 0 1 (11.1%) 1 (11.1%) 1 (11.1%)

Figure 4 Survival (5-year overall survival) analysis of patients with colon carcinoma according to mTOR activity. (A) Low and high mTOR activity
defines patient groups with good and poor survival, respectively (p<0.01). (B) Different mTORC1- and mTORC2-related protein expression patterns
predict distinct survival probabilities (dominance of Rictor expression/mTORC2 complex, dominance of Raptor expression/mTORC1 complex or
balanced complex expression were distinguished). (C) Patient survival can be refined by combined analysis of mTOR activity and the presence of C1
and C2 complexes where kinase activity can be manifested (low/high mTOR: low/high mTOR activity; Raptor/Rictor: dominance of Raptor/Rictor;
Ri=Ra: balanced expression of Rictor and Raptor). The statistical significance of the relevant compared pairs was added. (D) Pooling together groups
with a similar prognosis (based on combined analysis of mTOR activity and the presence of mTORC1 and mTORC2 complexes as shown in C)
segregates good and bad prognostic categories clearly (p<0.05).
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that only one marker of mTOR activity or only p-Akt IHC is not
sufficient for this distinction.

It was previously reported that mTOR mRNA or protein
overexpression is a negative prognostic marker in colorectal
cancer.21 23 24 The presence of the active form and the activity
related to the two different complexes—not only the expression
—were determined and compared with the prognosis of patients
who received conventional therapy in our study. Our analysis
showed that high mTOR activity and Rictor overexpression
could be markers of a bad prognosis. Combined phosphoprotein
and Rictor/Raptor expression analysis revealed an even stronger
statistical correlation with prognosis. Survival of patients with
low mTOR activity along with dominant Raptor or balanced
Rictor and Raptor expression, or with high mTOR activity
along with dominant Raptor expression, was significantly longer
than for the others (p=0.00178). Based on these results, we
suggest testing for protein expression patterns related to mTOR
activity for guiding prognosis.

Several authors propose that mTOR inhibitors may increase
the effectiveness of treatments and may help overcome therapy
resistance in different tumours.1 25–27 The results of clinical
trials show that mTORC1 inhibitors without combination are
not sufficiently effective and do not make as great a clinical con-
tribution as single agents.28–31 It was shown that mTOR activity
is frequently related to mTORC2 in colon cancers. However,
rapamycin sensitivity of the mTORC2 complex is controver-
sial,32 and Rictor overexpression may predict low or no
response against conventional rapalogs/mTORC1 inhibitors.
Chemical improvements are aimed at promoting inhibitors
with greater anticancer effects than rapalogs,33 but the potential
side effects of novel inhibitors and combinations should also be
considered.34–36 mTOR activity—especially related to the
mTORC2 complex—has also emerged as a driving force behind
intrinsic or acquired resistance to targeted drugs used in clinical
practice such as HER2 or BRAF inhibitors. Several clinical trials
have addressed this issue, and it would be interesting to investi-
gate mTOR activity and Rictor expression in situ in these cases
as well.37 38 Rictor overexpression could also be interesting
because Rictor has also been reported in focal adhesion com-
plexes where it may enhance cellular survival and metastatic
spread of tumour cells in an mTOR-independent manner.39

In summary, C1 and C2 complex-related mTOR activities
were detected in colon carcinomas, which indicates that these
activities can serve as targets for different therapies. The novelty
of our results is that two-thirds of the examined cases also had
mTORC2-related activity. Thus, recently completed clinical
trials with mTOR inhibitors yielding low success rates or failure
may need to be re-evaluated and mTOR activities related to dif-
ferent complexes should be determined before applying mTOR

inhibitors.40–42 Our results suggest that the accurate analysis of
tumour tissues and their heterogeneity as well as the specifica-
tion of mTORC1 and mTORC2 activity should be included in
the study design. The IHC panel presented here could be appro-
priate for these purposes, and we highly recommend using
p-mTOR, p-S6, Rictor and Raptor staining and scoring, which
should be feasible in the routine diagnostic setting. This panel
not only indicates the presence of the complexes to be targeted,
which helps selection from different mTOR inhibitors, but pro-
vides information about prognosis which may guide decisions
about the intensity of treatment. It would also be worthwhile to
develop a new staining method for real quantitative analysis of
mTORC1 and mTORC2 activity in formalin-fixed paraffin-
embedded tissues (by Duolink, for example). Based on these, we
suggest that all of the above have to be taken into account, and
the success of personalised targeted therapy lies in understand-
ing the relevant context and choosing the right target and
therapeutic combination for the right patient.

Take home messages

▸ The majority of colorectal carcinoma cases have mTORC2
complex-related high mTOR activity.

▸ mTOR activity and the related complex distribution are
independent prognostic factors in colorectal carcinomas.

▸ mTOR activity related to different mTOR complexes should
be determined with p-mTOR, p-S6, Rictor and Raptor IHC
staining and scoring before applying mTOR inhibitors in
colorectal carcinomas.
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Table 4 Results of Cox regression analysis

HR (95% CI)
p Value

HRa (95% CI)
p Value

High mTOR expression 2.952 (1.329 to 6.558) 0.008 2.577 (1.145 to 5.803) 0.022
High Rictor expression 2.621 (0.994 to 7.274) 0.064 2.597 (0.923 to 7.311) 0.071
Dukes’ stage 2.132 (1.118 to 4.069) 0.022 2.153 (1.125 to 4.118) 0.021
Age 0.996 (0.965 to 1.028) 0.796 1.007 (0.974 to 1.041) 0.701
Gender 1.517 (0.872 to 2.641) 0.14 1.446 (0.823 to 2.541) 0.2

Dukes’ stage was defined as B1 and C1-C2-D. High Rictor expression was defined when Rictor ≥Raptor.
HRa, adjusted HR (adjustment for all other factors included in the table).
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