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INTRODUCTION

Despite continuous medical 
advancements, colorectal cancer 
(CRC) remains one of the leading 
causes of cancer death worldwide 
[1]. Colorectal adenomas are 
widely accepted as precursor 
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ABSTRACT

Background & Aims: Colorectal adenomas are precursor lesions for colorectal cancer (CRC), a major cause 
of cancer-related death. Despite all molecular insights, there are still unknown variables in the development 
of CRC as well as uncertainties regarding adenoma recurrence after resection. We aimed to characterize 
the expression of docking protein 1 (DOK1) and myotubularin-related protein 7 (MTMR7), which share 
inhibiting functions on EGFR-RAS-signalling, a major oncogenic driver in CRC, and their association with 
clinical variables and adenoma recurrence.
Methods: This observational study is based on clinical data obtained from patients who underwent routine 
endoscopy and consecutive follow-up examinations. Immunohistochemistry was conducted both in dysplastic 
tissue and adjacent non-dysplastic mucosa followed by microscopical assessment. Recurrence was differentiated 
between local, segmental and distant relapse.
Results: A total of 56 patients (23 females) gathering 96 adenomas/polyps were included. 36 patients 
experienced a metachronous lesion, 23 patients had simultaneous lesions in their index endoscopy. Female 
patients showed lower levels of MTMR7 in adenomas (p=0.0318). Adenomas of young patients showed lower 
DOK1 than those of older patients (p=0.0469). Big adenomas showed a higher expression of DOK1 than 
small lesions (p=0.0044). In serrated lesions, DOK1 was reduced (p=0.0026) and correlated with the quantity 
of lesions (p < 0.001). MTMR7 was significantly reduced in distant (p=0.05) and local segmental recurrence 
(p=0.0362), while DOK1 showed higher expression in recurrence (p=0.0291).
Conclusions: We found ambivalent results regarding the role of the markers as potential tumor suppressors, 
implying a context-dependent function of these molecules which might change in the course of time. DOK1 
may play an inhibiting role in the serrated pathway. Remarkably, molecular markers have the potential to 
predict recurrence, since a combined expression analysis of high DOK1 and low MTMR7 correlated with the 
likelihood of segmental adenoma recurrence. 

Key words: colorectal adenoma – adenoma recurrence – DOK1 – MTMR7 – serrated adenoma.

Abbreviations: AKT: thymoma viral proto-oncogene; APC: adenomatous polyposis coli; AUC: area under 
curve; BRAF: v-raf murine sarcoma viral oncogene homolog B1; CDX2: caudal-related homeobox 2; CI: 
confidence interval; CRC: colorectal cancer; CIMP: CpG island methylator phenotype; DOK1: docking protein 
1; EGFR: epidermal growth factor receptor; ERK: extracellular signal-regulated kinase; GAP: GTPase-activating 
protein; KRAS: Kirsten rat sarcoma virus; MTMR7: myotubularin-related protein 7; NAT: normal mucosa 
adjacent to tumor; PIP3: phosphatidylinositol 3-phosphate; RAS: rat sarcoma virus; SD: standard error; SL: 
serrated lesions; TA: traditional adenomas. 

lesions of CRC, and the adenoma-carcinoma sequence involves 
a series of mutational events. Alongside molecular risk factors 
of adenoma development such as adenomatous polyposis coli 
(APC) and Kirsten rat sarcoma virus (KRAS) gene mutations, 
recent research characterized additional clinical risk factors 
such as age, smoking and other behavioural factors [2].

Colorectal adenomas can be categorized into two main 
groups: the traditional adenomas (TA) (comprising tubular, 



Expression of the EGFR-RAS inhibitory proteins DOK1 and MTMR7� 447

J Gastrointestin Liver Dis, December 2021 Vol. 30 No 4: 446-455

tubulovillous and villous adenomas) and the serrated lesions 
(SL) (comprising hyperplastic polyps, sessile serrated adenoma/
polyps and traditional serrated adenomas). The different 
histological subtypes arise from different molecular patterns 
and mutations. Traditional adenomas and SL have similar 
mutation frequencies but different driver mutations and 
epigenetic characteristics. While TA are mostly characterized 
by APC mutations [3], key features of the serrated pathway 
are v-raf murine sarcoma viral oncogene homolog B1 (BRAF) 
mutations and CpG island methylator phenotype (CIMP) [3, 4].

Screening endoscopy as secondary prevention has proved 
to increase survival and reduce CRC-related mortality [5, 
6], but acceptance remains rather poor. In addition, the 
recommendations for the follow-up examinations vary in the 
different guidelines and are more based on the expert opinions 
than on the medical evidence.

Common risk factors for the recurrence of polyps and 
adenomas are polyp size, resection technique and incomplete 
resection [7, 8]. In recent years, there also were some papers 
on the molecular characterisation of adenoma recurrence. For 
instance, a gain of caudal-related homeobox 2 (CDX2) was 
identified as a predictor of recurrence [9]. But still, little is 
known about molecular risk factors of recurrence. Thus, a better 
assessment of the need of follow-up endoscopies could reduce 
the load of examinations and improve acceptance in patients.

The tumor suppressors docking protein 1 (DOK1) and 
myotubularin-related protein 7 (MTMR7) were previously 
characterized as interfering with downstream EGFR-RAS-
signalling (EGFR: epidermal growth factor receptor; RAS: 
rat sarcoma virus;) in the context of CRC. Primarily, DOK1 
was well investigated in the haematological disorders such as 
Burkitt’s lymphoma [10] and in the solid tumors such as lung 
cancer [11]. Its molecular function as versatile docking protein 
enables DOK1 to inhibit ERK1/2 signalling downstream 
the EGFR signal cascade by binding the p120 RAS GTPase-
activating protein (GAP) [12, 13]. Recent research also revealed 
growth-inhibiting features next to prognostic value in CRC 
[14]. By its function as a phosphatidylinositol 3-phosphate 
(PIP3)-phosphatase, MTMR7 can inhibit insulin-mediated 
AKT-ERK1/2 (AKT: thymoma viral proto-oncogene; ERK: 
extracellular signal-regulated kinase) signalling-dependent 
growth in CRC cell lines. In addition, its abundance is inversely 
correlated with the tumor stage in CRC [15]. 

Since the molecular risk factors could help to further 
stratify the risk of the adenoma recurrence, we asked whether 
the loss of these tumor suppressors would affect the risk of 
relapse. In addition, there is little knowledge when loss of these 
molecules during progression of precursor lesions occurs. 

Therefore, the aim of this study was to find out when 
these potential tumor suppressors are down-regulated in the 
adenoma-carcinoma sequence, if a loss of these markers is a risk 
factor for recurrence of colorectal adenomas and if there are 
differences in their expression between subtypes of adenomas.

METHODS

Data Collection
Patients who underwent resection of the colorectal 

adenomas at the Central Interdisciplinary Endoscopy Unit of 

Mannheim University Hospital between 2004 and 2011 with 
consecutive follow-up endoscopies and provided an informed 
consent were included (approved by Local Ethics Committee, 
Medizinische Ethikkomission II, Heidelberg University, 
identifier: 2016-541N-MA). Localization of the adenoma 
was subdivided according to the anatomical structures into 
rectum, sigma, colon descendens, splenic flexure, colon 
transversum, right colon flexure, colon ascendens and coecum. 
Dysplasia of adenomas was determined according to the 
Vienna classification. Clinical data of patients including the 
polyp characteristics such as size, location, histopathological 
classification, recurrence or metachronous colorectal 
adenocarcinoma were retrieved from the electronic database of 
the Central Interdisciplinary Endoscopy Unit of the Mannheim 
University Hospital.

The procedure of polypectomy depended on the size 
and localisation. Snare polypectomy, endoscopic mucosal 
resection and endoscopic submucosal dissection comprised 
the techniques applied. Follow-up endoscopies were 
conducted either at the University Hospital Mannheim or with 
collaborating gastroenterologists; time to follow-up depended 
on the histological subtype and recommendations given by the 
current clinical guidelines [16].

Since the patients’ endoscopically obtained tissue 
comprised dysplastic and adjacent non-dysplastic, but no 
distant normal colon tissue, we additionally conducted 
immunohistochemistry of normal colon tissue arrays.

Tissue Processing, Immunohistochemistry and 
Microscopical Scoring

After resection, the samples were processed to 
formalin-fixed, paraffin-embedded tissue and subsequent 
haematoxylin & eosin staining according to standard 
operating procedures of the Institute of Pathology of the 
University Hospital Mannheim. Thereafter, tissue sections 
were examined and classified by experienced pathologists. For 
immunohistochemistry analysis, we used a two-step protocol 
with rabbit anti-human primary antibodies and a biotinylated 
horse-radish peroxidase-labelled goat anti-rabbit secondary 
antibody. Formalin-fixed, paraffin-embedded tissue was 
dissected on a microtome into 3µm sections. Heat-mediated 
antigen retrieval with low pH, citric acid – based unmasking 
solution (Vector Laboratories, Burlingame, California) was 
performed for 15 (MTMR7) or 20 minutes (DOK1) following 
a peroxidase block with 3% hydrogen peroxide solution 
(Merck, Darmstadt, Germany) for 20 minutes to quench 
endogenous tissue peroxidase. Prior to incubation with 
primary antibodies, a blocking step using a solution of 5% 
goat serum dissolved in 1% bovine serum albumin (BSA)/
phosphate-buffers saline (PBS, Merck) was conducted for 
1 hour. Anti-human DOK1 antibody (Abcam, Cambridge, 
United Kingdom) was diluted 1:100 in 5% goat/1% BSA 
staining buffer. Anti-human MTMR7 (MyBiosource, San 
Diego, California) was diluted 1:200 in the same staining 
buffer. After incubation overnight at 4°C, the avidin/biotin-
based ABC detection kit (Vector Laboratories) containing a 
horse-radish-labelled secondary antibody and 3,3’-diamino 
benzidine (DAB) brown colour substrate was used for 
antigen detection following the manufacturer’s protocol (see 
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supplementary table 1 for additional information). The same 
staining methods were applied to tissue microarrays of normal 
colon tissue (CO727, US Biomax, Rockville, Maryland).

Stained tissue underwent digital bright-field microscopy 
(Leica Application Suite, Leica, Wetzlar, Germany). To quantify 
marker expression in dysplastic and adjacent non-dysplastic 
tissue, we applied an adjusted immunohistochemical score (H 
score) as previously described [17]. In brief, the percentage of 
stained cells (0=<25%, 1=25-50%, 2=50-75%, 3=75-100%) and 
staining intensity (0=no staining, 1=weak staining, 2=moderate 
staining, 3=strong staining) were multiplied to calculate H 
scores, resulting in a range from 0 to 9 (Fig. 1).

Classification and Statistics
We compared expression in different histopathological 

subtypes (TA & SL). Recurrence of lesions was subdivided 
into local recurrence (meaning recurrence exactly in the 
area of the prior lesion) recurrence within the same colonic 
segment or metachronous lesions in distant segments. Since 
the incomplete resection is an independent risk factor of 
recurrence, we only included adenomas with a known status 
of complete resection.

H scores result in ordinal scale date, so we conducted Mann 
– Whitney U test for univariant comparison with GraphPad 
Prism (GraphPad Software, San Diego, California). To calculate 
multivariate statistics, odds ratios and logistic regression we 
used SAS software (SAS Institute, Cary, North Carolina). For 
prediction of relapse with logistic regression, we used a stepwise 
selection model of combined expression results. Fisher’s exact 
test was conducted for contingency of expression and clinical 
variables (GraphPad Prism). To gain more detailed insights 
of expression effects, we chose two different approaches to 
analyse the adenoma expression data. In an adenoma-related 
analysis, we examined expression of DOK1/MTMR7 and its 
relation to clinical factors in a single polyp-specific manner. 
For a case-related analysis, we combined the scores of the 
simultaneously removed adenomas of every individual patient. 
This allowed us to draw organ-wide conclusions in contrast 
to adenoma-related analysis. Significance level was set to 0.05 
(5%), confidence interval was set to 95%. 

RESULTS 

A total of 56 patients (23 females, 33 males) gathering 96 
polyps were included in this study. Mean age at polypectomy 
was 62.5 years [median 62 years, standard deviation (SD) 10.79 
years). Of those patients, 36 had one or more simultaneous 
lesions, 20 had none. In total, 20 patients developed a 
metachronous polyp/adenoma, 36 patients did not. The 
group of SL comprised of 42, the TA group of 48, a number 
of 6 adenomas were either a mixture of histopathological 
subtypes or could not be classified. No patient was diagnosed 
with CRC on the follow-up examinations. Localization for 
90 polyps was specified, and distribution between the left 
and the right colon was equally balanced (43 polyps in the 
right colon, 47 in the left colon). The majority of patients 
had simultaneous lesions (35 patients with > 1 polyp, up to 7 
simultaneous lesions, median 1, SD 1.67). Clinical variables 
are summarized in Table I.

Correlation of Patients’ Characteristics with Expression 
of DOK1 and MTMR7 

The expression of MTMR7 and DOK1 revealed differences 
regarding the age of patients. Divided into a group of old 
(>62 years) and young (<62 years) patients by the median 
age at polypectomy, MTMR7 showed a tendency for a lower 
expression in non-dysplastic tissue of older patients (old vs. 
young subgroups; median H score: 1.00, SD: 1.71; 2.00, SD: 
2.35; p=0.0544). DOK1 showed a lower expression in dysplastic 
tissue of young patients (old vs. young subgroups; median H 
score: 3.65, SD: 1.64; 2.29, SD: 2.23, p=0.0469) (Fig. 2 and Table 
II). Dependency of age and expression of DOK1 was confirmed 
in a chi-squared test (p=0.049).

The analysis of dysplastic tissue of 55 polyps from male 
patients and 41 from female patients showed a higher 
expression of MTMR7 in the male patients (male vs. female 
subgroups; median H score: 1.75, SD: 1.20; 1.20, SD: 1.18; 
p=0.0318). A chi-squared test confirmed interrelationship 
of gender and MTMR7 expression (p=0.0258) (Fig. 3). 
DOK1 showed no gender-depending differences in protein 
expression.

Fig. 1. Exemplary images for the applied staining intensities in epithelial cells and appropriate negative controlls (control) for 
all examined markers, 200x magnification bright field microscopy. Tissues harbour intrinsic positive controls (lamina propria 
cells) as can be observed in “no staining” exemplary pictures in comparison to “control” pictures.
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Expression of DOK1 & MTMR7 and Correlation to 
Dysplasia, Adenoma Size and Simultaneous Lesions

The evaluation of expression profiles revealed a lower 
protein expression of DOK1 in dysplastic tissue than in adjacent 
non-dysplastic tissue (dysplastic vs. non-dysplastic groups; 
median H score: 3.40, SD: 2.07; 4.00, SD: 2.30, p=0.0087). For 
MTMR7, no difference was found between dysplastic and 
adjacent non-dysplastic tissue (Fig. 2, Supplementary file). In 
addition, the staining of normal colon tissue arrays revealed the 

Table II. Survey of protein expression of DOK1 & MTMR7 in adenoma/polyps (dysplasia) and adjacent non-dysplastic tissue and association 
with clinical variables

Characteristic Marker

DOK1 MTMR7

Dysplasia p Non-
dysplasia

p Dysplasia p Non-dysplasia p 

Age < 62 years (n=27) 2.29±2.23 0.0469* 3.17±2.44 0.5557 1.20±1.97 0.6671 2.00±2.35 0.0544

> 62 years (n=29) 3.65±1.64 4.00±2.24 1.63±1.45 1.00±1.71

Gender Male (n=33) 3.17±1.74 0.3795 4.00±2.24 0.6781 1.75±1.90 0.0318* 1.17±2.20 0.4483

Female (n=23) 3.80±2.31 3.00±2.49 1.20±1.18 1.00±1.85 

Size > 20mm (n=32) 4.02±1.52 0.0044** 4.25±2.22 0.2355 1.70±1.46 0.4165 1.00±1.27 0.1516

< 20mm (n=58) 2.33±2.11 3.67±2.41 1.23±1.80 1.25 ±2.31

Histology TA (n=48) 3.67±1.98 0.0026* 4.00±2.13 0.3852 1.33±1.42 0.9967 1.00 ±1.14 0.0837

SL (n=42) 1.98±2.26 3.33±2.54 1.40±2.04 1.00 ±2.55

Localisation Left (n=47) 3.00±2.17 0.6255 3.00±2.28 0.0091 * 1.23±1.86 0.1442 1.00±2.30 0.0104*

Right (n=43) 3.40±1.82 4.50±2.22 1.68±1.56 2.00 ±1.81

Results are displayed as mean H scores ± standard deviation. Age of patients was categorized by the median age of 62 years. A diameter of  
20 mm was applied to categorize adenomas into small (< 20mm) or big lesions (> 20mm). TA: Traditional adenoma; SL: Serrated lesion.  
*: p<0.05, **: p<0.01.

expression of both DOK1 and MTMR7 in the colon mucosa of 
the healthy controls as well as in the tumor adjacent mucosa 
(Supplementary file). Neither DOK1 nor MTMR7 showed 
any difference in protein expression between high-grade or 
low-grade neoplasia. 

Size in terms of diameter was known of 90 polyps. The 
binary classification into big or small varies in international 
classification. While the German guideline on colorectal cancer 
and adenomas [16] applies a 10 mm cut-off for big vs. small, 
other publications use a 20 mm cut-off [2]. We applied the 20 
mm cut-off margin and found a higher expression of DOK1 in 
dysplastic tissue in big adenomas compared to small adenomas 
(dysplastic tissue, big adenomas vs. small adenomas, mean H 
score DOK1: 4.02, SD: 1.52; 2.33, SD: 2.11; p=0.0044 (Fig. 2, 
Table II).

A separate analysis of TA and SL revealed a lower 
expression of DOK1 and MTMR7 in the patients with multiple 
simultaneous serrated lesions (n=35) compared to patients with 
a single lesion (n=58) (Fig 3). 

DOK1 showed a lower expression in both dysplastic (single 
lesion vs. multiple lesions; median H score: 3.82, SD: 1.85; 
1.92, SD: 1.76; p<0.0001) and adjacent non-dysplastic tissue 
(single lesion vs. multiple lesions; median H score: 4.05, SD: 
2.22, 2.33, SD: 2.31; p=0.0099) in patients with > 1 serrated 
lesion. Expression of MTMR7 was also significantly lower in 
dysplastic tissue of patients with simultaneous hyperplastic 
lesions (single lesion vs. multiple lesions median H score: 1.80, 
SD: 1.54; 0.92, SD: 1.95; p=0.0207), but not in surrounding 
non-dysplastic tissue. No difference of expression was observed 
in non-dysplastic tissue (Figs. 2 and 5).

DOK1 Expression in Serrated Lesions
A comparison between TA and SL showed a lower DOK1 

expression in dysplastic tissue of SL (TA vs. SL; median H 
score TA: 3.67, SD: 1.98; 1.98, SD: 2.26; p=0.0026) (Fig. 3). 
For MTMR7, no differences were detected (Fig. 3). Logistic 
regression analysis revealed an increased likelihood of 

Table I. Overview of clinical characteristics

Characteristic

Number of patients 56

Number of polyps/adenomas 96

Median age at endoscopy (years) 62 (SD 10.79)

Sex distribution

Female 23

Simultaneous lesions
Yes 
No 

36
29

Relapse
Yes 
No 

20
36

Localization
Left
Right
Undetermined

47
43
6

Histology
Traditional adenomas
Serrated lesions 
Undetermined/mixture 

48
42
6

Grade of neoplasia
Low-grade
High-grade
Undetermined 

56
32
8

SD: standard deviation. Histology, grading of neoplasia or localization were 
partly undetermined. These cases were ruled out for particular statistics.
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serrated histology in the case of high DOK1 expression in 
the dysplastic and adjacent non-dysplastic tissue on a high 
confidence level [area under curve (AUC): 0.77; odds ratio 
(OR) for dysplastic tissue: 0.43, 95% confidence interval (CI): 
0.26-0.68, p=0.0004; OR for non-dysplastic tissue: 1.63, 95%CI: 
1.11-2.41, p=0.0129) (Fig. 4). In addition, a Fisher’s exact test 
confirmed the dependency of serrated histology on DOK1 
expression (p=0.05).

DOK1 and MTMR7 Expression in Segmental Recurrence
A relapse of the adenoma in the same colon segment 

experienced 19 of 56 patients. Those had a higher level of 
DOK1 in dysplastic (relapse vs. no-relapse; median H score: 
4.62, SD: 1.80; mean H score: 3.00, SD: 1.72, p=0.0481) and 
adjacent non-dysplastic tissue (relapse vs. no-relapse: median 
H score: 5.00, SD: 2.22, 3.00, SD: 2.13; p = 0.0291). Difference 

in expression was even higher in non-dysplastic tissue in older 
patients as separated by mean age (segmental relapse vs. no 
segmental relapse; median H score: 5.50, SD: 1.99; 3.00, SD: 
1.99, p=0.0054) (Fig. 5). 

In contrast, MTMR7 showed a lower expression in the 
adjacent mucosa of patients with relapse in an adenoma-related 
analysis (relapse vs. no relapse; median H score: 1.00, SD 1.12; 
1.83, SD: 2.40, p=0.0362) and a tendency to lower expression in 
dysplastic tissue (relapse vs. no relapse; median H score: 1.20, 
SD: 1.55; 1.88, SD: 1.80, p=0.0597) (Fig. 5). In dysplastic tissue, 
expression of MTMR7 decreased the probability of relapse 
in the same colon segment in an adenoma-related analysis 
(MTMR AUC in ROC analysis: 0.76; OR: 7 0.43, 95%CI: 0.22-
0.84, p=0.0129) (Table III).

MTMR7 Expression in Distant Recurrence
Within this cohort, 21 out of 56 patients experienced 

relapse in distant colon segments, and the case-related analysis 
revealed a lower level of MTMR7 expression in adjacent non-
dysplastic tissue in relapse (distant relapse vs. no relapse; 
median H score: 0.90, SD: 1.90; 1.88, SD: 2.20; p=0.0500). A 
tendency to lower expression in dysplastic tissue of patients 
with recurrence was seen as well (distant recurrence vs. 
no recurrence; median H score: 1.03, SD 1.41; 1.92, SD: 
1.82, p=0.0615). Lower MTMR7 expression in the tissue of 
patients with recurrence was also observed in the adenoma-
related analysis for adjacent non-dysplastic (distant relapse 
vs. no relapse; median H score: 0.86, SD: 1.92; 1.67, SD: 2.10, 
p=0.0144) and by trend in dysplastic tissue (distant relapse 
vs. no relapse; median H score: 1.20, SD: 1.59; 1.75, SD: 1.76, 
p=0.0704), (Fig. 5). Chi-squared test showed a dependency of 
distant relapse and low MTMR7 expression in adjacent non-
dysplastic tissue (p=0.0144) (Table III). 

Predictive Value of DOK1 and MTMR7 Combination 
for Segmental Recurrence

Finally, we tested whether the combination of markers 
reveals a better predictive value for the likelihood of adenoma 
recurrence. Therefore, we performed logistic regression 
analysis for different marker combinations.

A stepwise selection model of logistic regression yielded 
a two-marker combination of DOK1 and MTMR7 both in 
adjacent non-dysplastic tissue in case-related analysis as 

Fig. 2. Results for expression of DOK1 and MTMR7 in dysplastic tissue 
(dys) and adjacent non-dysplastic tissue (non-dys). Significance level 
0.05, *: p < 0.05, **: p < 0.01. Results are displayed as median H score 
(Immunohistochemical staining score) ± SD. Categorized by the median 
age, adenomas of young patients (< 62y, n=27) had lower DOK1 expression 
than old patients (>62y, n=29) (a), a similar trend was seen for MTMR7 (b). 
Male patients (n=33) showed higher expression of MTMR7 in dysplastic 
tissue than female patients (n=23) (d), no sex-related difference for DOK1 
was observed (c). While no difference for MTMR7 between dysplastic 
tissue and adjacent non-dysplastic tissue was observed (f), DOK1 (e) 
showed significantly lower expression in adenomas/polyps. In a binary 
classification of big (n=32)  and small (n=58) adenomas (diameter more 
or less than 20mm), DOK1 (g) showed higher expression in big adenomas 
than in small adenomas. MTMR7 showed no difference regarding size (h).

Fig. 3. Expression of DOK1/MTMR7 and simultaneous serrated 
lesions (SL). DOK1 was profoundly reduced both in dysplastic 
(dys) and adjacent non-dysplastic (non-dys) tissue in patients with 
more than 1 SL, ***: p < 0.001, **: p < 0.01 (a). MTMR7 was also 
reduced in dysplastic tissue (dys), but not in non-dysplastic tissue 
(non-dys), *: p < 0.05 (b). Results are displayed as mean H score 
(immunohistochemical staining score) ± SD.
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significant factors for adenoma recurrence in the same colon 
segment. Interestingly, expression of DOK1 increased, while 
MTMR7 decreased the probability of metachronous adenomas 
(AUC in ROC analysis: 0.78; DOK1 OR=1.62, 95%CI: 1.1-1.39, 
p=0.0155; MTMR7 OR=0.57, 95%CI: 0.37-1.00, p=0.050) (Fig. 
5, Table IV).

DISCUSSION

We analysed the expression of DOK1 and MTMR7 
in colorectal adenomas to find associations with clinical 
characteristics and histopathological subtypes. One major 
aim was to decipher the molecular patterns of recurrence. 
Hence, we performed immunohistochemical staining, digitally 
augmented microscopy for 96 colorectal polyps/adenomas as 
well as for adjacent mucosa and correlated the results with 
the clinical data. 

In the last decades, there has been a rising incidence of 
early-onset CRC, which is defined by age at diagnosis < 50 
years. Supposed risk factors are similar to late-onset CRC: 
lifestyle, western diet, alcohol and tobacco consumption 
[18]. On molecular levels, a multiomics approach linked 
inflammatory-driven oxidative stress to early-onset CRC 
[19]. We found a significantly lower expression of DOK1 
in adenomas of younger patients. Besides its influence on 
growth receptor signalling, DOK1 also regulates immunity 
pathways [20]. Accordingly, a knockout of Dok1 and Dok2 in 

a mouse model caused severe colitis [21], which might point 
to a possibly augmented inflammatory-driven accelerated 
development of colorectal lesions in patients with an early loss 
of DOK1. Most professional societies recommend screening 
endoscopy for patients > 50 years, but if patients are examined 
at a younger age, a look at molecular expression patterns in 
normal mucosa and adenomas could help to stratify patient’s 
risk and future tailored prevention. 

Our cohort was undersized for the analysis of male/female 
relapse or gender-separated differences in histopathological 
subgroups, but we found a lower MTMR7 expression in female 
patients. Male gender was associated with earlier development 
and progression of colorectal adenomas [22, 23]. So far, little 
is known about gender-dependent differences in expression or 
function of oncogenes or tumor suppressors in gastrointestinal 
cancers. At least, a preclinical model of intestinal tumorigenesis 
of APC-driven polyposis showed a reduced susceptibility for 
radiation-induced intestinal lesions in female mice [24]. Since 
epidemiological data repeatedly showed gender differences 
in progression of adenoma, it would be of interest to have a 
larger scale analysis of the oncogenes/tumor suppressors and 
gender-dependency in the adenoma-carcinoma progression, 
which could improve tailored prevention strategies.

Taken together, we found conflicting results for DOK1 
and its supposed role as tumor suppressor. DOK1 showed 
promoting and suppressive features. In an overall analysis, 
DOK1 had lower expression levels in dysplastic tissue as 

Fig. 4. DOK1 and serrated histology. Serrated lesions (SL, hyperplastic polyps and serrated 
adenoma, n=42) showed lower levels of DOK1 than traditional adenoma (tubular, villous, 
tubulo-villous, n=48). No difference was observed in adjacent non-dysplastic tissue (a), **: 
p<0.01. Odds ratio showed bigger likelihood of serrated histology upon high expression 
in adjacent non-dysplastic tissue (odds ratio non-dysplastic 1.63, CI 1.11-2.41, p=0.0129) 
with a good predictive value (ROC AUC 0.7731) (b). Results are displayed as mean H score 
(Immunohistochemical staining score) ± SD.

Table III. Survey of protein expression analysis of DOK1 & MTMR7 in local, segmental and distant recurrence

Marker Recurrence

Local Segmental Distant

Yes n=9 No n=47 p Yes n=19 No n=37 p Yes n=21 No n=35 p

DOK1 Dysplasia 4.40±1.24 3.33±2.07 0.1784 4.62±1.80 3.00±1.72 0.0481 * 3.83±1.86 3.40±1.72 0.4475

Non-dysplasia 4.50±1.63 4.00±2.40 0.5231 5.00±2.22 3.00±2.13 0.0291 * 4.00±1.99 3.83±2.30 0.6956

MTMR7 Dysplasia 1.30±1.95 1.60±1.79 0.9313 1.20±1.55 1.88±1.80 0.0597# 1.03±1.41 1.92±1.82 0.0615

Non-dysplasia 1.25±2.21 1.00±2.20 0.9552 1.00±1.12 1.83±2.40 0.0362# * 0.90±1.90 1.88±2.20 0.0500 *

Each marker was determined in dysplastic tissue of adenomas/polyps and adjacent non-dysplastic tissue. Results are displayed as mean H 
scores ± standard deviation. Analysis was case-related if not labelled otherwise (#: adenoma-related analysis). P values were calculated using 
Mann-Whitney U test. *: p < 0.05.
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Fig. 5. Characteristics of DOK1/MTMR7 expression and recurrence. Patients with distant (a) 
and segmental recurrence (b) showed lower expression of MTMR7 in adjacent non-dysplastic 
tissue (non-dys) than patients without recurrence, *: p < 0.05 (a). No difference was oberserved 
in dysplastic tissue (dys). DOK1 was higher expressed both in dysplastic (dys) and adjacent 
non-dysplastic (non-dys) tissue (c). Difference in expression was even more significant in old 
patients (as subdivided by median age of 62y), ** : p < 0.01 (d). In a-d, results are displayed as 
mean H score (Immunohistochemical staining score) ± SD. The combined expression profile of 
DOK1 and MTMR7 in adjacent non-dysplastic tissue showed a predictive value for segmental 
recurrence (e). ROC: receiver operater characteristics, AUC: area under the curve. In dysplastic 
tissue, a lower expression of MTMR7 increased was predictive for segmental recurrence (f).

compared with adjacent non-dysplastic tissue. DOK1 was 
higher expressed in big lesions, suggesting a role in tumor 
growth, but lower expressed in younger patients, suggesting 
an earlier onset when lost. Segmental recurrence was more 
likely with a higher expression of DOK1, again implicating 
a tumor promoting role. So far, there were only tumor-
suppressive functions reported for DOK1 in CRC [14]. The 
heterogenous data presented here could be explained by 
time- and context-dependent changes in functions of DOK1, 
but determinants remain elusive. Context-dependency is a 
frequently observed phenomenon of cancer-related genes 
which include signalling networks and genetic interactions 
[25, 26]. Some of these context-dependencies could even be 
part of a selection process in tumorigenesis [27]. 

Our observations for MTMR7 seem to be more coherent 
to previous findings. It reduced the likelihood of segmental 
recurrence, and the distant recurrence was significantly 

associated with lower MTMR7, a lipid phosphatase that can 
activate peroxisome proliferator-activated receptor gamma 
(PPARγ) and inhibit proliferation in CRC models [15, 28]. The 
observation of lower MTMR7 in “normal” mucosa of patients 
with recurrence suggests that a loss of MTMR7 may be an early 
event in carcinogenesis. 

Most of our patients did not have a history of inflammatory 
bowel disease, but there is growing evidence of inflammatory 
contribution to colorectal neoplasia in non-IBD patients [29].

Context-dependency of the immune system was observed 
in the case of DOK1 with pro- and anti-inflammatory features. 
While a recent study reported pro-inflammatory functions of 
DOK1 on macrophages in gastric cancer [30], others showed 
that DOK1 can negatively regulate immune receptor signalling 
in cancer [20]. These immune-related questions on the exact 
role of DOK1 in immune-related adenoma progression/
recurrence cannot be further addressed with our data since we 
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Table IV. Logistic regression using a stepwise selection model for segmental recurrence

Stepwise selection model of logistic regression for segmental recurrence

Case-related analysis of DOK1 & MTMR7

Tissue type Odds ratio 95%CI Coefficient SE p value ROC AUC

DOK1 Non-dysplastic 1.62 1.1–1.39 0.482 0.199 0.0155 * 0.78

MTMR7 Non-dysplastic 0.57 0.95–1.98 -0.561 0.286

Adenoma-related analysis of MTMR7

Tissue type Odds ratio 95% CI Coefficient SE p value ROC AUC

MTMR7 Dysplastic 0.43 0.22 – 0.84 -0.846 0.340 0.0129 * 0.76

Confidence level 95%. CI: confidence interval, SE: standard error, ROC: receiver operator characteristics, AUC: area 
under the curve. * = p < 0.05.

lack information on the inflammatory status of our samples, but 
it would be of interest to correlate DOK1 expression in different 
stages of adenoma to the inflammatory features.

Another question to address: When do these tumor 
suppressors get lost in the adenoma-carcinoma sequence or 
in serrated pathway respectively? Is the different time point 
and state of progression the discriminator between high and 
low expression or pro- or anti-tumor effects? Answers could 
be found in longer lasting, slower growing tumor models or 
more frequent in-adenoma biopsies under close surveillance.

BRAF mutations are the main drivers of serrated histology, 
while KRAS mutations seem to be less important in this pathway 
[4]. DOK1 has shown its ability to inhibit the EGFR-RAS-ERK1/2 
signalling cascade by different mechanisms, partly depending 
on its subcellular localization [14, 31]. Little is known about the 
influence of DOK1 on BRAF, but since BRAF is downstream of 
RAS, interactions on BRAF are conceivable. Our observation of 
lower DOK1 in SL than in TA, contingency of serrated histology 
and DOK1 expression, reduction of DOK1 in simultaneous SL 
and a high predictive value of expression of DOK1 for serrated 
histology supports the assumption of a causal interrelation.

An interesting finding is the promising predictive value 
for adenoma recurrence by the combination of two molecular 
markers. Surprisingly, DOK1 and MTMR7 showed an opposite 
pattern, but increased DOK1 and decreased MTMR7 in 
adjacent “normal” mucosa could robustly predict segmental 
relapse. 

Histologically non-dysplastic mucosa, adjacent to 
adenomas or not, may already harbour genetic alterations 
which are not sufficient to influence morphology but likely 
influence transformation to adenomas [32]. This observation 
led to the concept of field cancerization, which is a controversy 
in science [33, 34]. However, the results of our study with 
lower levels of DOK1 in adjacent “normal” mucosa fits this 
concept, as our findings of a higher expression of DOK1 in 
non-dysplastic adjacent tissue of patients with segmental 
recurrence. In addition, we observed a lower expression of 
MTMR7 in non-dysplastic adjacent mucosa from patients who 
experienced a relapse in distant colon segments. Unfortunately, 
we did not have age-matched normal colon controls. The 
supplementary normal colon tissue arrays showed expression 
of both DOK1 and MTMR7 in normal mucosa and in normal 
mucosa adjacent to tumor (NAT). NAT sample size was too 
small to perform statistics and the age of NAT patients was 
higher than donors of normal tissue, but at least for MTMR7 
there might be a tendency to decreased expression from normal 

tissue to NAT to tumor tissue, an observation which should be 
validated in larger age- and case-matched cohorts. 

Thus, expression of cancer-related genes in adjacent 
tissue maybe more crucial for metachronous lesions than in 
dysplastic tissue.

A recent study on surveillance colonoscopy revealed a 
high frequency of either too early follow-up examination or 
not conducted follow-up endoscopies [35], and overuse was 
common by diverse reasons [36, 37]. Conducting follow-up 
colonoscopies after an appropriate interval could be achieved 
by including more patient’s characteristics such as age, gender 
and molecular patterns. Larger studies are required for 
identification of such patterns, but in the end, a personalized 
follow-up interval could improve recommendations, save 
resources and sustain a patient’s acceptance.

CONCLUSIONS

This work is an observational study with limited causal 
implications. Nevertheless, we demonstrate another example 
of context and time dependency of supposed anti-tumoral 
factors, we shed light on the relevance of DOK1 in the serrated 
pathway to CRC and highlight the role of the “normal mucosa” 
in adenoma development. This work exemplarily shows 
the potential of molecular markers to predict recurrence 
of colorectal adenoma. This might open the field for novel 
markers of recurrence and tailored prevention strategies for 
adjusted and better surveillance.
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