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INTRODUCTION

Colorectal cancer (CRC) is the third cause of cancer and the 
fourth leading cause of cancer-related mortality in both sexes world-
wide. Up to a quarter of these cases are in the rectum, representing 
between 27% and 58% of all cases of CRC(1-3). 

The mainstay of treatment for locally advanced rectal cancer 
(T3-4 or TxN+ - any T with positive lymph nodes) in the middle 
and lower portion of the rectum was neoadjuvant chemoradiation 
(nQRT) followed by surgical resection of the tumor and adjuvant 
therapy(4,5). According to the literature, around 40–60% of patients 
who receive nQRT reach any degree of  pathological response 
(complete, partial, or minimal response). Currently, there is still no 
effective method to predict which patients will or will not respond 
to neoadjuvant therapy. In this context, the study of potential bio-
markers is extremely promising. Nowadays the total neoadjuvant 
treatment must be considered in these patients(6).

The DEK proto-oncogene (D6S231E) is involved in several 
fundamental nuclear processes, and scientific evidence proves that 
this gene is related to neoplastic progression, contributing to the 
tumorigenesis process. Studies that associated the expression of this 
biomarker with the pathological response in rectal adenocarcinoma, 
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furthermore, DEK was described as having a high statistical power 
to predict pathological complete response to neoadjuvant chemo-
therapy in breast cancer, for example(7). The P38 protein, on the 
other hand, is an important component of the mitogen-activated 
protein kinases (MAPK) family. Its active form, Phospho-P38 
or PP38 (phosphorylated protein 38), plays a central role in cell 
proliferation and apoptosis in multiple neoplasms(7). Recently 
disease response after chemotherapy treatment in CRC has been 
associated with the DEK expression, supporting a possible highly 
robust predictive model of cell death(8,9,10).

This study aimed to analyze the immunoexpression of DEK 
and Phospho-P38 proteins in cancer biopsy of the middle and lower 
rectum, before chemoradiotherapy and correlate these data to the 
clinical stage and survival.

METHODS

This is a retrospective longitudinal study, in a cohort of  pa-
tients with medium and low rectal adenocarcinoma undergoing 
neoadjuvant treatment and follow-up at the Gastro-Oncology 
Outpatient Clinic in Hospital São Paulo - Brazil. Patients were 
selected through a survey and evaluation of  medical records 
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from the Gastro-Oncology Outpatient Clinic (Discipline of 
Gastroenterology-UNIFESP/EPM), according to the established 
inclusion criteria. All radiological, imaging, pathological diagno-
sis and clinical follow up in the medical records were reviewed 
and confirmed.

Ethics approval and consent to participate  
The study was conducted in accordance with the World Medi-

cal Association (WMA) and the Declaration of Helsinki. Ethical 
approval for this study was obtained from the Ethics and Clinical 
Research Committee Coordenadoria de Ensino e Pesquisa do Hos-
pital São Paulo-HU/UNIFESP. CAAE: 01059018.2.0000.5505. 
Patients provided written informed consent. 

Immunohistochemistry and semi-quantification analysis
The antigen recovery, deparaffinization, and rehydration were 

performed in all silanized slides containing the histopathological 
material (3-μm sections of paraffin blocks), using the Target Re-
trieval Solution High pH – EnVision Flex DAKO for 20 minutes at 
900C in a steamer. The slides were submitted to 4 baths of 5 min-
utes each with hydrogen peroxide to block endogenous peroxidase 
(Peroxidase Block – Novacastra Leica) and one bath of 5 minutes 
to block nonspecific proteins (Protein Block – Novocastra Leica). 
Incubation with primary antibody as executed with the Primary 
Antibody Diluent-Scytek, and the dilutions established were: DEK 
1:300 (Thermo Fischer, #PA5-62975) and PP38 1:200 (Santa Cruz, 
Biotechnology Inc., Thr 180/Tyr 182, p38α-R, sc-17852-R). For 
the secondary antibody the Polymer Detection System Novolink 
– Leica kit was used, followed by incubation of  the preparative 
solution (Post Primary – Novocastra Leica) for 30 minutes in a 
humid chamber and after, for revelation the chromogen (DAB 
Chromogen – Novocastra Leica). Finally, counterstaining with 
Hematoxylin was performed and the slide was mounted and the 
immunoexpression of the markers was evaluated by a pathologist 
from the Laboratory of Molecular and Experimental Pathology. 
The following criteria were considered: cell compartment (nuclear 
expression); percentage/extension of the reaction (%); intensity (0: 
unmarked; 1: weak; 2: moderate and 3 strong). In addition, the 
HScore system was applied for semi-quantitative analysis, based 
on the multiplication of the intensity of the reaction and the ex-
tent of staining. The extension of the positive area was rated on a 
scale from 0 to 3 (0: 0–10%; 1: 11–25%; 2: 26–50% and 3:>51% of 
the neoplastic cells stained). Reactions with a score greater than 
or equal to 4 were considered positive and those with a score less 
than 4, negative.

Statistical analysis
To analyze the behavior of  continuous variables, descriptive 

statistics, histogram, and boxplot graphics and the specific test 
for the theoretical assumption of  normality Shapiro-Wilk were 
done. Comparison between the two groups was performed using 
the Mann-Whitney test for numerical variables and Fisher’s exact 
test for categorical variables; for three groups the Kruskal-Wallis 
test was used. Correlation analysis between numerical or ordinal 
variables was performed using Spearman’s correlation coefficient. 
Survival analysis was performed using the Kaplan-Meier method 
and comparisons between groups were performed using the Mantel 
log-rank test(11). Statistical analysis was performed using the IBM-
SPSS Statistics version 27 software (IBM Corporation, NY, USA). 
P values <0.05 were considered significant.

RESULTS

Patients features
The study sample consisted of  22 patients diagnosed with 

adenocarcinoma of  the middle and lower rectum undergoing 
neoadjuvant chemotherapy based on fluoropirimidine and local 
radiotherapy (45 GY in 25 fractions, 5 days a week) followed by 
surgery that included total mesorectal resection. The mean age of 
the patients included was 63.55 years (SD: ±13.49), with a pre-
dominance of females (63.60%).

A little more than half  of the cases (59.1%) were in the lower 
rectum and the most frequent type of surgical resection was ab-
dominoperineal amputation, in 59.2% of cases. Seventeen of the 
twenty-two patients (77.3%) had a tumor 4.0 cm in the largest 
diameter, and 8 (81.8%) were diagnosed with a moderately differ-
entiated tumor. Half  of the patients underwent adjuvant therapy 
based on fluoropirimidine and oxaliplatin. At the end of this study, 
68.2% of the patients were alive and 18.2% developed metastatic 
disease. The others (31.8%) died (TABLE 1).

TABLE 1. Characteristics related to the tumor.

Characteristics N (%) 22

Site, N (%)

   Medium rectum 6 (27.3)

   Lower rectum 16 (72.7)

Type of resection, N (%)

   Abdominoperineal amputation 13 (59.2)

   Rectosigmoidectomy 5 (22.7)

   Local resection 3 (13.6)

   Partial colectomy 1 (4.5)

Size of the tumor, N (%)

   <4cm 17 (77.3)

   ≥4cm 5 (22.7)

Differentiation grade, N (%)

   Well differentiated 4 (18.2)

   Moderately differentiated 18 (81.8)

Adjuvant therapy, N (%)

   No 11 (50)

   Yes 11 (50)

Outcome, N (%)

   Alive with disease 4 (18.2)

   Alive without disease 11 (50)

   Death 7 (31.8)

Categorical variables are described in number (percentage).

In the clinical TNM stage most cases were IIA (36.35%) and 
IIIB (36.35%). Before neoadjuvant treatment, most cases (72.7%) 
were T3, 8.2% were T4, and the others T2. Half  of the patients in 
the study did not have lymph nodes invasion (N0) and 31.8% were 
N1. After surgical resection, 77.3% of patients were IIA, 13.6% had 
a complete response, and 27.3% had a tumor stage I (TABLE 2).
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Immunoexpression of DEK and Phospho-P38
When analyzing the data related to DEK and Phospho-P38 

proteins (TABLE 3), it is observed that the majority (63.7%) 
presented up to 10% of the extension score of  the positive area 
marked for DEK. For Phospho-P38, the majority (63.6%) had ≥51% 
of positively marked area. Regarding the intensity of labeling in 
DEK immunoexpression, 63.6% were weak or unmarked, 27.3% 
moderate intensity, and 9.1% strong. In Phospho-P38, 72.8% of the 
cases had moderate and strong immunoexpression, and 27.2% had 
weak or no labeling. Interestingly, for the HScore of both proteins 
(score used to assess the markers, as explained above in the Method 
chapter), this pattern observed in each one was maintained. The 
majority, 77.3% of the DEK HScore was negative (<4) and 63.6% 
of the Phospho-P38 HScore was classified as ≥4 positives.

According to the correlation coefficient, there was a positive 
correlation between the DEK expression (%) and the pathological 
TNM stage (P=0.011) (TABLE 4). 

TABLE 2. TMN clinical stage (before therapy) and TNM pathological 
stage (after neoadjuvant treatment).

Clinical stage TNM N=22

Tumor N (%)

   T0 –

   T1 –

   T2 2(9.1)

   T3 16(72.7)

   T4 4(18.2)

Lymph nodes N (%)

   N0 11(50)

   N1 7(31.8)

   N2 1(4.5)

   N2a 1(4.5)

   N2b 1(4.5)

   Nx 1(4.5)

Pathological stage TNM

Tumor  

   T0 3(13.6)

   T1 2(9.1)

   T2 5(22.7)

    T3 12(54.6)

T4 –

Lymph nodes

   N0 17(77.4)

   N1 3(13.6)

   N2 1(4.5)

   N2a 1(4.5)

   N2b –

   Nx –

Categorical variables are equal in number (percentage). cTNM: clinical (pre-neoadjuvant); 
pTNM: pathological (post neoadjuvant); T: pre neoadjuvant; T post neoadjuvant.
†Fisher’s Exact Test.

TABLE 3. Immunoexpression of DEK and Phospho-P38 proteins.

Characteristics
Protein

DEK  
N (%)

Fosfo-P38 
N (%)

Extension scores of the positive expression area, N (%)

   0–10% 14 (63.7) 4 (18.2)

   11–25% 3 (13.6) 2 (9.1)

   26–50% 2 (9.1) 2 (9.1)

   ≥51% 3 (13.6) 14 (63.6)

Cell compartment, N (%)

   Negative nucleus 7 (31.8) 5 (22.7)

   Positive nucleus 15 (68.2) 17 (77.3)

   Intensity, N (%)

   Unmarked 7 (31.8) 3 (13.6)

   Weak 7 (31.8) 3 (13.6)

   Moderate 6 (27.3) 8 (36.4)

   Strong 2 (9.1) 8 (36.4)

HScore, N (%)

   Negative <4 17 (77.3) 8 (36.4)

   Positive ≥4 5 (22.7) 14 (63.6)

Hscore: extension score of the positive expression area multiplied by intensity where: 0, no 
marking; 1 weak; 2 moderate; 3 strong.

TABLE 4. Correlation between DEK protein expression (%) and age, 
clinical and pathological (after) TNM stage, N=22.

DEK (expression %)

r
s

CI (95%) Value P

Age 0.37 -0.07; 0.69 0.089

Stage

   cTNM 0.41 -0.01; 0.72 0.053

   pTNM 0.52 0.12; 0.78 0.011

r
s
: Spearman’s correlation coefficient.; CI: confidence interval; cTNM: clinical (pre-neoadjuvant); 

pTNM: pathological (post neoadjuvant).

Between the three patients with tumor complete response, two 
had no immunoexpression of the protein and 11 had 25%, all were 
considered negative for HScore. Advanced pTNM tumors, had 
a higher expression of DEK (%). Between the five patients with 
stage III disease, three had a positive DEK HScore. On the other 
hand, the Phospho-P38 expression (%), as well as its HScore, had 
no correlation with clinical or pathological variables. 

Survival
The average in months of  the overall cumulative was 124.6 

months (95%CI 94.16: 155.13) (FIGURE 1A). The cumulative 
survival according to the HScore for DEK had a mean of 141.33 
months (95%CI 112.41; 170.25) and a mean of  25.10 months 
(95%CI 17.36; 32 .84) for patients with HScore negative (<4) and 
HScore positive (≥4), respectively (P-value <0.001 by Mantel’s 
Log Rank test) (FIGURE 1B). In the cumulative survival curve 
according to the HScore for Phospho-P38, the mean number of 
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months was: 157.16 months (95%CI 123.54; 190.79) and 96.08 
months (95%CI 63.26); 128.90) for patients with HSscore Nega-
tive (<4) and HSscore positive (≥4), respectively (P-value =0.161 
by Mantel’s Log Rank test) (FIGURE 1C).

Cumulative survival according to HScore of DEK and Phospho-

P38 paired in the following combinations: two negative markers 
(mean 94.57 months and 95%CI 34;143), one of the positive markers 
(mean 78.09 months and 95%CI 28; 150), and two positive markers 
(mean 23.25 months and 95%CI 08;31). Through the Log Rank test, 
a significant difference was noted with P=0.004 (FIGURE 1D).

FIGURE 1. A) Overall cumulative survival curve (in months). B) Cumulative survival curve (in months) according to DEK HScore. C) Cumulative 
survival curve (in months) according to Phospho-P38 HScore (PP38). D) Cumulative survival curve (in months) according to Phospho-P38 (PP38) 
HScore matched in three combinations: both negative markers; one of the positive markers; both positive markers.

P<0.001

P=0.161 P=0.004
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DISCUSSION

In this study, we found a predominance of females. Between 
the patients, 50% were alive without recurrence by the end of this 
study. The same percentage was also observed in a similar study by 
Martinez-Useros and collaborators(3). Most of the patients had T3 
tumors before treatment (72.7%), as described by Jia et al., Farhat 
et al., Ma et al., and Fokas et al.(12-15). After neoadjuvant therapy, 
the percent of  T3 tumors had a less frequency (54.6%), 13.6% 
were T0 and 9.1% T1. The percent of  T2 that was 9.1% before 
CRT, rose to 22.7%. As observed in other studies(16-18), that 30% 
of the tumors had where it was described that although variable, 
around 25% of patients have a complete response to neoadjuvant 
chemoradiotherapy. Regarding the degree of  differentiation, we 
mostly observed that 81.8% were classified as moderately differ-
entiated, a finding that agrees with the study mentioned above, by 
Ma et al. (2019)(19).

We observed that tumors with higher DEK expression had a 
worse prognosis, in agreement with the meta-analysis performed 
by Liu et al. (2017), which described that DEK overexpression 
was significantly associated with poor overall survival in patients 
with solid tumors(20). There was a positive correlation between 
pathological tumor stage and DEK immunoexpression: advanced 
pTNM had higher DEK expression. The cTNM had a marginal 
difference between stage and DEK immunoexpression (P=0.053). 
Overexpression of this protein was associated to the progression 
and aggressiveness of cancers in general. According to Yang et al. 
(2020)(21), the increased expression of DEK positively regulates the 
levels of active β catenin and Wnt target genes (cyclin D1, c Myc 
and MMP7), increasing the proliferative and invasive capacities of 
lung cancer cells(21). In the study by Piao et al. (2014), the high level 
of DEK expression was a predictor of poor prognosis in patients 
with gastric cancer. In a later study, these authors observed that 
patients with early-stage gastric cancer and high DEK expression 
had the worst disease-free survival and overall survival(22).

In addition, to the HScore, we evaluated the cellular compart-
ment of antibody stain. Some studies found that the expression of 
DEK had a nuclear pattern in gastric and colorectal cancers, both in 
the immunohistochemical and immunofluorescence techniques(23,24). 
In the tumors analyzed in this study, for rectal adenocarcinoma, we 
observed that the majority (68.2%) had nuclear staining. Between 
the cases that presented a positive score, 1/3 (≅ 33.3%) were classi-
fied as HScore positive. Lin et al. (2013) found that DEK showed a 
strongly positive nuclear immunohistochemical staining pattern in 
48.62% of cases of colorectal cancers, which was significantly higher 
than in the adjacent normal colon mucosa (9.17%) or in colorectal 
adenomas (13.46%)(23). In 2014, the same group also studied the 
immunoexpression of the DEK protein in colorectal carcinoma. 
The data showed that the increase in its expression correlated with 
the antigen Ki-67 (Ki-67) proliferation index and the apoptotic 
index, suggesting that DEK promotes the growth and progression 
of CCR, and for this reason, it can be a therapeutic target(25).

According to the data collected in the present study, in adeno-
carcinomas of  the rectum, no statistically significant difference 
was found concerning to sex, degree, of differentiation or part of 
the affected rectum. However, patients with advanced tumors had 
a higher expression of DEK. Most cases (77.3%) had a negative 
DEK HScore. The negative expression of this protein in tumor tis-
sue correlated with greater survival. A group of Martinez-Useros et 
al., (2014), published a study revealing that the high expression of 

the DEK protein was described as an indicator for the aggressive 
phenotype of colorectal cancer(26). The same group in 2018, did an-
other study with DEK and colorectal cancer, and the results showed 
that 9 of  45 patients who had high DEK expression achieved a 
complete response, and among those with low expression, none had 
a complete pathological response, suggesting that low expression 
of this protein may predict a lower chance of complete response 
to neoadjuvant therapy. However, they did not correlate the im-
munoexpression of the protein with survival(3,27,28). In the present 
study, three patients achieved a complete response, and all of them 
were classified as HScore DEK negative, in disagreement with the 
results discussed above.

It is important to note that, in the study by Martinez-Useros et 
al. (2018), pictured above, immunoreactivity was quantified from 
the percentage of positively stained cells over the total number of 
tumor cells. Positivity was defined as only medium to high levels 
of  DEK expression and tissue microarray or Tissue Microarray 
Analysis (TMA) was performed to study the histopathological 
material. In the current study, we used the semi-quantitative scoring 
system. Another factor that may explain this discrepancy is that 
in our study we analyzed the protein immunoexpression in several 
areas of the tumor while, in the study previously mentioned, the 
expression was studied in TMA, an area that is representatively 
smaller, since this methodology uses a needle that has a diameter 
that can vary from 0.6 mm to 2 mm to remove the material from 
the block. Given these results, we hypothesized that the technique 
for analyzing the quantification of tissue DEK protein, through im-
munohistochemistry in rectal adenocarcinomas, needs to be better 
studied, as its standardization seems to have a direct relationship 
with the results. 

As for the P38 protein, it showed a percentage of 63.6% of cases 
with a positive HScore (≥4). There was a predominance of the pat-
tern of the intensity of moderate and strong marking. Despite this, 
the protein did not show statistical significance in the correlation 
with other variables such as sex, degree of differentiation, topogra-
phy, and both clinical and pathological stage. According to the Atlas 
reference The Human Protein Atlas, MAPK14 (P38) is expressed in 
the cytoplasm or nucleus, depending on the tumor. In both normal 
colon and rectum tissues, expression is low(29). Our findings dem-
onstrate that 63.6% of cases were positive for the protein and most 
had a positive area marking extension ≥51%74. When analyzing 
survival according to the Phosfo-P38 HScore alone, there was no 
significant difference. However, for the analysis of paired markers, 
when both DEK and Phospho-P38 were negative, the survival was 
better. These results suggest that both proteins were involved in 
cancer agressivenes. According to the study by Martinez-Useros et 
al. (2018), Phospho-P38 alone also showed no association with the 
response to neoadjuvant therapy in rectal adenocarcinomas, but its 
high expression was directly associated with the high expression of 
DEK(3). This possibly shows that as an isolated marker, perhaps the 
Phospho-P38 protein does not have a predictive function, but when 
associated with DEK, it shows promise. It is necessary to under-
stand the connection between them, to establish which factors lead 
to the association of positivity and negativity of these markers. P38 
signaling promotes cell death in some cell lines, in others P38 has 
been shown to increase cell survival, growth, and differentiation. 
Since the role of P38 in apoptosis varies according to cell type, in 
addition to being stimulus-dependent. It is worth mentioning that 
the regulation of the P38 pathway is not an isolated cascade and 
many different ascending signals can lead to protein activation(30).
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The main limitation of  the study was the small number of 
samples due to the difficulty in recovering the biopsy material for 
analysis before neoadjuvant treatment. 

In conclusion, the highest expression of  DEK protein was 
correlated with the T and N of  the surgical specimen. Patients 
with negative DEK immunoexpression tumors (HScore <4) had 
increased survival. Overall, DEK protein immunoexpression may 
be a potential tissue biomarker of prognosis for patients with rectal 
adenocarcinoma, other studies are necessary to better elucidate the 
applicability of this protein.
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RESUMO – Contexto – O câncer colorretal é mundialmente, a terceira causa de câncer e um quarto destes estão localizados no reto. O oncogene DEK 

está envolvido em vários processos nucleares e pode acelerar a tumorigênese. Objetivo – Este estudo tem como objetivo avaliar a imunoexpressão das 
proteínas DEK e Fosfo-P38 antes da terapia neoadjuvante em pacientes com adenocarcinoma de reto e correlacioná-la com resposta clínica e sobrevida. 
Métodos – Foram incluídos pacientes com adenocarcinoma de reto médio e baixo submetidos à quimio e radioterapia seguida de ressecção cirúrgica do 
tumor. A expressão e quantificação foram estudadas por imuno-histoquímica nos tecidos de biópsia tumoral utilizando um sistema HScore. Escores ≥4 
foram considerados positivos e aqueles com <4 negativos. Resultados – Foram incluídos 22 pacientes com média de idade de 63,55 anos (DP: ±13,49). 
O estágio clínico antes do tratamento era T3 em 72,7%, T4 em 18,2%, 31,8% eram N1, 50% N0 e todos M0. Após a quimio e radioterapia, 54,6% 
eram T3; 22,7% eram T2; 9,1% eram T1 e 13,6% T0. Entre os tumores, 22,7% foram positivos para DEK e 63,6% positivos para Phospho-P38. Houve 
uma correlação positiva para a imunoexpressão da proteína DEK e o estágio pTNM (P=0,011). A proteína fosfo-P38 não apresentou correlação com 
esses parâmetros. Pacientes com HScore negativo para DEK tiveram sobrevida média de 141,33 meses (IC95%: 112,41–170,25) e aqueles com HScore 
positivo tiveram sobrevida média de 25,10 meses (IC95%: 17,36–32,84) (P<0,001). Conclusão – Observou-se maior expressão de DEK em estágios 
avançados. Os pacientes que apresentaram expressão de DEK <4 tiveram maior sobrevida, sendo um fator de pior prognóstico.
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