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Abstract

Rectal Adenocarcinoma (RA) represents more than 90% of rectal tumors, with high global incidence and mortality rates. Treat-
ment includes neoadjuvant therapy, curative surgery, and postoperative adjuvant therapy. Complete Pathologic Response 
(CPR) signifies the absence of residual tumors and affected lymph nodes. Understanding the genetic mechanisms underlying 
CPR could aid in preserving organ function. Recent research identified unfavorable prognostic markers (GAPDH, CXCR4, Ki67, 
vimentin, tetraspanin Co029, and e-cadherin) in RA. We present two RA case reports with distinct treatment outcomes corre-
lated with gene expression profiles. Patient one achieved CPR and remained recurrence-free, while patient two had Incomplete 
Pathologic Response (IPR) with lung metastases. We isolated and assessed total RNA from tumor fragments and tumor-free 
margins, evaluating CXCR4, GAPDH, Ki67, e-cadherin, vimentin, and TSP expression. Patient one’s tumor and tumor-free sam-
ples exhibited similar biomarker expressions, whereas patient two’s tumor fragment showed elevated expressions, particularly 
of CXCR4, known to promote proliferation and invasiveness. Increased expression of CXCR4, GAPDH, e-cadherin, vimentin, 
Ki67, and TSP was observed in rectal tumors with IPR. Our findings highlight the variable behavior of genes within the same 
subgroup, emphasizing the significance of exploring molecular foundations for prognostic insights.
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Introduction

In 2020, it was estimated that there will be more than one 
million new Colorectal Cancer (CRC) cases in the world, with an 
incidence rate of 19.5% and a mortality rate of 9% (Globocan, 
2020). Brazil follows this global trend with more than 40,000 
new cases annually, representing approximately 16.03% of all 
new tumors. In addition, 5,239 was the total number of deaths 
from Rectal Adenocarcinoma (RA) in the country that same 
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year, according to data from INCA (National Cancer Institute/
Ministry of Health, 2020) [1]. It is important to consider that 
rectal adenocarcinoma (RA) represents >90% of rectal tumors 
(National Cancer Institute/Ministry of Health, 2020) [1] and 
presents as therapeutic methods neoadjuvant, curative surgery, 
and postoperative adjuvant (Wolf et al., 2020).

The evaluation of Complete Pathologic Response (CPR) is 
defined by the absence of residual invasive tumors and com-
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promised lymph nodes, in surgical species (Osorio, 2012). Prog-
nostic factors leading to recurrence and metastasis are relevant 
in elucidating disease outcomes (Haraldsdottir et al, 2014). Na-
tional databases are considered limiting factors for the acquisi-
tion of epidemiological data since they focus mostly on primary 
involvement and mortality rates [2]. The main organs affected 
by CRC metastases are usually the liver and lung [3]. In addition, 
RA is also known to have some thoracic organs and the nervous 
system as its metastatic site [4], Leggeti B, 2010].

Local and presacral RA recurrences are most common among 
local recurrences and are associated with an unfavorable prog-
nosis [5]. In contrast, anastomotic and anterior recurrences 
have a relatively good prognosis (Kuipers et al. 2015). Reduced 
tumor recurrence is associated with the performance of preop-
erative radiotherapy [6].

Over the past four decades, there has been a dramatic im-
provement in the prognosis of non-metastatic RA due to ad-
vances in staging and multidisciplinary treatment processes 
[7]. Subsequently, staging has been enhanced using Magnetic 
Resonance Imaging (MRI) and Endoscopic Rectal Ultrasonogra-
phy (ERU) [8]. Furthermore, pelvic radiotherapy treatment was 
added and disseminated the Total Mesorectal Excision (TME) 
technique [9]. These factors combined contributed to reduced 
pelvic recurrence (4%-15%) and improved Overall Survival (OS) 
(69%-87%) [10].

Although relapse cases have decreased, distant metastasis 
remains above 25% for TNM stages II-III at 5 years [11].

In the search for more assertive therapeutic approaches, 
numerous trials have been conducted combining different drug 
families, and fractions of neoadjuvant and adjuvant radiothera-
pies [12]. These were aimed at reducing metastatic disease and 
raising Overall Survival (OS) metrics, as well as achieving a CPR 
so that, in this way, the chances of organ preservation in some 
subgroups of patients might be more tangible [13].

Personalized medicine has been widely discussed and in-
corporated into chronic disease management practices, such 
as cancer [14]. This occurs through molecular analysis of the 
tumor, enabling the identification, prevention, monitoring, and 
treatment of neoplasms in an individualized approach [15]. As 
a prospect, it could help in understanding CPR in patients with 
better prognostic profiles [16].

A recent study demonstrated a promising gene panel with 
impacts on the malignancy of intestinal tumors [17,18]. They 
found that patients who showed higher gene correlations be-
tween GAPDH, CXCR4, and E-cadherin, had worse prognoses. 
Numerous markers are currently studied, and this research 
highlights the chemokine receptor CXCR4 with an important 
role in the progression of intestinal tumors [19]. GAPDH, a 
glycolytic enzyme involved in transcript regulation and stabil-
ity, acts, especially associated with CD26, in CRC metastatiza-
tion [20]. The nuclear protein Ki67 indicates the proliferative 
capacity of tumors [21], and e-cadherin and vimentin, markers 
of epithelium-mesenchymal transition, are associated with cell 
motility and metastasis. And finally, the tetraspanin Co029 (TSP) 
gene favors malignant cell motility [18].

Thus, the two cases to be presented were submitted to ex-
pression profile analysis for the mentioned targets and the find-
ings were correlated to the pathological response post-neoad-
juvant.

Objectives

Present two case reports where one patient had CPR and the 
second one had no response to neoadjuvant therapy and cor-
relate them to the gene expression profiles of CXCR4, GAPDH, 
E-cadherin, tetraspanin Co029, vimentin, and Ki67.

Case presentations

The positive and negative samples from the patients involved 
in the study were obtained from surgical procedures at the Hos-
pital da Baleia in Belo Horizonte, Brazil. The study was approved 
by the Research Ethics Committee of the Federal University of 
Minas Gerais under CAAE 02177612.0.3001.5091. Information 
on the patients, tumors, clinical management, and evolution/
outcome was obtained by analyzing and collecting data from 
the institution’s electronic medical records and personal docu-
ments accessed during the surgical procedure.

Case 1 - Patient L.L.G., female, 72-year-old diagnosed with 
RA located 6 cm from the pectineal line. The tumor staging by 
MRI before neoadjuvant therapy was T2N2M0, clinical stag-
ing III. The patient was submitted to neoadjuvant radiotherapy 
and chemotherapy and had CPR with a small irregularity of the 
mucosa in the distal rectum (Figure 1). She was submitted to 
rectosigmoidectomy and histology revealed a small focus of 
adenocarcinoma restricted to the mucosal layer and 12 lymph 
nodes negative for neoplasia. The histological staging of the tu-
mor after neoadjuvant was TisN0M0. The follow-up time after 
surgery for this patient is 18 months and the segment time af-
ter radiotherapy and chemotherapy is 24 months. There are no 
signs of recurrence or metastasis of the adenocarcinoma so far.

Case 2 - Patient A.D.A., 54-year-old male, diagnosed with 
RA located 6 cm from the pectineal line, The tumor staging by 
MRI before neoadjuvant was T3N1M0, clinical staging III. The 
patient was referred to neoadjuvant radiotherapy and chemo-
therapy and had an Incomplete Pathologic Response (IPR) with 
a discrete reduction in tumor dimensions. He was histologically 
submitted, and an ulcer-vegetative lesion was noted on the sur-
gical specimen (Figure 2). The adenocarcinoma invaded the se-
rous layer and there were two lymph nodes compromised out 
of 15 evaluated. In addition, the histological staging after neo-
adjuvant was T3N2M0. The segment time after surgery for this 
patient is 14 months, and pulmonary metastasis was noted to 
have appeared at 8 months postoperatively.

Gene expression evaluation

Tumor fragments and tumor-free margins of about 2 cm/2 
g were collected after the excision of the surgical specimen 
and stored in RNA later solution (0.5M of EDTA). To obtain to-
tal RNA, extraction, and purification were performed using the 
TRIzol reagent (Thermo Fisher), following the manufacturer’s 
specifications with modifications: Samples of approximately 
100 mg were macerated, and the tissue was resuspended in 1 
ml of Tryzol and later precipitated in 300 µl of cold chloroform 
for 16 hours. After washing with 75% ethanol (MERK), total RNA 
was eluted in 100 µL of nuclease-free water and kept in a ther-
mal cycler (MiniAmp Thermal Cycler, Applied Biosystems) for 30 
minutes at 37°C. The isolated RNA was previously purified fol-
lowing the protocol of the Total RNA Purification kit (QIAGEN), 
and to avoid contamination of genomic DNA, the solution was 
treated with the DNAse I enzyme (Invitrogen). At the end of 
the process, 1 μl of the obtained material was used for quan-
tification and purity analysis in NanoDrop 2000® UV-Vis Spec-
trophotometer (Thermo Scientific®). The remaining was stored 
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at - 80°C until further use.

The cDNA synthesis was performed using the High-Capacity 
cDNA Reverse Transcription kit (Applied BiosystemsTM), follow-
ing the manufacturer’s specifications with a final volume of 20 
μl.

For the relative quantification assay, specific primer pairs 
were used for the amplification of CXCR4, GAPDH, Ki67, E-cad-
herin, TSP, and vimentin exons, in addition to β-actin as a nor-
malizer, as previously described (Assis, 2020). 100 ng of cDNA 
was used, added 5 μl of SYBR Green PCR master mix (Applied 
Biosystems), 0.5 μl (400 nmol) of each primer (sense and an-
tisense), and completed with water for a final volume of 10 μl.

Based on the relative quantification data generated using the 
qPCR technique, they were correlated to the tumor pathologi-
cal response of the two cited patients using tudent’s t-test for 
parametric and nonparametric samples. Shapiro Wilk test was 
performed to identify the normality nature of those samples.

Results

Total RNA from the samples was extracted and analyzed for 
gene expression by qPCR. Target expression was measured ac-
cording to the endogenous gene. Despite not showing consider-
able statistical differences between the same marker for differ-
ent individuals, patient 2 showed elevated gene expression for 
all the targets studied, except CXCR4 (Figure 3).

When we compare the biological groups of both patients, we 
notice that CXCR4 is more expressed in the tumor-positive sam-
ples than in the negative samples (Figure 4a), for both, and that 
GAPDH is highly expressed in the positive samples of patient 2 
(Figure 4b), while patient 1 shows its upregulation in negative 
samples. Despite not reaching significant values, the data show 
different patterns for the genes studied in patients with ana-
tomically similar tumors and different outcomes.

Interestingly, both patients showed higher expressions for 
e-cadherin, TSP, vimentin, and Ki67 in the tumor-free margins 
than in the tumor tissue (Figure 5a,b,c, and d), although they 
did not reach significant values, this data reinforces the molecu-
lar heterogeneity of tumor subgroups.

Figure 1: Photograph of the macroscopic rectal specimen with mild 
mucosal irregularity, demonstrating CPR of the tumor (complete re-
gression of the lesion) after the patient received radiotherapy and 
chemotherapy. 

Figure 2: Photograph of surgical specimen of rectum showed ulcer-
vegetative lesion 4 cm in extent, showing IPR of the tumor after the 
patient underwent radiotherapy and chemotherapy.

Figure 3: Gene expression levels of CXCR4, GAPDH, E-cadherin, TSP, 
vimentin, and Ki67 in the primary site of involvement in CPR and 
IRP patients. Y: relative quantification of those genes; x: genes in 
the primary site of involvement.

Figure 4: Comparison between gene expression levels of CXCR4 and 
GAPDH in the primary site of involvement and normal mucosa in 
CPR and IRP patients. (a) CXCR4 level expressions in both groups for 
each patient; (b) GAPDH level expressions in both groups for each 
patient; (RQ) relative quantification.
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Figure 5: Comparison between gene expression levels of e-cad-
herin, TSP, vimentin, and Ki67 in the primary site of involvement 
and normal mucosa in CPR and IRP patients. (a) E-cadherin level 
expressions in both groups for each patient; (b) TSP level expres-
sions in both groups for each patient; (c) vimentin level expressions 
in both groups for each patient; (d) Ki67 level expressions in both 
groups for each patient. (RQ) relative quantification.

Discussions

In 2016, according to the European Society of Medical Oncol-
ogy, tumors should be managed in individualized methods since 
studies indicate their molecular heterogeneity. To this end, the 
proposal of the reports was the creation of a gene panel be-
tween CXCR4, GAPDH, e-cadherin, TSP, vimentin, and Ki67 and 
the analysis of its correlation with the pathological response of 
patients. The analyses were performed using the relative qPCR 
technique with β-actin as the endogenous gene. For the acqui-
sition of the DNA template for the reaction, total RNA was ex-
tracted from fresh samples.

For the comparative analyses between the positive and neg-
ative groups of each marker, a difference was observed in all 
targets except CXCR4, for patient 2. This profile indicates the 
high risk of developing metastases due they have an impact on 
cancer progression, especially when combined [17]. GAPDH is 
directly involved with tumor progression [22], which justifies 
its high expression level in patient 2. Its expression is associ-
ated with the risk of recurrence and lower chances of cure and 
survival [18]. Demonstrated that GAPDH expression is increased 
in colon tumors and elevated the risk of liver metastasis dem-
onstrating its importance in the development and metastatic 
event [17].

Based on the Student's t-test it was not possible to estab-
lish positive correlations between the studied groups, however, 
CXCR4 was highly expressed in both tumor- positive samples, 
and GAPDH only in positive samples from patient 2. The other 
genes were more expressed in the tumor-free samples acquired 
during the surgical process and although they did not show sta-
tistical differences, they met the lack of standardization in nega-
tive sample collection which should be done carefully, to avoid 
collecting from areas already compromised by the pathological 
condition.

Finally, it is believed that these markers, associated with oth-
ers, may in the future become important tools in the diagnosis 
and prognosis of rectal.

The study had limiting factors such as the acquisition of a 
small lesion mass from patient 1, only two cases to be analyzed, 
and the lack of guidelines for collecting tumor- free margins, 
reinforcing the need for further studies.

Conclusion

The present study demonstrated that patients affected by 
RA and IPR showed higher gene expression of GAPDH, e-cad-
herin, TSP, vimentin, and Ki67 when compared to a patient 
who achieved CPR to neoadjuvant therapy. Also, IPR patients 
showed strong expression of CXCR4 and GAPDH in tumor-posi-
tive samples compared to disease-free margins. Thus, we con-
clude that those genes have the potential to be the targets of 
further studies regarding the mechanism determining the path-
ological response of patients with RA undergoing neoadjuvant 
therapy and organ preservation for this subgroup of patients. 
Additionally, that there is a need for a more in-depth analysis 
of techniques for excising non-tumor material from normal mu-
cous membranes, highlighting the safety distance.
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