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Abstract
Background—In early-stage rectal cancer, the surgeon must decide between the high morbidity
of radical surgery and the high recurrence rates of local excision. A prognostic marker could
improve patient selection and lower recurrence rates. MicroRNAs (miRNAs), small RNAs that
often inhibit tumor suppressors, have shown prognostic potential in colorectal cancer. We
hypothesized that high miRNA levels in malignant tissue from early-stage rectal cancer patients
could predict recurrence after local excision.

Materials & Methods—We identified 17 early-stage rectal cancer patients treated with local
excision between 1990 and 2005, 4 of whom had recurred. Total RNA was extracted from benign
and malignant tissue and used in quantitative real-time reverse transcriptase PCR (qRT-PCR) to
probe for miR-20a, miR-21, miR-106a, miR-181b, and miR-203. MiRNA data was evaluated for
association with recurrence using univariate analysis with Wilcoxon rank-sum test.

Results—Malignant tissue in both patients who recurred and patients who did not recur had
equivalently high levels of miRNA. However, the benign tissue of patients who recurred contained
significantly higher levels of all 5 miRNAs when compared to the benign tissue of non-recurrent
patients despite having no histological differences.

Conclusions—This is the first study to show that high miRNA levels of histologically benign
tissue obtained from the surgical margin of locally excised rectal cancers can predict recurrence.
The malignant miRNA levels did not have predictive value. Further investigation of miRNAs is
needed to explore their potential for a more accurate prognosis of rectal cancer.
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INTRODUCTION
The American Cancer Society estimates that there will be nearly 40,000 new cases of rectal
cancer diagnosed in the United States in 2011. While radiation and chemotherapy are
important in the treatment of rectal cancer, surgery remains the most vital part of the
treatment regimen. Currently, two basic surgical options exist for these patients: radical
surgery and local excision. Radical surgery, involving complete or nearly complete removal
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the rectum, possesses a low recurrence rate (2–15%), but entails significant morbidity (20–
30%) and possible loss of anorectal, bladder, and sexual function for patients [3, 10, 32]. In
contrast, local excision allows for rapid recovery, low morbidity, and maintenance of bowel
continence and rectal function. However, local excision has an unacceptably high rate (10–
40%) of local recurrence [24]. Identification of a prognostic marker that could predict local
recurrence in patients with rectal cancer would permit a more accurate assessment of
patients’ candidacy for local excision. That is, patients identified as high risk could undergo
radical surgery instead of local excision, and thereby lower their chance of local recurrence.
Conversely, identification of patients at low risk of recurrence may allow local excision to
be performed in patients who were previously thought to be poor candidates.

Exciting new research has shown that microRNA (miRNA) profiles have prognostic
potential in cancer [5, 25, 34]. MiRNAs were first discovered in 1993, and were defined as
non-coding, single-stranded RNAs that are approximately 22 nucleotides in length [1].
Investigations since their discovery have elucidated that they act by binding to the 3’
untranslated region of a messenger RNA which leads to deadenylation, translational
repression, or cleavage of the target mRNA [12, 13]. Therefore, miRNAs negatively
regulate gene expression at the posttranscriptional level. Numerous miRNAs are either up-
or down-regulated in a variety of cancers [2, 5, 33]. Furthermore, many of their targets have
been found to consist of oncogenes and tumor suppressor genes [8, 9, 11, 18, 33, 36]. This
direct involvement in carcinogenesis makes miRNAs excellent candidates for prognostic
markers. Recently, a large, multicenter study found that miR-20a, miR-21, miR-106a,
miR-181b, and miR-203 were significantly upregulated in colon adenocarcinoma tumor
tissue vs. paired normal tissue [25]. Moreover, all the aforementioned miRNAs were found
to be associated with poor survival, and miR-21 was associated with poor therapeutic
outcome [25]. Nevertheless, the molecular and genetic differences between colon and rectal
cancer preclude a direct correlation of these results [30], and no studies to our knowledge
have investigated the role of miRNAs in rectal cancer specifically, let alone examined their
utility as prognostic indicators.

Considering the newly discovered prognostic significance of miRNAs and the high potential
for improved outcomes in rectal cancer patients, this study aimed to evaluate the usefulness
of the miRNA profile in predicting recurrence of rectal cancer after local resection.
Specifically, we hypothesized that high miRNA levels in malignant tissue from early-stage
rectal cancer patients could predict recurrence after local excision.

MATERIALS AND METHODS
Approval for this experiment was obtained from the University of Wisconsin Institutional
Review Board. A colon and rectal cancer database that is maintained in the University of
Wisconsin Department of Surgery was utilized to find all patients with early-stage (T1 and
T2) rectal cancer who had undergone local excision from 1990 to 2005. 23 consecutive
patients were identified using this search. Archived formalin-fixed paraffin embedded
(FFPE) tissue samples were obtained from the Department of Pathology. Three patients
were excluded because their tissue blocks were unable to be located in the tissue archive. An
experienced department pathologist then identified and marked suitable benign and
malignant tissue on FFPE tissue samples. Three additional patients were excluded from the
study because the pathologist could not identify suitable tissue. Therefore, 17 patients were
included in this study with clearly marked histologically normal and malignant tissue. This
marked benign and malignant tissue was then macrodissected from associated stromal
tissues. Notably, quantitative data regarding the margin status (mucosal and radial) was not
available in the medical record, as it was not standard to record such data during the study
enrollment period. Still, as part of our inclusion criteria, all patients had completely negative
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surgical margins in all directions according to their pathology reports. Furthermore, benign
and malignant tissues were never macrodissected from the same tissue block, thereby
decreasing the likelihood of cross contamination.

RNA was extracted from macrodissected tissue samples according to the RNeasy FFPE Kit
protocol (Qiagen, Valencia, CA). The quality and quantity of the RNA was assured using
the ND-1000 spectrophotometer (NanoDrop, Wilmington, DE). Using quantitative real-time
reverse transcriptase polymerase chain reaction (qRT-PCR), the normal and malignant tissue
was assayed for the level of miR-20a, miR-21, miR-106a, miR-181b, and miR-203. qRT-
PCR was done with the TaqMan MicroRNA Reverse Transcription Kit, TaqMan MicroRNA
Assays, and the ABI Prism 7900HT Sequence Detection System (Applied Biosystems,
Foster City, CA) according to the manufacturer’s protocol. Expression levels of small
nuclear RNA U6B were used as the normalization control. All assays were performed
separately in triplicate by two investigators who were blinded to the clinical data, yielding
six quantifications per miRNA for each tissue sample.

Clinical information regarding age, gender, local and metastatic recurrence, survival, tumor
grade, and clinical stage of disease was collected from the University of Wisconsin
Department of Surgery colon and rectal cancer database. A Wilcoxon rank-sum test was
used to determine differences between the benign and malignant levels of each miRNA. The
same test was used to determine if patients with and without cancer recurrence showed
differences in their miRNA profiles. For example, the benign tissue levels of a certain
miRNA for patients who recurred were compared to the benign tissue levels of that miRNA
for those who did not recur. Likewise, the malignant miRNA tissue levels were compared
between patients who recurred and those who did not recur. All statistical analyses were
done using MStat version 5.1 (McArdle Laboratory for Cancer Research, Madison, WI).
Associations with clinical data were considered statistically significant if the P value was
less than .05.

RESULTS
Patient and tumor characteristics are shown in Table 1. Patients who experienced cancer
recurrence after local excision were not significantly different from recurrence-free patients
with respect to age, length of follow up, and tumor characteristics (stage, size, and grade).
No lymphovascular invasion, deep submucosal invasion, signet ring cells, or colloid
histology was identified in the tissue samples. Patients had been clinically staged by a
variety of methods including digital rectal exam, proctoscopy, flexible sigmoidoscopy,
colonoscopy, biopsies, transrectal ultrasound, computed tomography, chest radiographs, or a
combination thereof. Clinical T stage did not correlate with malignant or benign tissue
miRNA expression (P > 0.05 for all miRNAs).

Malignant tissue miRNA levels were compared to benign tissue levels. MiRNA expression
was significantly upregulated in malignant tissue (Fig. 1). The difference was highly
significant (P < 0.00001) for all miRNAs studied (miR-20a, miR-21, miR-106a, miR-181b,
and miR-203). Most notably, miR-21 levels showed approximately a 7-fold increase in
malignant tissue.

The miRNA profile of recurrent patients was compared to non-recurrent patients. In
malignant tissue, miRNA expression in recurrent patients did not differ from non-recurrent
patients (Fig. 2). That is, the miRNA expression in malignant tissue was equally elevated
(relative to benign tissue) in recurrent and non-recurrent patients. However, benign tissue
levels of all 5 miRNAs were significantly upregulated in patients who eventually
experienced a cancer recurrence (P < 0.05) (Fig. 3). In other words, the benign tissue of
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recurrent patients showed molecular changes similar to malignant tissue (miRNA
upregulation). This finding prompted reexamination of the pathology tissue blocks and
slides to assess for any histologic signs of cancer at the tissue margins (labeled as benign
tissue). After careful inspection by an experienced pathologist, all tissues from the cancer
margin were found to contain only normal rectal mucosa(Fig. 4).

DISCUSSION
This study confirms the finding that miR-20a, miR-21, miR-106a, miR-181b, and miR-203
are upregulated in colorectal cancer [25]. Keeping in mind that colon and rectal cancers
differ in their miRNA expression profiles [30], it is important to note that this is the first
study showing that these miRNAs are upregulated specifically in rectal cancer tissue. This
finding is consistent with the fact that these 5 miRNAs are all thought to act as oncogenes,
largely by inhibiting tumor suppressor gene expression [15, 17, 35].

Given the proposed oncogenic activity of these miRNAs and their overexpression in rectal
cancer tissue, we speculated that high tumor levels of miRNA would suggest a more
aggressive tumor phenotype, and thereby predict cancer recurrence. Therefore, it was
surprising to find that there was no difference in the tumor miRNA expression profiles of
those patients who recurred versus those who did not. That is, the malignant tissue from
recurrent and non-recurrent patients was molecularly similar. This result differed from other
studies’ findings that the miRNA expression of colorectal tumor tissue could predict
prognosis [20, 25, 28]. The discrepancy in results could be explained by differential
expression of miRNAs between colon and rectal cancers [30].

Another unanticipated and intriguing finding was discovering miRNA upregulation in the
benign tissue of patients who experienced cancer recurrence. These results show that even
though recurrent and non-recurrent patients have normal histology at the tumor margin, the
tissues’ molecular makeup is different. Such a finding suggests that miRNA expression has
the ability to indicate a sort of precancerous state at the tumor margin. This conclusion is
consistent with the concept of field cancerization, originally described by Slaughter in 1953
and supported by more recent molecular studies [4, 16, 31]. Interestingly, our finding is
similar to a recent study demonstrating that miR-21 upregulation in the stroma of colon
cancers can predict poor survival [23]. Further data have revealed high levels of miR-21 and
miR-181b in premalignant lesions (colonic adenomas) [26], indicating that changes in
miRNA expression may be an early step in the process of malignant transformation. Yet, to
our knowledge this is the first study to show that miRNA expression in benign tissue from
the tumor margin has prognostic value in rectal cancer.

The ability of miRNA to predict rectal cancer recurrence after local excision has substantial
clinical significance. Currently, no reliable prognostic indicators exist for early-stage rectal
cancers. Assessment of a miRNA profile, for example at the time of a rectal lesion biopsy,
potentially could identify patients at high risk for cancer recurrence following local excision.
Such knowledge would help guide surgeons’ choice of therapy (local excision versus radical
resection). The local recurrence rate of 10–40% after local excision [24] makes it essential to
correctly identify high-risk patients so that they may undergo a more aggressive procedure.
On the other hand, patients who are found to be at low risk may be able to undergo a less
invasive procedure than previously planned, thereby sparing the significant morbidity
associated with radical surgery and improving quality of life [3, 10, 32]. In the future,
miRNA expression profiles may even be used to guide the need for adjuvant and
neoadjuvant therapy [25]. Furthermore, it has been shown that oncogenic miRNAs can be
inhibited in vivo to decrease cellular proliferation, making miRNAs a novel target for future
therapies [19, 21].
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These original findings should be interpreted while taking into account the study’s
limitations. First, this study’s size was relatively limited at 17 patients. Second, slightly over
half of the tumors in this study were clinically staged as T2. Although this was not
considered against standard of care during our study period, the number of T2 tumors in this
study likely overestimates the number that would have undergone local excision today. This
change in accepted management occurred largely due to studies published near the end of
our enrollment period which showed that the T2 recurrence rate was too great to advise local
excision as the standard of care [7, 14, 27]. Still, this does not seriously detract from the
main point of our study, being that there may be prognostic value in the molecular profile of
histologically benign tissue at the surgical margin. The study’s third limitation is that overall
rates of recurrence were somewhat high (25% for T1 and 22% for T2 tumors). However,
these rates were within the 10–40% range reported by other studies published during our
enrollment period [6, 22, 24]. Still, since the method of clinical staging was not standardized
in our study, it is possible that suboptimal staging accounts for these high recurrence rates.
Fourth, quantitative data measuring the distance of the analyzed benign tissue from
malignant tissue was not available due to the manner in which the tissue was obtained and
archived. Therefore, a conclusion could not be made regarding whether or not the miRNA
effect is distance-dependent. Instead, we are only able to conclude that histologically benign
tissue was found to be molecularly different than histologically malignant tissue. A final
limitation is that although the results presented here do support the possibility of using the
miRNA profile as a prognostic marker, it remains uncertain how to best utilize this
information in clinical practice. Further studies are needed to clarify the role of miRNA as a
prognostic indicator in rectal cancer.

In future studies, our lab plans to investigate the biological relevance of miRNAs found to
be upregulated in the benign tissue of recurrent patients. We plan to inhibit and overexpress
miRNAs in vitro in order to clarify their role in tumor growth. Demonstrating a causal role
in carcinogenesis would increase the validity of using miRNAs in prognosis. Other studies
have already shown success in inhibiting tumor growth (both in vitro and in vivo) through
‘antagomirs’ that inhibit specific oncogenic miRNAs [19, 29].

In conclusion, this the first study to show that the miRNA profile of histologically normal
tissue can provide important prognostic information regarding risk of recurrence in patients
with early-stage rectal cancer. Although much uncertainty regarding the clinical utility of
miRNA still exists, it seems likely that further research in this area will be vital in reducing
recurrence rates after local excision of rectal cancer.
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FIGURE 1.
Relative miRNA expression in benign and malignant tissue. Error bars represent the
standard error of the mean. **P < 0.00001.
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FIGURE 2.
Malignant tissue miRNA expression in recurrent and non-recurrent patients. The groups
exhibited no differences in expression (P > 0.05). Error bars represent the standard error of
the mean.
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FIGURE 3.
Benign tissue miRNA expression in recurrent and non-recurrent patients. Error bars
represent the standard error of the mean. *P < 0.05.
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FIGURE 4.
Representative hematoxylin and eosin stained slides of tissue at the tumor margin are shown
for a) non-recurrent and b) recurrent patients. All patients, both recurrent and non-recurrent,
had histologically normal rectal mucosa at the tumor margin.
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