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Objective: The aim of the study was to explore specific microRNAs (miRs)
in rectal cancer that would predict response to radiation and identify target
pathways that may be exploited for neoadjuvant therapies.
Summary Background Data: Chemoradiotherapy (CRT) response is a
predictor of survival in rectal cancer. Studies have demonstrated changes
in RNA expression correlate with chemoradiation sensitivity across cancers.
Methods: Forty-five rectal cancer patients, partial responders (PR ¼ 18),
nonresponders (NR ¼ 13), and complete responders (CR ¼ 14) to CRT, as
defined by a tumor regression score, were examined. miRs differentially
expressed, using NanoString microArray profiling, were validated with
qPCR. We quantified 1 miR and its downstream targets in patient samples.
Chemosensitivity was measured in HCT-116, a human colorectal carcinoma
cell line, using inhibitors of SHP2 and RAF.
Results: miR-451a, 502-5p, 223-3p, and 1246 were the most upregulated miRs
(>1.5-fold change) in a NanoString profiling miR panel. qPCR revealed a
decrease in expression of miR-451a in NRs. EMSY and CAB39, both downstream targets of miR-451a and involved in carcinogenesis (shown in TCGA)
were increased in NRs (qPCR). Both targets are associated with worse survival
in colorectal cancer. Inhibition of miR-451a in HCT-116 cells significantly
decreased cell proliferation with treatment of SHP2 and RAF inhibitors.
Conclusions: An integrated analysis of rectal cancer miRs may yield biomarkers of radioresistance and offer treatment targets for resensitization.
Keywords: miRNA, radiation therapy, rectal cancer
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received neoadjuvant therapy and obtained a complete clinical
response may be followed by a ‘‘watchful waiting’’ nonoperative
strategy.9 This trial is based on approximately 30% of patients
obtaining a complete pathological response following CRT. 8,10 In
this exciting shift in rectal cancer surgery paradigm, no validated
biomarkers are available to predict an individual’s response to CRT.
More significantly, neoadjuvant therapies that may reset radiation
sensitivity have not been identified.
Recent studies have examined microRNAs (miRs) to better
understand the molecular underpinnings of the pathogenesis, advancement, and outcomes associated with colorectal cancer (CRC).11
miRs are small noncoding RNA molecules that bind the messenger
RNA, mostly at the 30 -untranslated region (30 -UTR), and either
decrease the expression or stop translation of mRNA. miRs are
significant in multiple cancers, including colorectal cancer.12,13,14
miRs have been associated with chemoradiation resistance in CRC,15
esophageal carcinoma,16,17 small cell lung carcinoma,18 and gliomas.18 No study has identified a miR profile in rectal cancer to elicit
predictors of CRT response.
We therefore sought to identify a miR signature in samples of
rectal cancer patients stratified by radiation response. We hypothesized specific miRs would be differentially expressed between nonand partial responders. We aimed to validate this profile in a subset of
non-, partial, and complete responders. We also identified downstream genes of miRs upregulated in partial responders, and
exploited these target genes with potential neoadjuvant therapies.

I

n rectal cancer, the response to preoperative chemoradiotherapy
(CRT) is an important predictor of local tumor control and patient
survival.1 Advancements in rectal cancer therapy have established
the role of radiation therapy (RT) as an optimal treatment in the
neoadjuvant setting.2 –6,7 Concurrent implementation of chemotherapy further improves rate of local recurrence.8 Patients who have
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METHODS
Patient Selection
Patients were identified with a rectal cancer diagnosis from the
years 2000 to 2016 in the Oregon Colorectal Cancer Registry
(OCCR).19 The registry is maintained by Salem Hospital and the
Oregon Health & Science University, and catalogs patients treated
for colorectal cancer at both institutions. Investigational Research
Board (IRB) approval was granted for the study, and a written
informed consent was obtained from all participating patients.
Pretreatment formalin-fixed paraffin-embedded (FFPE) specimens,
posttreatment surgical FFPE specimens, and plasma are stored onsite. Patients were categorized as either non-, partial, or complete
pathological responders, based on a pathological tumor regression
score. Nonresponders had >50% tumor, partial responders had
<50%, and complete responders were identified with either no or
small singular cancer cells remaining on pathologic review.20

Tissue Collection
Pre- and posttreatment specimens were prepared on 5-mmthick FFPE slides, which were independently assessed by 2 pathologists. Pretreatment specimens were obtained at time of diagnosis.
Posttreatment specimens were obtained, following standard CRT and
surgical resection. Pretreatment specimens were used for miR
www.annalsofsurgery.com | 1
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profiling, and posttreatment surgical FFPE specimens were used for
confirmatory qPCR analysis. In patients with complete response, the
tumor bed was identified by scar tissue, which was used for analysis.
Macrodissection of slides was used. Slides containing >20% necrosis, or <50% tumor, were not used for study. Plasma samples were
collected at the time of surgery and stored at 808C.

RNA Isolation
miRs were isolated from FFPE patient slides, using an RNeasy
FFPE Kit (Qiagen catalog # 73504). miRs were isolated from patient
plasma, using mirRNeasy Plasma/Serum Kit (Qiagen cat#217184).
cDNA synthesis was performed, using the High Capacity cDNA
Reverse Transcription kit (Applied Biosystems, Cat#4368814). For
miR cDNA synthesis, specific miR primers were used, following the
Taqman Small RNA Assay Protocol. qPCR was performed with the
Taqman Gene Expression Assays (Applied Biosystems), using the
Applied Biosystems ViiA7 qRT-PCR instrument. miR values were
normalized to qPCR reactions performed in quadruplicate. miR
values were normalized to the Lifetech probes and primers (housekeeping control RNU48 or GAPDH, Life Technologies), using the
delta-delta CT method.21

MicroRNA Profiling
miRs isolated from 12 pretreatment FFPE specimens of 6 nonand 6 partial responders were compared using the NanoString Technology platform; 3 mL of RNAwas added to miRNA tag ligation reaction with
reporter and capture probes. Raw counts for each assay were collected
using NanoString’s data analysis application nSolver. Normalization of
the data was carried out using the NanoString nSolver analysis application, and each assay was normalized based on the mean counts of the 100
most-abundant miRNA. A total of 798 human miRs were profiled.
Upregulated and downregulated miRs with differences >1.5-fold between groups were identified. Among these 14 candidate miRs, those
significantly altered in CRC were the focus of further investigation.

Downstream Target Analysis
Using the Cancer Genome Atlas (TCGA) data, downstream
targets of miR-451a in CRC tumors were assessed.22 SurvExpress, an
online biomarker validation for cancer gene expression tool, was
used to better understand the target expression profiles.23

In Vitro Models
HCT-116 cells (American Type Culture Collection) were
cultured in McCoy’s media supplemented with 10% FBS and antibiotics. Cells were tested and found negative for mycoplasma
contamination before use in the assays described. Cells were reverse-transfected with miR-451a-5p mimics or inhibitors with their
respective controls (purchased from Life Technologies), using Lipofectamine RNAiMAX (Invitrogen) per manufacturer’s instructions.
We report highly efficient transfection (>90%) of mimics and
inhibitors in cell culture, as measured by fluorescent miR control.
Cells were irradiated in a Shepherd137 cesium irradiator at a rate of
1.34 cGy min. HCT-116 cells were initially transfected in a 6-well
plate. Cells were then transferred to a 96-well plate 16 hours posttransfection (2000 cells/well). In the chemosensitivity model, HCT116 cells were treated with SHP2 inhibitor (Cayman Chemical,
cat#20000) (3.5 mM), and RAF inhibitor (selective paradox breaker;
SelleckChem, cat#S7964) (20 mM) at 24 hours post transfection. Cell
proliferation was analyzed at 48 hours postirradiation, using Cell
Titer-Glo, per the manufacturer’s instructions.

Statistical Analysis
Clinicopathological data were collected, and response
groups were compared, using x2 tests and the Freeman–Halton
2 | www.annalsofsurgery.com
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extension of Fisher exact test. NanoString profiling was performed by a NanoString proof of concept study. Deidentified
specimens were sent to NanoString, and data were returned
normalized per standard protocol. Differences in gene expression
determined by qPCR among pathological non-, partial, and complete responders groups were evaluated with Mann-Whitney tests.
Correlations were calculated between miR-451a and downstream
genes stratified by response to CRT. Differences in serum treatment groups were evaluated with exact F tests from a multivariate
ANOVA. A significant difference was declared if the P value was
0.05. Marginal significance was declared if the P value was
>0.05, but 0.10. All analyses were completed with JMP 13 and
SAS 9.4.

RESULTS
We examined 45 patients who underwent treatment for rectal
cancer from 2000 to 2016 captured in the OCCR with available tissue
for exploratory analysis. There were a total of 13 nonresponders, 18
partial responders, and 14 complete responders. For 3 patients,
demographic data were not available. The level of response was
significantly different across pathological T-stage and marginally
significant for M-stage patients (Table 1).
Using NanoString profiling, we identified 4 upregulated miRs,
miR-451a, 502-5p, 223-3p, and 1246 (>1.5-fold change) (Fig. 1).
Prior data demonstrated significant influence of miR-451a in colorectal cancer in vitro and in vivo models24 (see Supplementary
Figures 1, 2, 3, http://links.lww.com/SLA/B286) miR-451a was
validated in our cohort out of the four upregulated mIRs shown
above. Exploration of posttreatment tissue was completed, using
qPCR. There was no significant difference between non- or partial
responders; there was, however, a slight increase in expression of
miR-451a in the partial responders (Fig. 2). Patient-matched posttreatment plasma was also assessed for miR-451a, and expression
was higher in the complete responders versus non- and partial
responders (Fig. 3).
Our prior in vitro and in vivo models demonstrated miR-451a
directly binds and downregulates CAB39 and EMSY24 (see Supplementary Figure 4, http://links.lww.com/SLA/B286). These 2 proteins
are expressed in 14% and 6% of CRC, which was associated with
worse survival.22 The expression profile of CAB39 and EMSY in our
patient cohort demonstrated a nonsignificant increase in the nonresponders when compared with partial and complete responders
(Fig. 4). Results of tissue and plasma expression of miR-451a and
genes are summarized in Table 2.
CAB39 and EMSY proteins are correlated with poorer overall
survival.22 Patients with increased CAB39 and EMSY are shown to
have upregulated in a number of signaling pathways, including RAF
kinases and SHP2 enzymes.22 We have demonstrated miR-451a
directly binds and downregulates CAB39 and EMSY24 (see Supplementary Figure 4, http://links.lww.com/SLA/B286). We inhibited
RAF and SHP2 in HCT-116 cells reverse-transfected with anti-miR451a. We found cells treated with SHP2, and RAF inhibitors
demonstrated a significant decrease in cell proliferation. Specifically,
the combined treatment of 20 mM RAF inhibitor and 3.5 mM SHP2
inhibitor was the most effective at preventing cell proliferation (P <
0.0001) (Fig. 5).

DISCUSSION
Our findings suggest miR-451a is a potential predictor of
radiosensitivity in rectal cancer. More importantly, we have identified downstream genes, CAB39 and EMSY, controlled by miR451a, that may be targetable by SHP2 and RAF inhibitors. Rectal
cancer patients with low miR-451a expression, who will potentially
ß
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TABLE 1. Study population demographics
Response
Variables
Sex
Male
Female
Missing
Age
<50
50
Missing
Tumor difference
Well
Moderate
Poor
Dysplasia
Missing
pT stage
T0
T1
T2
T3
T4
Missing
pN stage
N0
N1
N2
Missing
pM stage
M0
M1
Missing
Alive
Not alive
Missing

Total % (n ¼ 45)

None (n ¼ 13)

Partial (n ¼ 18)

Complete (n ¼ 14)

23 (51%)
19 (42%)
3 (7%)

5
6

11
7

7
6

16 (36%)
26 (58%)
3 (7%)

5
6

7
11

4
9

3
26
5
1
10

(7%)
(58%)
(11%)
(2%)
(22%)

2
7
2
0

1
10
2
1

0
9
1
0

13
4
6
16
3
3

(29%)
(9%)
(13%)
(36%)
(7%)
(7%)

0
0
2
8
1

0
4
4
8
2

13
0
0
0
0

28
8
6
3

(62%)
(18%)
(13%
(7%)

5
4
2

11
3
4

12
1
0

38
4
3
34
8
3

(84%)
(9%)
(7%)
(76%)
(18%)
(7%)

8
3

17
1

13
0

9
2

13
5

12
1

P
0.5918

0.8525y

0.7553y

<0.0001y

0.1031y

0.0550y

0.3761y

 2

x test.
yFisher–Freeman–Halton test (extension of Fisher exact test for a 3xk table).

have a limited response to CRT, may therefore benefit from the
addition of SHP2 and RAF inhibitors. Modulation of CRT response
will facilitate less invasive surgical treatment, such as local excision,
or a decision to omit surgery altogether.1,25,26 Rectal cancer surgery
is not a benign procedure, and has complications including, but
not limited to, fecal incontinence, permanent stoma, and risk of
anastomotic leak. The addition of radiation-sensitizing drugs to
neoadjuvant radiation therapy would, therefore, benefit rectal
cancer patients.
Multiple studies have validated miR-451a associations with
dysregulation of human malignancies, including lung, gastric, breast,
gliomas, and leukemia.27 Studies have reported miR-451a involvement in colorectal cancer tumorigenesis. In patient tissue samples,
miR-451a expression was associated with decreased cancer cell
proliferation and increased sensitivity to radiation.14 In that study,
authors proposed the mechanism of action of miR-451a was on
macrophage migration inhibitory factor (MIF), a proinflammatory
cytokine involved in innate immunity. Others corroborated these
findings by demonstrating that expression of miR-451a in colonospheres decreased tumorigencity via a similar pathway.15 Therefore,
miR-451a may act as a tumor suppressor or radiosensitizer, which is
supported by our findings. We have shown miR-451a expression
improves radiation treatment response within the in vivo and in vitro
models.24 We are the first to report on its predictive value in the
ß
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setting of radiation sensitivity in rectal cancer. We aimed to reproduce these findings in the plasma of our cohort, as prior reports have
identified a liquid biomarker to detect colorectal adenomas.28 Our
data suggest miR-451a plasma expression may also be a predictor,
and is easier and more cost-effective than tissue analysis. If this
finding is not reproduced in prospective studies, however, tissue
obtained at the time of diagnostic biopsy can still be used to quantify
miR-451a expression.
To understand the action of miR-451a at a proteomic level, we
interrogated proteins involved in CRC and tissue radiation sensitivity. Using a bioinformatics approach, we explored miRWalk, an atlas
of miR targets.29 EMSYand CAB39 were 2 proteins involved in CRC
and radiation sensitivity. CAB39, also known as calcium-binding
protein 39, is involved in STK11 activity and localization, thereby
influencing the PI3K/AKT signaling pathway, which is involved in
cell survival.30 It has been correlated to miR-451a in human glioma.30 EMSY is also closely involved with cancer development. In
vitro models demonstrate its inhibitor effects on BRCA2, which is
lost when mutations in BRCA2 are present.31 Within the TCGA,
CRC patients with CAB39 and EMSY mutations had a worse
survival, albeit they represent a small minority of CRC patients.22
This was similarly reflected in SurvExpress.23 CAB39 and EMSYare
therefore both likely negative prognosticators in rectal cancer. This
information was reflected in our patient population, specifically in
www.annalsofsurgery.com | 3

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

CE: D.C.; ANNSURG-D-17-00829; Total nos of Pages: 7;

ANNSURG-D-17-00829

Kelley et al

Annals of Surgery  Volume XX, Number XX, Month 2017

FIGURE 3. rmR-451a plasma concentration profile in posttreatment non-, partial, and complete responders.

FIGURE 1. NanoString miR panel generated from 6 non- and 6
partial responders pretreatment.

individuals who were nonresponders. There was a higher expression
of CAB39 and EMSY miRs in the nonresponders when compared
with the partial and complete responders. This was supported in the
tissue array data, where CAB39 and EMSY were upregulated in CRC
tissue, but not normal tissue specimens.
Based on our findings, CAB39 and EMSY, negative prognosticators of rectal cancer, are likely associated with the upregulation of
SHP2 and RAF. SHP2 and RAF are targetable enzymes involved in
tumorigenesis pathways. SHP2 is a nonreceptor protein tyrosine

FIGURE 2. miR-451a expression profile in posttreatment tissue
of non- and partial responders.
4 | www.annalsofsurgery.com

phosphatase, encoded by PTPN11.32 It is intricately involved in the
RAS/ERK signaling pathway.33,34 Activating mutations of SHP2 are
found in multiple cancer subtypes, including lung and breast cancer.35,36 SHP2 inhibitors suppress tumor cell growth by targeting
enzymes upstream from BRAF, which acts to sensitive concurrent
treatment with vemurafenib.37,38 Although this compound is still in
study, there exists a selective and orally bioavailable SHP2 inhibitor
that may be used in a select patient cohort.39,40 BRAF is a wellknown enzyme in the RAF family, mutated in CRC MSI-H patients.
It is currently the focus of numerous studies using FDA-approved
BRAF inhibitors. BRAF mutations result in downstream activation
of MEK and ERK, which stimulates growth-promoting gene products.41,42 Unfortunately, CRC studies of RAF inhibitors reported
incidences of tumor resistance, likely secondary to the redundant
networks of the MAP kinase pathway.42 Recent work on a pan-RAF
inhibitors has demonstrated improved antitumor activity in CRC
BRAF-mutated human models, providing additional hope for this
therapeutic intervention.43 Our data suggest that in individuals with

FIGURE 4. Downstream target protein expression profile in
posttreatment non-, partial, and complete responders.
ß
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TABLE 2. PCR quantification of posttreatment tissue and plasma miR-451a, CAB39, and EMSY
Response
miR
miR-451a
Tissue (mean delta-CT, SD)
Plasma (mean delta-CT, SD)
CAB39
Tissue (mean delta-CT, SD)
EMSY
Tissue (mean delta-CT, SD)

Total % (n ¼ 45)

None (n ¼ 13)

Partial (n ¼ 18)

Complete (n ¼ 14)

P

43
17

0.0747 (0.1163)
1.8878 (1.7501)

0.1275 (.2122)
1.5567 (1.1662)

0.1748 (.3818)
5.6908 (6.4993)

0.2111
0.6437

35

0.5109 (0.6180)

0.2082 (.1524)

0.2360 (.1836)

0.4820

37

0.6875 (1.185)

0.1326 (.1804)

0.1541 (.2134)

0.5275



Mann-Whitney test.

decreased or inhibited miR-451a expression, treatment with SHP2
and RAF inhibitors would decrease cell survival. Therefore, in
individuals with low miR-451a who are likely poor RT responders,
the addition of SHP2 or RAF inhibitors to the neoadjuvant treatment
profile may reset the radiosensitivity of the tumor and improve
RT response.
Our research is limited. Owing to the retrospective nature of
this study, we were not able to obtain all pre- and posttreatment
specimens for analysis. Pretreatment tissue would have ideally been
used for validation of the miR profile. In addition, our miR profile is
not complete, as the complete responders would have provided more
insightful data. Although we attempted profiling compete responders, sample hybridization and quality control were unsatisfactory. We
examined 1 miR in our generated profile, based on our biostatistical
exploration of the TCGA. We plan to explore additional miRs in our
profile. The majority of our experiments were completed using
colorectal cell lines, particularly HCT-116. We attempted replication
of gain and loss experiments in rectal cancer lines (SW837 and
SW1463), which both failed to proliferate after transfection. We are
currently expanding our research to include patient tissue-derived
tumor cell and organoid cultures.
Future work will address these issues with prospective tissue
and plasma sample collection to correlate miR-451a, CAB39, and
EMSY in preoperative tissue biopsy, postoperative tissue samples,
and normal colon. Multi-institutional collaborations are being established to increase our tissue and plasma repository. We are the first to
demonstrate a trend of miR-451a expression in tissue and plasma as a
predictor of radiation sensitivity. We have proposed mechanisms by
which radiation response can be reset. Additional studies will clarify
the role of SHP2 and RAF inhibitors on CAB39 and EMSY pathways. Clarifying a subset of patients with sensitivities to SHP2 and
RAF inhibitors in a phase I trial should be anticipated, with eventual
clinical application to improve CRT response in rectal cancer.

FIGURE 5. Resetting radiosensitivity in HCT-116 cell lines with
treatment of SHP2 and RAF inhibitors.
ß
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DISCUSSANTS
Dr. Susan Galandiuk (Louisville, KY):
Dr. Tsikitis and colleagues have presented an interesting study
that evaluates microRNA expression in both tissue and plasma of
rectal cancer patients who have undergone chemoradiation and
attained either a complete, partial, or no response following this
treatment. This is an important field of investigation because of the
increasing utilization of this watch-and-wait approach to treating
patients with apparent complete response with observation alone
without surgery. It is a dilemma for both the patient and the surgeon
not knowing for certain if a complete response has occurred.
Similarly, in those patients with a partial response, it would be
very desirable to have an intervention that would enable them to
achieve a more complete response. Many studies are aimed at
identification of biomarkers that would accurately identify individuals that are likely undergo a complete response or, as in this present
article, identify ways of modifying this response. I think we will see
many more such studies in the future.
I have several questions for the authors.
In the manuscript, the authors describe the Nanostring technology that they have used for microRNA screening. This was done
on tissue samples; however, they do not accurately describe how this
tissue was obtained. Was this done using laser capture microdissection or was this done using macro dissection?
During the screening process for using the 798 human microRNA, the authors generated a panel of 14 microRNA by comparing
the partial responders to the nonresponders. Why were the complete
responders not compared with the nonresponders?
Pretretreatment specimens were used for screening; however,
posttreatment surgical FFPE specimens were used for confirmatory
qPCR analysis. Why was the confirmatory analysis not performed on
the same pretreatment specimens?
Among the differentially expressed microRNA, in the manuscript you describe that 9 of 14 were upregulated >1.5 fold when
comparing partial to nonresponders, whereas 5 of 14 were downregulated. Why did you only focus on the upregulated microRNA?
For example, one of the miRNA you describe, microRNA 1253, was
downregulated almost 15-fold, whereas miR-451 that you focused on
was only upregulated 1.7-fold. Also, when you discuss these microRNA, there is no mention as to what the significance of the fold
change was.
Along these same lines, why did you only focus on 1 of the 9
upregulated microRNA? Some of the other upregulated microRNA
had much higher fold changes than miR-451 that you described.
My last question focuses on the use of the HCT-116 cell line
used for the in vitro model. This is a hereditary nonpolyposis colon
cancer cell line that is microsatellite instable. Why did not you use a
sporadic rectal cancer cell line?
Thank you for the opportunity to discuss this article.

Response from Dr. Vassiliki L. Tsikitis (Portland,
OR):
Thank you, Dr. Galandiuk, for your excellent comments and
discussion. To address your first question on how we obtained the
tissue, we did microdissection. Our quality indicator was not to
include slides that had >20% necrosis, we wanted to work on slides
that have high percentage of tumor.
When it comes to the question of between complete, partial,
and nonresponders, we did do this comparison analysis with the
complete responders. I was very skeptical on analyzing the tissues of
complete responders because we’re dealing with a scar/necrotic
tissue and not certain on how to interpret those results. We did
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see however overexpression of the miR-451a. We were reassured on
the interpretation of our results when we observed the over expression of the miR-451a in the plasma of complete responders as we
demonstrated in our presentation.
When it comes to your question on the pretreatment versus the
posttreatment tissue validation analysis, we used the Nanostring
technology and obtained our microarray signature from the pretreatment tissue; we used the the posttreatment tissue for the qPCR; it was
a limitation of our study. We had pretreatment biopsies, and not
enough tissue to continue with validation therefore we used surgical
posttreatment tissue of the same patients to validate our microarray.
Excellent point about the miR signature, our goal is to analyze
all those miRs. We concentrated on 451 because we have prior in
vitro and in vivo analysis on 451 that has been extremely interesting
and encouraging for us to proceed with functional gains and losses of
that miR. And Kate Kelley, my wonderful resident who did an
outstanding job during her 1 year in the laboratory, has concentrated
on that 1 miR to study and understand its functional gains and losses.
We will proceed with exploring the other miRs in our
microarray signature.
Right on your point with the HCT-116 cell line, you are
absolutely right. We did do a lot of our studies also in SW-480
and 620. We purchased a rectal cell line; however, it did not
proliferate in cell culture; currently we have a couple of our patients’
tissues that we have grown cell cultures from and we are working on
validating our presented study findings on those cultures.
I think that wraps up your questions. Thank you so very much.

Dr. David Allison (Toledo, OH):
This is a very nice study. I have 2 questions: first, were the
microRNA patterns associated with sensitivity or resistance randomly acquired during the somatic mutations or other genetic changes
associated with transformation and progression? Alternatively, were
these microRNA patterns reflecting the genetic backgrounds of the
patient’s normal cells? If the latter is true, is it possible that some
patients’ tumors may be intrinsically sensitive to radiation and other
patients’ tumors intrinsically resistant to radiation based on differences in the normal genomes? Second, very complex differences
have been found between the gene expression patterns of normal and
tumor cells growing in vivo and in vitro. Did you find similar and
stable microRNA patterns for cells grown in vivo and in vitro, or did
these patterns also vary with the growth stated? The answer to this
question might give some insights into the basic mechanisms governing gene expression. I enjoyed your presentation.

Response from Dr. Vassiliki L. Tsikitis (Portland,
OR):
We did see overexpression of 451 in vivo. We followed the in
vivo results with xenografts study (submitted) and then proceeded
with human tissue. Now, if we had explored all the miRs in our
signature very likely some of the miRs may not have been validated
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with qPCR. We concentrated on the miR-451a because we did find
promising results.

Dr. Allesandro Fichera (Seattle, WA):
I wanted to follow up on what Dr. Galandiuk just asked. We
are looking at complete responders for nonoperative management in
rectal cancer. We are also looking at eliminating radiation altogether
and replacing it with definitive chemotherapy in the neoadjuvant
setting. Have you looked at the mRNA signature in terms
of chemosensitivity?

Response from Dr. Vassiliki L. Tsikitis (Portland,
OR):
We do have samples of patients that have shown significant
response just to neoadjuvant chemotherapy. We have not had the chance
to do that yet on those samples, but definitely something to investigate.

Dr. David Shibata (Memphis, TN):
Congratulations on a great talk. It is very tough to work with
the TCGA database. I congratulate you on doing that. It is quite
a feat.
I am going to recapitulate a little bit what Dr. Galandiuk had
mentioned about the use of posttreatment samples. I caution you in
using some of that, particularly the tissues, because I think you have to
look at your mouse models as well because you can have clonal
selection as tumors respond to treatment, right? So the expression you
see posttreatment may not reflect what you can use as a biomarker or a
treatment target pretreatment. I think that is very important.
The other question along those lines that I have for you relates
to the fact that you saw a microRNA 451a increase in the serum of
posttreatment patients. Now, you are presuming that this is coming
from the tumor but you have complete responders. If you are
measuring the expression levels in the tumor, but then you are saying
that may be coming from another source, where is that source?

Response from Dr. Vassiliki L. Tsikitis (Portland,
OR):
Very good point. On your first question about posttreatment, you
are absolutely correct. I mean, to be able to say that I have a predictive
marker to response to therapy, I need to have pretreatment tissue pretreatment plasma and that is what we are trying now to collect and study.
With your second point, you are correct. I understand this off
the press and not presented today but we have examined plasma
levels of miR-451a of normal non cancer individuals, and compared
it with the cancer patients, ones that responded, partially responded,
and not responded, and we see higher expression of the miR on the
normal plasma. So it may be 451a is not just so much that it is
modified by radiation, but maybe some of us individuals may have a
higher of this level of the antioncomir that leads the tissue to greater
response to radiation therapy. Again if that is true, then this miR
could be a potential predictor to radiation treatment.
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