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Purpose: Tumor deposits (TDs) are acknowledged negative prognostic factors in colorectal
cancer (CRC), and their pathogenesis remains a puzzle. This study aimed to construct and
validate a nomogram available for preoperative TDs prediction in CRC patients.

Patients and Methods: Patients from the Surveillance, Epidemiology, and End Results (SEER)
and the cancer genome atlas (TCGA) databases were randomly divided into training and validation
sets according to the sample size ratio of 7:3. Univariate logistic regression was performed for
identifying differentially expressed microRNAs between TDs and non-TDs. Nomograms for TDs
prediction were developed from the multivariate logistic regression model with least absolute
shrinkage and selection operator and were validated internally in terms of accuracy, calibration,
and clinical utility. Based on the target genes, pathways tightly associated with TDs were selected
using enrichment analysis.

Results: Six clinicopathologic factors and expressions of six microRNAs (miR-614, miR-1197,
miR-4770, miR-3136, miR-3173, and miR-4636) differed significantly between TDs and non-TDs
CRC patients from the SEER and TCGA training sets. We compared potential prediction discri-
mination between two nomograms: a clinicopathologic nomogram and a six-microRNA signature
nomogram. The six-microRNA signature nomogram revealed better accuracy than the clinico-
pathologic one for TDs prediction (AUC values of 0.96 and 0.93 in the validation cohort). The
calibration plots and decision curve analysis demonstrated that the six-microRNA signature
nomogram had better validity and a greater prognostic benefit versus the clinicopathologic one
for TDs prediction. Calcium signaling pathways were closely associated with roles of the six
microRNAs in TDs of CRC patients.

Conclusion: The six-microRNA signature nomogram can be used as an efficient tool for
preoperative TDs prediction in CRC patients.
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Introduction
Colorectal cancer (CRC) is the third most frequently diagnosed cancer and the second
leading cause of cancer death worldwide in 2020, causing an estimated 1.9 million new
cases and 935,000 deaths every year.! Radical surgery and chemoradiotherapy remain
valid options for CRC patients. Notably, site-specific factors have been constantly
introduced into the tumor node metastasis (TNM) staging system of the American Joint
Committee on Cancer (AJCC) for better prognostic prediction and guidance of adjuvant
therapies.”

The earliest identification of site-specific factors includes tumor deposits (TDs),
characterized by discrete tumor nodules (without residual lymphoid tissue) present

Received: 11 November 2021
Accepted: 29 December 2021
Published: 18 January 2022

International Journal of General Medicine 2022:15 675-687 675
© 2022 Xiao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:chenzhikang1974@126.com
mailto:chenl_csu@126.com
mailto:chenl_csu@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Xiao et al

Dove

in peri-colorectal fatty tissue and along the lymphatic
drainage pathways.>* TDs was first observed in rectal
carcinoma by Gabriel in 1935.° Until recently, TDs was
detected in many neoplasms other than colorectal carcino-
mas, like gastric, biliary, and pancreatic carcinomas.® But
growing evidence supports the presence of TDs to be an
independent prognosis factor in CRC, regardless of lymph
node metastasis, leaving behind much debate on the gen-
esis and roles of TDs therein.” '® Limited by the current
appraisal of TDs that is available as a postoperative patho-

1L12 we are almost nowhere near

logical examination only,
an accurate TDs assessment before the operation. An easy
and fast preoperative prediction using gene panels and
CRC hallmarks may help tackle this issue.

Genomic and transcriptomic technology upgrades pro-
vide universal access to gene screening, including
microRNAs (miRNAs), for diagnostic biomarker identifi-
cation for cancers. miRNAs are a category of small endo-
genous noncoding RNA molecules frequently detectable in
human blood."*'* They regulate cancer-related gene
expression post-transcriptionally and are reported to
serve as potential noninvasive indicators for the diagnosis
and prognosis of malignancies.">'® But it is unknown
why miRNA signatures for TDs prediction have not been
reported in preexisting CRC studies.

In the article, we aimed to identify clinicopathologic and
miRNA biomarkers and compare their efficacy in preoperative
TDs prediction. We extracted baseline data on clinicopatholo-
gic information and miRNA sequencing of CRC patients from
the Surveillance, Epidemiology, and End Results (SEER) and
the cancer genome atlas (TCGA) databases. Based on the
selected clinicopathologic factors and miRNAs tightly asso-
ciated with TDs, we developed two candidate nomograms and
validated their discrimination power in differentiating TDs
from non-TDs. Besides, biofunctions and pathways involved

in the pathogenesis of TDs were discussed.

Patients and Methods

Data Preparing and Preprocessing

We identified 137,879 patients who were diagnosed with color-
ectal carcinomas and underwent radical surgery between 2010
and 2015 from the SEER database of the US National Cancer
Institute (http://seer.cancer.gov/), a publicly accessible data-

base allowing access to 18-regional or statewide cancer
statistics.”> We excluded 7579 patients with no follow-up
information, 1022 with unknown race, 77,197 with no detailed
clinicopathologic documentation (eg, TDs, tumor size, TNM

stage, tumor grade, positive lymph node count, number of
regional nodes examined, circumferential resection margin
[CRM], and perineural invasion [PI]), and 19,821 with missing
data regarding serum carcinoembryonic antigen (CEA) and
chemoradiotherapy data from the analysis. And this process
resulted in a SEER cohort of 32,260 patients. In addition, we
also downloaded data on 118 CRC patients with exact TDs
status and other information from TCGA (https://portal.gdc.
cancer.gov), another authoritative database with clinicopatho-
logic information and RNA expression profiles. Finally, each
eligible cohort was randomly split into a training and
a validation set (ratio 7:3) (Figure 1). Comparisons of baseline
characteristics between the two sets were performed using the
Chi-square test and Fisher’s exact test.

Variable Selection Method

Univariate logistic regression analysis was employed to ana-
lyze differences in patient demography, clinical characteristics,
and histopathological features between TDs versus non-TDs
cases from SEER. MiRNAs and genes differentially expressed
between TDs and non-TDs CRC patients from TCGA were
filtered based on the cutoff criteria of the p-value < 0.05 and
[log, fold change (FC)| > 1 using DESeq2 package. The
expression profiles and distribution of differentially expressed
miRNAs (DEMis) and genes (DEGs) were visualized into
heatmaps and volcano plots, respectively.

The least absolute shrinkage and selection operator
(LASSO) method is commonly used to overcome multi-
collinearity in high-dimensional regression.”' Here, we per-
formed a LASSO regression modeling to select DEMis and
TDs-related clinicopathologic variables for predictive nomo-
gram building. Specifically, we assumed the candidate
miRNA signature and clinicopathologic variables were asso-
ciated with TDs. The risk score was calculated based on the
expression level of miRNAs and their regression coefficients
as follows: risk score = (0.1269 xmiR-614) + (0.8450 xmiR-
1197) + (1.3584 xmiR-4770) + (=2.1202 xmiR-3136) +
(~1.1673 xmiR-3173) + (=0.2194 xmiR-4636).

Classification Models Fitting and

Validation

Relevant data from the training cohort were subjected to
multivariate logistic regression, upon which two nomo-
grams (ie, a six-miRNA signature nomogram and
a clinicopathologic nomogram) for TDs prediction in
CRC were built using rms package. Their accuracy and

discriminative ability were evaluated in training and
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Figure | Flowchart of variables selection and models construction.

testing sets by the area under the receiver operating char-
acteristic (ROC) curve (AUC) and calibration curves.
Decision curve analysis (DCA) was conducted to evaluate
the clinical application value of these models in the TCGA
cohort using rmda package.

MiRNA-Targeted Gene Prediction and

Functional Enrichment Analysis

We predicted target genes associated with the signature
using TargetScan, miRDB, and miRTarBase algorithms,
and those present in at least 2 of the 3 databases were
screened out. The genes additionally interacting with TDs-
related DEGs were selected for the Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGQ)
pathways enrichment analysis. We mapped networks
between the miRNA signature and overlapped genes
using Cytoscape software version 3.7.2. All statistical
analyses were conducted using R version 3.5.2 software
(http://www.r-project.org/). In all tests, p-value < 0.05

(two-tailed) was considered statistically significant.

Results

Characteristics of the Study Population

Finally, 32,260 patients from SEER and 118 TCGA
patients were enrolled. The incidence of TDs was similar
in both cohorts, of 9.8% in the SEER cohort and 11% in
the TCGA cohort. Subsequently, each cohort was ran-
domly divided into a training and validation set according
to the sample size ratio of 7:3. Clinicopathological char-
acteristics of the training and validation sets are summar-
ized in Table 1, demonstrating no significant difference

TCGA cohort
(118, TD 13 vs. no TD 105)

N

Training set

The differentially expressed miRNAs
Multivariate LASSO logistic regression

Validation set

e i e e e

6-miRNAs predictive model
e (MiR-614. MiR-1197. MiR-4770. miR-

3136. miR-3173, miR-4636)

between both sets regardless of data source (p-value > 0.05
for all variables).

Clinicopathologic Risk Factors for TDs

Prediction

The univariate logistic regression of the SEER training
cohort initially identified the following candidates asso-
ciated with TDs, including age, tumor size and location,
pathologic T stage, lymph node metastasis (LNM), distant
metastasis (DM), number of regional nodes examined,
serum CEA, PI, CRM, and chemoradiotherapy (all
p-value < 0.05; Table 2). Six optimal TDs-risk predictors
for a multivariate logistic regression model with LASSO
were confirmed (Supplementary Figure 1), incorporating

higher T stage, positive lymph node count, DM, elevated
CEA, PI, and neoadjuvant chemotherapy (Table 2).
Therefore, a clinicopathologic diagnostic nomogram for
preoperative TDs anticipation was developed for subse-
quent discrimination power comparisons.

Construction of TDs-Related miRNA

Signature

We first used volcano plot analysis to identify TDs-related
miRNAs (FC > 1.0 and p-value < 0.05) and recognized 38
DEMis and 1283 DEGs between TDs and non-TDs using the
TCGA training set. Among them, 13 DEMis and 885 DEGs
were upregulated, and 25 DEMis and 398 DEGs were down-
regulated. Their expression profiles were visualized by heat-
maps, as shown in Figure 2. Then, predictive feature
selection was carried out with LASSO, and six DEMis with
non-zero coefficients were identified by logistic regression
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Table | Characteristics of Training Sets and Validation Sets of the SEER Cohort and TCGA Cohort

Variables SEER Cohort TCGA Cohort
Training Set Testing Set P value | Training Set Testing Set P value
(N=22681) (N=9579) (N=88) (N=30)

TDs Negative | 20,434 (90.1%) 8665 (90.5%) 0.323 77 (87.5%) 28 (93.3%) 0.587
Positive | 2247 (9.9%) 914 (9.5%) I (12.5%) 2 (6.7%)

Age <60 8069 (35.6%) 3393 (35.4%) 0.791 22 (25.0%) 12 (40.0%) 0.117
>60 14,612 (64.4%) 6186 (64.6%) 66 (75.0%) 18 (60.0%)

Gender Male 11,721 (51.7%) 4918 (51.3%) 0.589 49 (55.7%) 14 (46.7%) 0.52
Female 10,960 (48.3%) 4661 (48.7%) 39 (44.3%) 16 (53.3%)

Race White 17,648 (77.8%) 7463 (77.9%) 0.777 71 (80.7%) 29 (96.7%) 0.0705
Black 2610 (11.5%) 1116 (11.7%) 17 (19.3%) I (3.3%)
Other 2423 (10.7%) 1000 (10.4%) - -

Location Colon 18,772 (82.8%) 7897 (82.4%) 0.492 63 (71.6%) 23 (76.7%) 0.762
Rectum | 3909 (17.2%) 1682 (17.6%) 25 (28.4%) 7 (23.3%)

Tumor size <2cm 1917 (8.5%) 809 (8.4%) | - -
2 2cm 20,764 (91.5%) 8770 (91.6%) = =

Grade 1l 18652 (82.2%) 7982 (83.3%) 0.019 - -
nnv 4029 (17.8%) 1597 (16.7%) — —

T stage TI 1689 (7.4%) 751 (7.8%) 0.619 I (1.1%) 3 (10.0%) 0.113
T2 3490 (15.4%) 1464 (15.3%) 17 (19.3%) 7 (23.3%)
T3 13,762 (60.7%) 5768 (60.2%) 57 (64.8%) 17 (56.7%)
T4 3740 (16.5%) 1596 (16.7%) 13 (14.8%) 3 (10.0%)

LNM 0 13,290 (58.6%) 5650 (59.0%) 0.613 49 (55.7%) 17 (56.7%) 0.483
1-3 5870 (25.9%) 2495 (26.0%) 24 (27.3%) Il (36.7%)
4-6 1929 (8.5%) 775 (8.1%) 5 (5.7%) 1 (3.3%)
27 1592 (7.0%) 659 (6.9%) 10 (11.4%) I (3.3%)

DM No 19,804 (87.3%) 8427 (88.0%) 0.106 74 (84.1%) 27 (90.0%) 0.621
Yes 2877 (12.7%) 1152 (12.0%) 14 (15.9%) 3 (10.0%)

Examined <15 8440 (37.2%) 3533 (36.9%) 0.585 33 (37.5%) 7 (23.3%) 0.233
>15 14,241 (62.8%) 6046 (63.1%) 55 (62.5%) 23 (76.7%)

CEA Negative | 13,380 (59.0%) 5731 (59.8%) 0.166 59 (67.0%) 23 (76.7%) 0.448
Positive | 9301 (41.0%) 3848 (40.2%) 29 (33.0%) 7 (23.3%)

CRM Negative | 19,500 (86.0%) 8246 (86.1%) 0.8l - -
Positive | 3181 (14.0%) 1333 (13.9%) - -

(Continued)
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Table | (Continued).
Variables SEER Cohort TCGA Cohort
Training Set Testing Set P value | Training Set Testing Set P value
(N=22681) (N=9579) (N=88) (N=30)
Pl Negative | 19,925 (87.8%) 8371 (87.4%) 0.258 58 (65.9%) 21 (70.0%) 0.852
Positive | 2756 (12.2%) 1208 (12.6%) 30 (34.1%) 9 (30.0%)
Radiotherapy No 19,778 (87.2%) 8283 (86.5%) 0.0779 - -
Yes 2903 (12.8%) 1296 (13.5%) - -
Chemotherapy | No 12,291 (54.2%) 5218 (54.5%) 0.65 50 (56.8%) 17 (56.7%) |
Yes 10,390 (45.8%) 4361 (45.5%) 38 (43.2%) 13 (43.3%)

Abbreviations: TDs, tumor deposits; LNM, lymph node metastasis; DM, distant metastasis; Examined, examined lymph node number; CEA, carcinoembryonic antigen;

CRM, circumferential resection margin; Pl, perineural invasion.

(Supplementary Figure 1), incorporating miR-614, miR-
1197, miR-4770, miR-3136, miR-3173, and miR-4636.
Finally, a multivariable logistic regression model was devel-

oped to generate a six-miRNA-based classifier for predicting
TDs status based on these DEMis. The signature-based pre-
dictive risk score could be calculated by multiplying their
regression coefficients as follows: risk score = (0.1269
xmiR-614) + (0.8450 xmiR-1197) + (1.3584 xmiR-4770) +
(—2.1202 xmiR-3136) + (-1.1673 xmiR-3173) + (-0.2194
xmiR-4630).

Construction and Validation of a
Six-miRNA Nomogram for TDs

Prediction

The nomograms for performance comparisons were con-
structed using data from the validation cohort. As for clin-
icopathologic nomogram building, the total risk score was
used and described by the sum of risk scores for all categories
selected through the multivariate LASSO logistic regression
analysis of the SEER training cohort. A total score repre-
sented the probability of TDs risk of the patient. Similarly,
the miRNA signature was constructed using miRNA sequen-
cing data from the TCGA training cohort (Supplementary
Figure 2). ROC curves for analysis of their prediction per-
formances showed that the AUCs of the clinicopathologic
nomogram in preoperative TDs anticipation were 0.79 and
0.77 in the SEER training and SEER testing cohorts, respec-
tively (Figure 3A). The AUCs for the six-miRNA signature
nomogram were 0.96 and 0.96 in the TCGA training and
TCGA testing cohorts (Figure 3B). Then, we further applied
the clinicopathological model and the six-miRNA model to

the TCGA cohort, and the AUCs was 0.93 and 0.96
(Figure 3C), respectively. Moreover, the calibration curves
of both models exhibited high consistency between the
observed and predicted results (Supplementary Figure 2).

ROC curves and calibration plots for the accuracy and valid-
ity among two models demonstrated the best agreement
between predicted and observed probability in the six-
miRNA signature nomogram (Figure 3C and D and
Supplementary Figure 2). In order to further verify this result,

we have made the DCA curves of two models, and the results
show that if the threshold probability was lower than 55%,
the six-miRNA nomogram could add more net prognosis
benefits to more accurate anticipation than the clinicopatho-
logic nomograms (Figure 3E). So, the six-miRNA signature
showed a better prediction.

Identification of Target Genes Associated
with the Six-miRNA Signature and Biological

Pathways Involved

To unveil the roles of the six DEMis screened for the
signature, we predicted their target genes from the above
miRNA-related databases, and those reported in at least 2 of
the 3 databases and also interacting with TDs-related DEGs
were recognized as target genes. The Venn diagrams yielded
two overlapping genes associated with miR-614, four with
miR-1197, ten with miR-4770, 16 with miR-3136, 23 with
miR-3173, and one with miR-4636. They were identified
through the overlap between 1505 DEGs and 1373 DEMis
target genes (Figure 4). The regulatory networks revealing
associations between target genes and each DEMi were
visualized by Cytoscape, as shown in Figure 5.
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Table 2 Univariate and Multivariate Logistic Regression Analysis of TDs-Related Clinicopathologic Factors in Training Set

Variables Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysis
Odd Ratio P value Odd Ratio P value

Age <50 Reference <0.001 - -
50-70 0.70 -
270 0.53 -

Gender Male Reference 0.569 - -
Female 0.97 -

Race White Reference 0618 - -
Black 1.02 -
Other 0.94 -

Location Colon Reference 0.006 - -
Rectum 1.17 -

Tumor size <2cm Reference <0.001 - -
= 2cm 247 -

Grade 1/ Reference <0.001 - -
v 1.70 -

T stage TI Reference <0.001 Reference <0.001
T2 231 2.04
T3 9.10 4.23
T4 21.99 6.80

LNM Reference <0.001 Reference <0.001
1-3 3.78 2.09
4-6 591 2.53
=7 771 2.84

DM No Reference <0.001 Reference <0.001
Yes 439 1.83

Examined <I5 Reference <0.001 - -
>|5 0.77 -

CEA Negative Reference <0.001 Reference <0.001
Positive 2.12 1.22

CRM Negative Reference <0.001 - -
Positive 2.00 -

Pl Negative Reference <0.001 Reference <0.001
Positive 4.17 2.09

Radiotherapy No Reference <0.001 - -
Yes 1.28 -

Chemotherapy No Reference <0.001 Reference <0.001
Yes 4.03 1.92

Abbreviations: TDs, tumor deposits; LNM, lymph node metastasis; DM, distant metastasis; Examined, examined lymph node number; CEA, carcinoembryonic antigen;

CRM, circumferential resection margin; Pl, perineural invasion.

We performed enrichment analysis for target genes to
understand potential functions and pathways related to the
six DEMis. The results showed that regulation of

membrane potential, transmembrane transporter complex,
and substrate-specific channel activity were the top
enriched terms regarding biological processes (BP),
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Figure 2 Differentially expressed of miRNAs and genes. Heatmap (A) and volcano plot (B) visualized the differentially expressed miRNAs between CRC patients with and
without TDs. Heatmap (C) and volcano plot (D) visualized the differentially expressed genes between CRC patients with and without TDs. The blue patches and dots
represented the downregulated miRNA and genes; the red patches and dots represented the upregulated miRNA and genes, and the gray dots represented the miRNA and

genes without differential expression.

cellular components (CC), and molecular functions (MF)
(Figure 5). The KEGG analysis revealed that the calcium
signaling pathway were robustly enriched in the target
genes (Figure 5).

Discussion

TDs have been well accepted as an important negative
prognostic factor in CRC and were the first to be intro-
duced to the 5Sth edition of the AJCC/TNM staging system
for CRC.?? Frequent modification of the definition of TDs
in the latter staging systems over the years also highlighted
the importance of TDs in cancer prognosis and
management.*** However, its origin and possible mechan-
ism in CRC remain controversial. Restrained by current
sampling and examination techniques, we have no access
now to preoperative prediction of TDs status in cancer

patients.

Specific biomarkers that allow a fast and readily eva-
luation of TDs status may help tackle this issue. This study
produced a clinicopathologic nomogram (composed of six
risk factors: T stage, LNM, DM, CEA, PI, and neoadjuvant
chemotherapy) and a six-miRNA signature nomogram
(composed of six miRNA). By comparing the AUCs:,
DCA curves and calibration plots between the two models,
we successfully prove that the six-miRNA signature
nomogram had better validity and a greater accuracy ver-
sus the clinicopathologic one for TDs prediction.

For all the efforts to upgrade the knowledge about
24727 we still fall far short of

predictors for TDs, particularly those targeting its origin.

prognostic values of TDs,

Some researchers consider they are potentially positive
lymph nodes that are no longer identifiable due to total
substitution by tumor metastasis.”*?° Some believe that

TDs should be regarded as a systemic disease rather than
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a local disease as it represents a unique metastasis mode

within or along vessels, nerves, or lymphatic
channels.”®>° Nevertheless, although the origin of TDs
remains unclear, the 7th and 8th editions of the TNM/
AJCC system give an explicit classification for TDs:
isolated tumor foci without histologic evidence of
a residual lymph nodule identified in the pericolic or
perirectal adipose tissue away from the primary
tumors.>*® And the 8th edition added a clarification
that if any vascular or neural structure was recognizable,
the nodes should be classified into lymphovascular inva-
sion (LVI) or perineural invasion (PI) correspondingly.
These indicate that TDs identification relies on histo-

pathological techniques, 12

such as H&E staining.
Unfortunately, current imaging tools and clinical para-
meters fail to provide access to preoperative TDs recog-
like MRI texture

analysis or phenotype determinations that have been

nition. Despite some techniques

introduced to roughly assess the TDs status, an accurate

prediction shaping personalized TDs features remains an
arduous task.>'>*

A predictive nomogram is currently an efficient tool to
improve preoperative TDs prediction and investigate related
mechanisms. Our nomogram incorporated six-gene risk score
system (miR-614, miR-1197, miR-4770, miR-3136, miR-
3173, and miR-4636) and exhibited satisfactory performances
in high-risk group identification. The six clinicopathologic risk
factors for TDs (higher T stage, positive lymph node count,
DM, pathologically elevated CEA, PI, and neoadjuvant che-
motherapy) are consistent with previous findings, although the
AJCC/TNM staging system has definitely differentiated TDs
from tumor extension, LNM, and DM.*>*3>7 And some
studies even support the inclusion of TDs in a T, N, or
M category.”**"*® The relationship between TDs and PI and
neoadjuvant chemotherapy can be explained by diverse ori-
gins of TDs: tumor cells growing within or along nerves
channels, the fragmentation of advanced tumors after neoad-
juvant chemotherapy or tumors incompletely regressed after
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Figure 4 The Venn diagram of the target genes of the six TDs-related DEMis. The Venn diagrams displayed two overlapping genes associated with miR-614 (A), ten with
miR-4770 (B), four with miR-1197 (C), 16 with miR-3136 (D), 23 with miR-3173 (E) and one with miR-4636 (F), which were identified from the overlap between 1505

DEGs and 1373 DEMis target genes.

preoperative chemotherapy.>”** The association between TDs
risk and a higher CEA level needs verifying in future studies.

Six TDs-related miRNAs were also identified in our study,
including three upregulated (miR-614, miR-1197, and miR-
4770) and three downregulated miRNAs (miR-3136, miR-
3173, and miR-4636). Preexisting studies have shown that
four of these miRNAs (miR-614, miR-1197, miR-3173, and
miR-4636) can be used as prognostic factors in other cancers
(eg, ovarian cancer, non-small cell lung cancer, B-cell acute
lymphoblastic leukaemia, cervical cancer, gastric cancer, and
pancreatic ductal adenocarcinoma).*'*” MiR-614 can pro-
mote proliferation and inhibit apoptosis of ovarian cancer
cells via suppressing PPP2R2A expression.*' MiR-1197 has
been recognized as a negative prognostic indicator in lung
cancer and pancreatic cancer and may serve as a therapeutic
target*** MiR-3173 downregulation has been found in
B-cell acute lymphoblastic leukemia, which facilitated cell
invasion.** MiR-4636 inhibits the proliferation, migration,
and invasion of gastric cancer cells and serves as a favorable
prognostic biomarker for cervical cancer survival.***” The
subsequent functional enrichment analysis of differentially

expressed target genes interacting with these miRNAs
included calcium signaling pathways. And the GO annotation
results indicated that these target genes were primarily
involved in passive transmembrane transporter activity and
channel activity, adding the evidence that TDs pathogenesis
may be associated with calcium signaling pathways. Most
studies agree that the dysregulated calcium signaling pathways
play a critical role in CRC recurrence, metastasis, and
prognosis.***’ An increase of intracellular calcium could fuel
tumor proliferation, while cell apoptosis also resulted from
sustained calcium increases in cell.*® Such dual-function path-
ways in CRC open a new gateway into underlying molecular
mechanisms related to TDs pathogenesis.

As we have understood both the clinicopathologic and the
six-miRNA signature nomograms exhibit high agreement
between the predicted and the actual probability of TDs status,
we further estimated the discrimination validity of these two
nomograms by comparing the AUCs of TCGA validation
cohort. As expected, the six-miRNA signature nomogram
showed better prediction with higher accuracy in preoperative
TDs status assessment versus the clinicopathologic nomogram
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Figure 5 Regulatory networks between the six miRNA and their target genes (A), and functional enrichment analysis using the Gene Ontology (GO, (B) and Kyoto

Encyclopedia of Genes and Genomes (KEGG, (C) pathways enrichment analysis.

(AUC values of 0.96 and 0.93, respectively). DCA analysis for
clinical application further demonstrated that if the threshold
probability was lower than 55%, the six-miRNA signature
nomogram could offer a higher net prognostic benefit than
the clinicopathologic nomograms. Therefore, we confirm that
our six-miRNA signature nomogram has a favorable and reli-
able prediction efficacy for TDs status prediction and encou-
rage its popularization in CRC diagnosis as an accurate,
personalized decision-making tool.

The originality of our work is the unique nomogram for
preoperative TDs prediction in CRC, which was developed by
screening risk factors from hallmark miRNA sets of suitable
patients and validated using data from two authoritative data-
bases. Its application value was supported by DCA analysis.
Enrichment analysis focused on the function of calcium signal-
ing pathways, upon which future studies can investigate TDs
genesis in various cancer types. Besides, we acknowledge that

this work has several limitations. Our conclusion should be
carefully validated in larger-sample clinical trials as the current
bioinformatics analysis lacks external validation and can only
provide limited evidence based on the relatively insufficient
sample size. Multicenter studies can offer more sources of
independent cohorts to produce stronger results in the predic-
tion efficacy and application value of this nomogram.
Moreover, animal studies are needed for elucidating experi-
mental evidence on the special roles of calcium signaling in
CRC with TDs.

Conclusion

In conclusion, our study offers an nomogram composed of
six-miRNA signature, which plays an excellent role in pre-
operative TDs prediction in CRC patients from authoritative
databases. This predictive nomogram may serve as an effi-
cient decision-making tool for practitioners in both TDs
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assessment and personalized CRC treatment. And future stu-
dies are required to elucidate the roles of the six miRNAs and
calcium signaling pathways in the pathogenesis of TDs.
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