Translational Oncology 28 (2023) 101609

Translational
Oncology -

Contents lists available at ScienceDirect

Translational Oncology

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/tranon

Original Research

Development of novel DNAJB6-KIAA1522-p-mTOR three-protein
prognostic prediction models for CRC

Yu-Juan Jiang ““", Tong-Tong Zhang >>', Yi-Qing Zhu?, Hong-Qing Cai“, Chen Chang®,
Jia-Jie Hao“, Yan Cai”, Ming-Rong Wang “, Jian-Wei Liang “ , Yu Zhang ™

2 State Key Laboratory of Molecular Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing, 100021, China

> Medical Research Center, The Third People’s Hospital of Chengdu, Chengdu, 610031, China

¢ Department of Colorectal Surgery, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing, 100021, China

ARTICLE INFO ABSTRACT

Keywords:

Colorectal cancer
Prognostic biomarkers
Molecular classification
KIAA1522

DNAJB6

p-mTOR

Background: To evaluate the prognostic value of DNAJB6, KIAA1522, and p-mTOR expression for colorectal
cancer (CRC) and to develop effective prognostic models for CRC patients.

Methods: The expression of DNAJB6, KIAA1522, and p-mTOR (Ser2448) was detected using immunohisto-
chemistry in 329 CRC specimens. The prognostic values of the three proteins in the training cohort were assessed
using Kaplan-Meier curves and univariate and multivariate Cox proportional hazards models. Prediction
nomogram models integrating the three proteins and TNM stage were constructed. Subsequently, calibration
curves, receiver operating characteristic (ROC) curves, the concordance index (C-index), and decision curve
analysis (DCA) were used to evaluate the performance of the nomograms in the training and validation cohorts.
Results: The three proteins DNAJB6, KIAA1522, and p-mTOR were significantly overexpressed in CRC tissues
(each P < 0.01), and their expression was an independent prognostic factor for overall survival (OS) and disease-
free survival (DFS) (each P < 0.05). The area under the ROC curves (AUC) and C-index values were approxi-
mately 0.7. Additionally, the calibration curves showed that the predicted values and the actual values fit well.
Furthermore, DCA curves indicated that the clinical value of the nomogram models was higher than that of TNM
stage. Overall, the novel prediction models have good discriminability, sensitivity, specificity and clinical utility.
Conclusion: The nomograms containing DNAJB6, KIAA1522, and p-mTOR may be promising models for pre-
dicting postoperative survival in CRC.

Introduction CRC patients, the 5-year survival rate is only approximately 55% [3].

Accurate prognosis prediction is essential for effective and individual-

Colorectal cancer (CRC) was the third most prevalent malignant
tumor and the second leading cause of malignant disease death world-
wide in 2020 [1]. In China, it is estimated that there were 408000 new
CRC cases and 195600 deaths from CRC in 2016, ranking second in
morbidity and fourth in mortality [2]. Of note, CRC incidence has been
rising rapidly in China and has become a significant cause of cancer
death [2].

Although recent advances in surgery, chemotherapy, radiotherapy,
targeted therapy, and immunotherapy have improved the prognosis of

ized treatment. At present, the outcomes of CRC patients are routinely
determined using the tumor-node-metastasis (TNM) staging system.
However, recurrence and mortality might vary greatly even among CRC
patients with similar clinicopathological characteristics because of the
high molecular heterogeneity in CRC [4,5]. Thus, it is necessary to
develop simple, user-friendly, and reliable molecular markers to classify
the prognosis of CRC patients [6].

Various biomarkers or classifiers, such as DNA, RNA (including
circulating tumor DNA and RNA), protein, epigenetic (such as DNA
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methylation) and immunologic biomarkers, have recently been devel-
oped to predict the prognosis of patients with CRC, particularly their
recurrence risk [7-13]. However, additional prospective clinical trials
are needed to evaluate the predictive accuracy and efficiency of these
putative biomarkers. Compared to sequencing-based methods, immu-
nohistochemistry (IHC) is simpler, easier to perform, and less expensive,
and it is widely used in biomarker research [14]. In our previous study,
we discovered that several proteins were markedly overexpressed in
CRC tissues but scarcely detected in the adjacent normal colorectal
epithelium. Among them, the aberrant expression of several proteins
was significantly correlated with poor CRC patient prognosis. Based on
these findings, we selected three proteins, namely, p-mTOR (Ser 2448),
DNAJB6, and KIAA152, which were closely related to metastatic po-
tential, to construct prognostic prediction models.

Mammalian/mechanistic target of rapamycin (mTOR) is a serine/
threonine-protein kinase belonging to the PI3K-related protein kinase
(PIKK) family [15]. Abnormal activation of the PI3K/AKT/mTOR
pathway has been reported in various cancer types [16-19]. Its hyper-
activation has been closely associated with the prognosis of several
cancers, including CRC [20]. DnaJ/Hsp40 homolog, subfamily B,
member 6 (DNAJB6) is also referred to as DnaJ’s mammalian relative
(MRJ). It is a cochaperone belonging to the heat shock protein HSP40
family [21]. We previously found that the expression of DNAJB6 was
significantly upregulated in CRC tissues, and its overexpression was an
independent predictor of poor outcomes in CRC patients [22].
KIAA1522 is a large protein-coding gene with an uncertain function
[23]. It has been reported that the KIAA1522 overexpression has prog-
nostic significance in several cancer types, including CRC [24-26].
Consistently, our earlier findings also suggested that KIAA1522 isa
potentialprognostic marker in CRC.

In this study, we evaluated the expression of the three proteins and
their impacts on the prognosis of CRC patients. Moreover, we con-
structed two prediction nomograms that integrated the three protein
expression levels and TNM stage to predict the disease-free survival
(DFS) and overall survival (OS) of patients with CRC after surgery.

Materials and methods
Patient & specimen characteristics

In total, 329 surgically resected CRC and morphologically normal
operative margin tissues were collected between 2007 and 2011 at
Cancer Hospital, CAMS/PUMC, Beijing in accordance with the pro-
visions of the Helsinki Declaration. The inclusion criteria were as fol-
lows: (1) underwent radical resection of the primary tumor; (2)
pathologically confirmed CRC; and (3) morphologically normal opera-
tive margin tissues. The exclusion criteria were as follows: (1) the
presence of other malignant tumors; (2) incomplete follow-up data; (3)
palliative surgery such as bypass surgery; (4) emergency operation such
as bowel perforation or obstruction; and (5) neoadjuvant chemo-
radiotherapy. Clinical parameters including sex, age, pathologic T stage
(pT), pathologic N stage (pN), pathologic M stage (pM), TNM stage,
histological grade, tumor site, adjuvant chemotherapy therapy, vascular
tumor thrombus, and nerve invasion were collected. TNM stage was
classified based on the American Joint Committee on Cancer (AJCC)
staging manual (seventh edition). The clinicopathologic parameters of
all included patient are provided in Supplementary Table 1.This study
was approved by the Ethics Committee/Institutional Review Board of
National Cancer Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College (NCC2020C-105). All patients signed informed
consent forms.

The patients were divided into a training set (n = 230) and a vali-
dation set (n = 99), including 142 (61.7%) and 60 (60.6%) male patients
in the training and validation sets, respectively. In total, 149 patients
(45.3%) received adjuvant chemotherapy. Approximately 80% of these
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patients received oxaliplatin-containing regimens, such as mFOLFOX6
(oxaliplatin, fluorouracil, and leucovorin) or XELOX (oxaliplatin plus
capecitabine). The baseline clinicopathological features of CRC in
training and validation cohorts are summarized in Supplementary
Table 2. For the entire cohort, 33.4% (110/329) of the patients suffered
tumor recurrence, and 40.4% (133/329) died during follow-up. The
median follow-up times were 62 months in the training cohort and 63.5
months in the validation cohort. Disease-free survival (DFS) and overall
survival (OS) were primary study endpoints. DFS was defined as time
from surgery to recurrence, distant metastasis or last follow-up, and OS
was defined as time from surgery to death or last follow-up. The 1-, 3-,
and 5-year OS rates were 95.7%, 73.0%, and 63.9%, respectively, and
the 1-, 3-, and 5-year DFS rates were 90.8%, 68.3%, and 64.1%,
respectively.

Tissue microarray and immunohistochemistry

Tissue microarrays (TMAs) were created using paired CRC and
normal operative margin tissues, and IHC analysis was performed as
previously described [22]. Each case in the TMAs included 2 represen-
tative normal mucosa regions and 3 representative tumor regions. The
following antibodies were used: anti-p-mTOR antibody (Ser2448,
#2976; Cell Signaling Technology, MA, USA); anti-DNAJB6 antibody
(66587-1-1g; Proteintech); and anti-KIAA1522 antibody (HPA032050;
Sigma).

The intensity of the immunoreaction and the percentage of the
staining area were used to calculate the levels of the three proteins.
Staining intensity was graded as follows: 0 (negative), 1 (weak), 2
(moderate), and 3 (strong positive). The percentage of immunoreactive
cells was assessed as 0 (< 10%), 1 (11-25%), 2 (26-50%), 3 (51-75%),
and 4 (> 75%). The staining intensity and the percentage of the
immunoreactive cells were multiplied to obtain the total score for each
TMA dot [20]. According to the average expression scores of the spec-
imens, the scores were rated as weak (< 3) or strong (> 3). The results
were assessed blindly by two independent observers, and then discor-
dant cases were reanalyzed jointly to reach an agreement. The expres-
sion level of the three proteins was stratified into low (< 3) or high (> 3)
based on the IHC score.

Hierarchical clustering analysis

All raw score data were employed for clustering analysis. By using
hierarchical clustering, tumors were categorized according to the
relatedness of their immunostaining profile. The dendrogram on the top
shows the clustering of the individual cases based on the degree of
similarity of their immunohistochemical staining results. The longer the
horizontal dendrogram arm is, the greater the difference in immuno-
profiles between individual cases inside a cluster group. Heatmap gen-
eration and hierarchical clustering analysis (distance, standard
Euclidean distance; criterion, complete-link) were performed using R
4.2.0 (http://www.r-project.org).

Nomogram construction and validation

The nomograms were constructed as follows. First, a univariate Cox
proportional hazards model was used to assess the parameter’s potential
power in predicting the survival of the training cohort. Second, variables
with P values less than 0.1 in univariate analysis were included in the
multivariate Cox proportional hazards model. Finally, two nomograms
containing the independent prognostic variables and TNM stage were
created using R 4.2.0 (http://www.r-project.org) and the “rms” pack-
age. The best cutoffs for survival curve risk stratifications were deter-
mined by X-tile based on the composite scores of the nomograms [27].
Risk stratifications based on the nomogram models were evaluated using
the Kaplan-Meier method.

The nomograms were subjected to internal validation in the training



Y.-J. Jiang et al.

>

Normal mucosa

Tumor tissues B

Translational Oncology 28 (2023) 101609

CRC # 320

p-mTOR

KIAA1522

DNAJB6

Ty

o

Fig. 1. MAP4, DNAJB6 and p-mTOR were overexpressed in CRC tissues.
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A-B. Representative immunohistochemical results. A. Negative expression of MAP4, p-mTOR (Ser2448) and DNAJB6 in adjacent normal colorectal mucosa (left
panel) and strong positive expression of these proteins in CRC tissues (right panel). B. Inmunostaining results of the three proteins within a CRC specimen. The short-
and long-scale bars represent 100 pm and 50 pm, respectively. C. Hierarchical cluster analysis of CRC TMA immunostaining results. Each column represents a single
case, and each row represents a single marker. IHC scores range from 0 to 12 points, with a cutoff value of 3 points. Scores above 3 are shown in red, and scores below
3 are shown in blue. The shade of color indicates how different the IHC score was from the cutoff value.

cohort and external validation in the validation cohort. The validation of
the nomogram was performed using the receiver operating character-
istic (ROC) curves, the concordance index (C-index), calibration curves,
and decision curve analysis (DCA). The C-index and area under the ROC
curve (AUC) were used to evaluate the discriminative ability [28-31].
The C-index and AUC have values ranging from 0 to 1, where a value of
0 indicates an entirely inaccurate model and a value of 1 indicates a very
accurate model. Generally, C-index and AUC values of more than 0.7
often indicate a reliable estimation [32]. In addition, the predicted
survival probabilities by nomogram and actual survival probabilities
were compared using a calibration plot. For an ideal nomogram, the
predictive survival rates should fall on the 45-degree diagonal line [33].
DCA was conducted to assess the clinical practical value of the nomo-
gram models by quantifying the net benefit at different threshold
probabilities [34]. The net benefit is defined as that true positive minus
false positive [35]. In brief, the curves of all patients died and none of
the patients died were plotted as two references. DCA calculates the
clinical benefit compared with the reference lines. The higher the net
benefit, the more practical and effective the prediction model is in
clinical practice.

The flow chart of the construction and validation of the nomogram
models is shown in Supplementary Fig. 1.

Statistical analysis

Statistical analyses were performed with SPSS 26.0 (IBM Corp,
Armonk, NY, USA). Violin plots and histograms were generated with

GraphPad Prism software. Paired Student’s t test was used to assess the
difference in protein expression between CRC and adjacent normal tis-
sues. The Pearson chi-square test and Fisher’s exact test were performed
to identify associations between protein levels and clinicopathological
characteristics. Survival curves for protein biomarkers were generated
using the Kaplan-Meier method and were compared using the log-rank
test. Univariable and multivariable Cox proportional hazards models
were used to analyze DFS and OS, in which hazard ratios (HRs) and their
95% confidence intervals (CIs) were calculated. Statistical significance
was defined as a P value of less than 0.05.

Results
KA1522, DNAJB6, and p-mTOR were upregulated in CRC tissues

The protein expression levels of KIAA1522, DNAJB6, and p-mTOR
(Ser2448, an activated form of mTOR) were examined via IHC on TMAs
containing 329 CRC specimens. Immunohistochemistry data of each
patient are provided in Supplementary Table 1 and representative im-
munostaining images and hierarchical cluster analysis results are shown
in Fig. 1. KIAA1522 protein was mainly expressed in the cytoplasm, p-
mTOR was expressed in the cytomembrane and cytoplasm, and DNAJB6
staining was observed in both the cytoplasm and nucleus. Significantly
high KIAA1522, DNAJB6, and p-mTOR expression levels were detected
in 69.3% (228/329), 55.9% (184/329), and 56.2% (185/329) of the
CRC tissues, respectively, but their expression was generally absent in
normal colorectal mucosa (each P < 0.001, Supplementary Table 3).



Y.-J. Jiang et al. Translational Oncology 28 (2023) 101609

W
(e}
1

=
1 1 1 I 1 I}
Patients (%)
4 o
W S

L
]
|
|
|
|
|
|
|
—

|

[\

(93]
1

,1\/ .-

TNM stage [0 Low expression [ High expression

p-
S
ooy ~
2 w X
00 N
= 0
i =
£ 5)
2 5
O g\ T ~
an) vw
e
W
i r ¥ i
I II 111 v
TNM stage ] Low expression [ High expression
KIAA1522
% 10 -
2 S
o) i N
= 0
£ ] 2
8 57 2
» ] =
S I -
an) ] e
P
0 —_\-|
I v I II 11T v
TNM stage [ Low expression @ High expression

Fig. 2. DNAJB6, p-mTOR and KIAA1522 expression in different stages of CRC. Left panel: Violin plots of IHC scores for CRC patients at different cancer stages.
Dashed line indicates the cutoff value of IHC score (i.e., 3). Based on IHC score, protein expression was divided into low (< 3) or high (> 3). Right panel: Histogram of
percentage of protein marker expression in CRC patients based on TNM staging.
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Table 1
Relationship between protein expression and clinicopathologic parameters
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Variables Total No.  KIAA1522 expression (%) DNAJB6 expression (%) p-mTOR expression (%)
high low p high low p high low p
Age (years) 0.053 0.013 0.415
<60 179 116 (50.9%) 63 (62.4%) 89 (48.4%) 90 (62.1%) 97 (52.4%) 82 (56.9%)
>60 150 112(49.1%) 38 (37.6%) 95 (51.6%) 55 (37.9%) 88 (47.6%) 62 (43.1%)
Sex 0.463 0.169 0.314
female 127 91 (39.9%) 36 (35.6%) 65 (35.3%) 62 (42.8%) 67 (36.2%) 60 (41.7%)
male 202 137 (60.1%) 65 (64.4%) 119 (64.7%) 83 (57.2%) 118 (63.8%) 84 (58.3%)
TNM Stage 0.268 0.015 0.033
I 20 11 (4.8%) 9 (8.9%) 12 (6.5%) 8 (5.5%) 10 (5.4%) 10 (6.9%)
I 81 52 (22.8%) 29 (28.7%) 35 (19.0%) 46 (31.7%) 39 (21.1%) 42 (29.2%)
111 187 135(59.2%) 52 (51.5%) 107 (58.2%) 80 (55.2%) 105 (56.8%) 82 (56.9%)
v 41 30 (13.2%) 11 (10.9%) 30 (16.3%) 11 (7.6%) 31 (16.8%) 10 (6.9%)
pT 0.482* 0.887* 0.164*
T1 2 1 (0.4%) 1 (1.0%) 1 (0.5%) 1 (0.7%) 0 (0%) 2 (1.4%)
T2 33 20 (8.8%) 13 (12.9%) 19 (10.3%) 14 (9.7%) 17 (9.2%) 16 (11.1%)
T3 211 147 (64.5%) 64 (63.4%) 115 (62.5%) 96 (66.2%) 115 (62.2%) 96 (66.7%)
T4 83 60 (26.3%) 23 (22.8%) 49 (26.6%) 34 (23.4%) 53 (28.6%) 30 (20.8%)
pN 0.068 0.076 0.036
NO 132 84 (36.8%) 48 (47.5%) 66 (35.9%) 66 (45.5%) 65 (35.1%) 67 (46.5%)
N+ 197 144 (63.2%) 53 (52.5%) 118 (64.1%) 79 (54.5%) 120 (64.9%) 77 (53.5%)
pM 0.771 0.501 0.005
MO 305 212 (93.0%) 93 (92.1%) 169 (91.8%) 136 (93.8%) 165 (89.2%) 140 (97.2%)
M1 24 16 (7.0%) 8 (7.9%) 15 (8.2%) 9 (6.2%) 20 (10.8%) 4 (2.8%)
Histological grade 0.921 0.132 0.807
G1 56 40 (17.5%) 16 (15.8%) 38 (20.7%) 18 (12.4%) 32 (17.3%) 24 (16.7%)
G2 223 154 (67.5%) 69 (68.3%) 118 (64.1%) 105 (72.4%) 127 (68.6%) 96 (66.7%)
G3 50 34 (14.9%) 16 (15.8%) 28 (15.2%) 22 (15.2%) 26 (14.1%) 24 (16.7%)
Initial tumor site 0.110 0.860 0.312
Colon 122 91 (39.9%) 31 (30.7%) 69 (37.5%) 53 (36.6%) 73 (39.5%) 49 (34.0%)
Rectum 207 137 (60.1%) 70 (69.3%) 115 (62.5%) 92 (63.4%) 112 (60.5%) 95 (66.0%)
Vascular tumor thrombus 0.221 0.061 0.608
Yes 29 23 (10.1%) 6 (5.9%) 21 (11.4%) 8 (5.5%) 15 (8.1%) 14 (9.7%)
No 300 205 (89.9%) 95 (94.1%) 163 (88.6%) 137 (94.5%) 170 (91.9%) 130 (90.3%)
Nerve invasion 1.000* 1.000* 1.000*
Yes 1 1 (0.4%) 0 (0%) 1 (0.5%) 0 (0.0%) 0 (0%) 1 (0.7%)
No 328 227(99.6%) 101 (100%) 183(99.5%) 145 (100.0%) 185 (100%) 143 (99.3%)
Adjuvant Chemotherapy 0.763 0.234 0.861
therapy
Presence 149 102 (44.7%) 47 (46.5%) 78 (42.4%) 71 (49.0%) 83 (44.9%) 66 (45.8%)
Absence 180 126 (55.3%) 54 (53.5%) 106 (57.6%) 74 (51.0%) 102 (55.1%) 78 (54.2%)

pT: pathologic T stage; pN, pathologic N stage, pM, pathologic M stage; * Fisher’s exact test.

Additionally, the percentage of patients with high KIAA1522, DNAJB6,
and p-mTOR expression tended to increase as the disease progressed
from TNM stage I to stage IV (Fig 2).

Statistical analysis showed that aberrant mTOR activation was
positively associated with pN (P = 0.036), pM (P = 0.005), and TNM
stage (P = 0.033); DNAJB6 overexpression was significantly correlated
with patient age (P = 0.013) and TNM stage (P = 0.015). There were no
significant links between abnormally expressed KIAA1522 and any
clinical characteristics in this study (Table 1).

Prognostic significance of the three protein biomarkers in the training
cohort

Next, we evaluated the impact of the overexpression of the three
proteins on the clinical outcomes of patients with CRC in the training set.
As a single biomarker, a high abundance of KIAA1522, DNAJB6, or p-
mTOR protein was strongly correlated with poorer DFS and OS in CRC
patients (each P < 0.01, Fig. 3). Univariate analysis of the training
cohort revealed that pN, pM, initial tumor site, vascular tumor
thrombus, nerve invasion, and the levels of the three proteins were
linked to DFS in CRC patients (Supplementary Table 4). Multivariate
Cox regression analysis revealed that DNAJB6 overexpression (HR =
1.73, 95% CI: 1.05-2.84, P = 0.031), mTOR hyperactivation (HR = 2.34,
95% CI: 1.34-4.10, P = 0.003), and KIAA1522 overexpression (HR =
1.98, 95% CI: 1.09-3.60, P = 0.025) were all independent risk factors for
unfavorable DFS in CRC patients (Supplementary Table 4, Fig. 4).

Univariate and multivariate Cox regression models were used to

assess each prognostic factor for the OS of CRC patients in the training
cohort. As a result, pN, histological grade, and the expression of the
three proteins were all substantially associated with OS in univariate
regression analysis (all P < 0.1, Supplementary Table 5), and DNAJB6
overexpression (HR = 1.92, 95% CI: 1.22-3.05, P = 0.005), mTOR
hyperactivation (HR = 1.71, 95% CI: 1.07-2.73, P = 0.024), and
KIAA1522 overexpression (HR = 1.74, 95% CI: 1.04-2.91, P = 0.033)
were identified as independent factors for inferior OS rates in multi-
variate Cox regression analyses (Supplementary Table 5, Fig. 4).

Construction of a protein-associated prognostic models using the training
cohort

Given that the prognosis of CRC patients can rarely able be accu-
rately predicted by any single biomarker or clinical feature, we com-
bined the KIAA1522, DNAJB6, and p-mTOR protein markers with
several well-defined clinical prognostic factors (i.e., pT, pN, and pM) to
create comprehensive prognostic nomograms for evaluating the OS and
DFS probabilities in CRC patients (Fig. 5). In these nomograms, the
length of each variable line reflects its contribution to prognosis. For
instance, our nomograms showed that pT had the most prominent
impact on both DFS and OS in CRC patients among the included clinical
parameters. Of note, the expression levels of the three protein bio-
markers exhibited a remarkable influence on the outcome of CRC pa-
tients, especially on the DFS of patients. Collectively, the KIAA1522
expression level contributed the most to predicting the DFS of CRC pa-
tients among all the parameters. In addition, compared with pN and pM,



Y.-J. Jiang et al.

Translational Oncology 28 (2023) 101609

A Diease free survival
KIAA1522 DNAJB6 p-mTOR
1.00 1.00 1.00
> )
Z Y £
7 B o1s B o1s
0.75 - -
< < =
© =] =]
o ) ]
g, 050 g, 050 g, 050
— — —
g g g
E 025 E 025 E 025
5 = LOW 5 = LOowW 5 = LOW
N P=1.93E-4 “ HIGH 2} P=1.73E-3 “ HIGH N P=1.92E-6 “ HIGH
0.00 0.00 0.00
0 20 40 60 80 100 120 0 20 40 60 8 100 120 0 20 40 60 80 100 120
No. at risk Follow up time (months) No. at risk Follow up time (months) No. at risk Follow up time (months)
Low [78 71 58 55 35 19 IS Low [107 93 80 73 39 22 20 Low [to2 92 75 72 39 22 19
High 152 112 8 73 32 21 18 High 122 90 60 55 28 18 13 High [128 91 65 56 28 18 14
B Overall survival
KIAA1522 DNAIJB6 p-mTOR
1.00
1.00 1.00
ey 2 ey
= R =
i 3 B s
g 075 g 15 |
=] o =]
2 2 2
g8, 050 8, 050 g, 050
— — —
g g g
B s B s 5025
5 = Low 5 = Low =5 = Low
' o0{ £=0.001 THOH] A g | P=SIIES “mon | A o | P=479E-4 = HioH
0 20 40 60 80 100 120 0 20 40 60 8 100 120 0 20 40 60 80 100 120
No. at risk Follow up time (months) No. at risk Follow up time (months) No. at risk Follow up time (months)
Low [78 74 64 59 35 19 15 Low [107 99 81 40 23 20 Low [102 97 79 75 39 22 19
High |152 131 96 8 36 22 18 High [123 106 65 31 18 13 High [128 108 81 71 32 19 14

Fig. 3. The relationship between protein expression and survival of CRC patients. Kaplan-Meier survival analysis of disease-free survival (A) or overall survival

(B) of CRC patients according to the indicated protein expression.

the expression levels of the three proteins were better predictors of both
DFS and OS of CRC patients (Fig. 5).

To use the nomograms to predict the prognosis of an individual CRC
patient, first determine the score for every variable based on the value
on the topmost point row corresponding to its parameter. For example,
the score of T1 in the DFS nomogram is approximately 32.5; the score of
a low level of p-mTOR in the OS nomogram is 35. Then, the scores of all
variables can be summed to obtain the total score. The probability of 1-,
3-, and 5-year OS and DFS for the patient can be predicted based on the
values on the OS or DFS row corresponding to the total score. A lower
total score is associated with a worse outcome. For example, a patient
with high DNAJB6, p-mTOR and KIAA1522 expression, pT3, pNO, and
pMO CRC would have a total score of 89 based on the OS nomogram (0
points for high expression of the three proteins, 45 points for pT3, 29
points for pNO and 15 points for pMO0). For this patient, the predicted 1-,
3-, and 5-year OS rates are approximately 95.0%, 72.5%, and 58.0%,
respectively.

CRC patients can be classified into low- and high-risk groups based
on their nomogram scores. In brief, the total scores of the nomograms
were used to divide the patients into two groups using X-tile. The
threshold value was 242.1 points in the DFS nomogram and 108.4 points
in the OS nomogram. Patients with points higher than the threshold
were classified into the low-risk group. Survival analysis confirmed that
the DFS and OS probabilities in the high-risk group were significantly
lower than that in the low-risk group, suggesting that these nomograms
may be used for risk stratification in CRC patients (Fig. 6).

Validation of the protein-associated prognostic model

Subsequently, we evaluated the performance of the prognostic
models using the calibration plot, c-index, AUC values, and DCA curves
in both the training and validation cohorts. First, corresponding cali-
bration curves were drawn, and the results showed good agreement

between the 1-, 3-, and 5-year DFS and OS probabilities predicted by the
nomogram models and the actual outcomes of CRC patients in the
training and validation cohorts, indicating that the prediction models
have high accuracy (Fig. 7).

Second, ROC curves were plotted to assess the predictive sensitivities
and specificities of the nomogram prediction models. The AUC values
for the prediction models were approximately 0.70 in the training and
validation cohorts (Fig. 8A). Additionally, the AUC values of the
nomogram models were higher than those of the 3-protein markers or
TNM stage in the entire cohort, suggesting the superior prediction per-
formance of our nomogram models (Supplementary Fig. 2). Likewise,
the C-index was also calculated to measure the discrimination ability of
the nomogram models. In the training cohort, the C-indices for the
prediction of DFS and OS were 0.720+0.055 and 0.692+0.054,
respectively. In the validation cohort, the C-indices for the prediction of
DFS and OS were 0.635+0.097 and 0.647+0.087, respectively. Overall,
these data corroborated that the sensitivities and specificities of our
nomogram models were relatively high.

Furthermore, DCA was performed to assess the clinical utility of the
nomogram prediction models by quantifying the net benefits at different
threshold probabilities. Theoretically, the higher the net benefit is, the
more practical and effective the prediction model is in clinical practice.
As a result, for almost all of the threshold probabilities in both the
training and validation cohorts, higher net benefits were observed with
the prediction model than in two extreme cases (i.e., all patients died or
relapsed or none of the patients died or relapsed) (Fig. 8B). Notably,
both the DFS and OS nomograms had a higher net benefit than TNM
staging when the threshold probability was > 10% in the training
cohort. Collectively, these data indicate that our nomogram prediction
models have high clinical utility.
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Fig. 4. Forest plots of multivariate Cox regression analysis for disease-free survival and overall survival of patients with CRC. A. Disease-free survival; B.

Overall survival. HR: hazard ratio; CI: confidence interval.
Discussion

CRC is a heterogeneous malignancy with a high risk of recurrence
and death. There are few effective therapeutic approaches for recurrent
and metastatic CRC to date. Therefore, it is imperative to develop
effective prognostic prediction models to identify high-risk patients and
carry out early intervention and individualized treatment. To this end,
we combined three protein biomarkers and the TNM stage to establish
nomograms that potentially predict the risk of death and recurrence in
individual CRC patients in this study.

Clinical pathological characteristics such as lymph node count and
histological grading are frequently used in clinical settings for risk
assessment and therapy decision-making for CRC [20]. However, CRC is
a highly heterogeneous disease with varying genetic backgrounds, and it
is challenging to predict patients’ outcomes, even among tumors with
identical histopathological features. As a result, the addition of molec-
ular biomarkers may improve the accuracy of patient prognosis pre-
diction. Molecular biology and bioinformatics techniques have been
widely employed to uncover biomarkers, such as DNA and RNA, to
assess the prognosis of patients with carcinoma [36-38]. In comparison,

protein biomarker identification using IHC, which is widely used in
clinical diagnosis, has been discovered to be a rapid, cost-effective, and
accurate technique for tumor molecular profiling.

Previous works have developed nomograms integrating clinical data
and protein biomarkers to predict the risk of recurrence or mortality for
patients with CRC. However, most of these studies only focused on
tumor suppressors with reduced expression in tumor tissues, such as E-
cadherin, CD44, and CSN2, and most studies focused on the prognostic
role of a single protein marker [39,40]. In this study, we found that
DNAJB6, p-mTOR, and KIAA1522 were upregulated in CRC tissues.
High expression levels of the three proteins were statistically associated
with unfavorable OS and DFS in CRC patients. Considering that clinical
risk factors, such as TNM stage, remain significant predictors of survival
in CRC, we integrated TNM stage with our three protein biomarkers to
develop efficient models for predicting survival to avoid omitting
valuable variables.

The protein biomarkers analyzed in this study were carefully chosen
based on our previous research findings. For example, we found that
aberrant expression of DNAJB6 was significantly correlated with poor
outcomes of CRC patients [22]. More importantly, a functional study
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Fig. 5. Nomograms for predicting the prognosis of patients with CRC. Nomograms for predicting the disease-free survival (A) and overall survival (B) of CRC
patients were created by integrating the indicated protein expression and several pivotal clinical prognostic factors. The score of each risk factor can be determined
by drawing a vertical line straight upward from the factor’s corresponding parameter to the points axis. Then, add the scores of all risk factors together, and draw a
straight line down from the total points axis to the OS or DFS axis to obtain the survival probabilities of CRC patients 1, 3, and 5 years postoperation.

revealed that DNAJB6 overexpression enhanced the metastatic potential
of CRC cells, which further suggested that its high expression is a crucial
risk factor in the prognostic assessment of CRC [22]. In the current
study, we validated the prognostic significance of the aberrant expres-
sion of DNAJB6bD in a larger CRC sample size. Our data showed that
DNAJB6 was a promising biomarker for dividing CRC patients into
subgroups with varying risks of death and recurrence. However, its

function and underlying mechanism in CRC are still not well understood
and need further study.

Although overactivation of mTOR is correlated with a poor prognosis
in most cancer types, the prognostic significance of mTOR activation in
CRC is still controversial [41,42]. Our earlier data revealed that p-mTOR
was a potential prognostic marker in CRC [20]. In this study, high
p-mTOR activity was also determined to be an independent risk factor
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for CRC survival. Consistent with our findings, a study reported that
mTOR was aberrantly activated in 73.8% of cases, and a high level of
p-mTOR was an independent adverse prognostic indicator in CRC pa-
tients [43]. However, in other studies, mTOR activation was not
significantly linked to the survival of CRC patients [42,44]. Therefore,
more research may be required to fully understand the link between
mTOR hyperactivation and CRC prognosis. Notably, a series of studies
have shown that mTOR signaling can regulate the proliferation, cell

cycle progression, EMT, motility and invasion of CRC cells [45-47],
suggesting that abnormal activation of mTOR signaling predicts the
unfavorable outcomes of CRC patients.

We previously found that KIAA1522 was overexpressed in non-small
cell lung cancer (NSCLC) and was associated with a poor prognosis in
patients with NSCLC [25]. In addition, one study suggested that
KIAA1522 might be a novel prognostic marker of hepatocellular carci-
noma [26]. Recently, Yi et al. reported that KIAA1522 was an



Y.-J. Jiang et al.

A ROC

Overall surivival

=
S

training cohort

1.00

validation cohort

Translational Oncology 28 (2023) 101609

Disease free surivival

training cohort

validation cohort

i — 1.00 = 1.00 — 7
o I/_/ //’ (
0.75 0.75 0.75 0.75
z z A z / z
Z = . Z / E
= 0.50 f E 050 e = 0.50 y = 050 s
2 / AUC & AUC g /‘ AUC g Ve AUC
% 025 // 1 - year: 0.79 % 1 -year: 0.73 % 1-year: 0.72 Vq]) Y 1 - year: 0.70
' ) 3 -year: 0.72 0.25 3 - year: 0.67 025 3 -year: 0.75 0.25 [ 3 - year: 0.65
/ — 5-year:0.72 — 5-year: 0.65 / — 5-year: 0.76 / — 5-year: 0.70
0.00 0.00 * 0.00 ‘ 0.00
000 025 050 075 1.00 000 025 050 075 1.00 000 025 050 075 1.00 0.00 025 0.0 075 1.00
1- Specificity 1- Specificity 1- Specificity 1- Specificity
B DCA —— TNM stage —— Nomogram —— ALL —— None
DFS for training cohort DFS for validation cohort
0.3 0.10
1 - year 3 - year | 1-year 3 - year 5 - year
& 024 & ] \
2 1 2 005 \
(5} [53 i |
S 014 © !
g | \ E 11 W
004 2 2 0.00d :
N 17 \ T
00 02 04 06 0002 04 06 0002 04 06 00 02 04 06 00 02 04 06 0.0 02 04 0.6
Threshold probability Threshold probability
OS for training cohort OS for validation cohort
037 1 - year 3 - year 0'10__ 1 - year 3 - year
& 024 \ e |
g \ S 0,05
() Q A
S 014 \ RS
2 10 2 VA
i \/ \
4 0.0 \ “ 0.00+ (
00 02 04 00 02 04 00 02 04 00 05 10 05 1000 05 10
Threshold probability Threshold probability

Fig. 8. Validation of the prognostic nomograms using ROC curves and decision curve analysis. A. ROC curves; B. Decision curve analysis. AUC, area under the

curve. All, all patients died or relapsed; None, no patients died or relapsed.

independent prognostic biomarker of patients with colorectal carcinoma
liver metastasis. Furthermore, functional studies in vitro and in vivo
suggested that KIAA1522 might play an essential role in the progression
of CRC [24]. Our current data confirmed that KIAA1522 was overex-
pressed in CRC tissues and that its aberrant expression was an inde-
pendent prognostic marker in CRC. The above findings also suggested
that KIAA1522 might be a potential therapeutic target in CRC. Func-
tional studies revealed that high expression of KIAA1522 promoted the
proliferation, survival, migration and invasion of CRC cells [48].
Whether KIAA1522 has other functional roles in CRC cells, such as
regulating the cell cycle and EMT, remains to be further investigated.
Since CRC has high intratumor heterogeneity, it is difficult to accu-
rately predict the outcome of CRC patients with a single biomarker [49,
50]. In the present study, we established novel prognostic prediction
nomograms by combining the three protein markers and TNM stage.
More importantly, we found that the combined nomograms were more
accurate and practical than the three-protein biomarker and TNM stage
alone in predicting the prognosis of CRC patients. Performance evalu-
ations indicated that our nomograms had satisfactory discriminability,
sensitivity, specificity. In addition, the clinical benefits of our models
increased with the length of the follow-up period, suggesting that the
models may be helpful for the long-term management of CRC patients.
By using prediction models, the risk of recurrence or death of CRC pa-
tients can be more accurately evaluated, which may help clinicians
select personalized and precise treatment plans for individual patients.

Notably, p-mTOR, KIAA1522, and DNAJB6 may be potential thera-
peutic targets for CRC treatment. According to our prediction models,
CRC patients with high expression levels of the three proteins have
poorer outcomes and might benefit from the corresponding targeted
therapy in the future.

In conclusion, we established novel prognostic prediction models
that combined three protein biomarkers with TNM stage for the mo-
lecular classification of CRC patients in the present study. The prediction
models could provide valuable prognostic information, including the
risk of mortality and recurrence in individual CRC patients, thus facili-
tating the individualized and precise treatment of CRC. Nevertheless,
the performance of the models needs to be validated by multicenter
prospective studies in the future. In addition, the functional roles of
these proteins and related molecular mechanisms in CRC cells should be
further clarified.
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