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Abstract
This study aimed to examine the immunohistochemical expression of epithelial–mesenchymal transition biomarkers: P4HA2 
and SLUG in colorectal carcinoma (CRC) specimens, then to assess their relation to clinicopathological features including 
KRAS mutations and patients’ survival, and finally to study the correlation between them in CRC. The result of this study 
showed that SLUG and P4HA2 were significantly higher in association with adverse prognostic factors: presence of lympho-
vascular invasion, perineural invasion, higher tumor budding, tumor stage, presence of lymph node metastasis, and presence 
of distant metastasis. CRC specimens with KRAS mutation were associated with significant higher SLUG and P4HA2 
expression. High expression of both SLUG and P4HA2 was significantly unfavorable prognostic indicator as regards overall 
survival (OS) and disease-free survival (DFS). In KRAS mutated cases, high P4HA2 expression was the only significant 
poor prognostic indicator as regarding DFS. In conclusions, our data highlight that both SLUG and P4HA2 expression may 
serve as potentially important poor prognostic biomarkers in CRC and targeting these molecules may be providing a novel 
therapeutic strategy. In KRAS mutation group, high P4HA2 expression is the only independent prognostic factor for tumor 
recurrence, so it can be suggested to be a novel target for therapy.
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Abbreviations
AJCC  American Joint Committee on Cancer
CRC   Colorectal cancer
DFS  Disease-free survival
ECM  Extracellular matrix
EMT  Epithelial–mesenchymal transition
LN  Lymph node metastasis
LVI  Lymphovascular invasion
M  Distant metastasis
N  Lymph node metastasis

OS  Overall survival
PNI  Peri-neural invasion
T  Tumor invasion
TME  Tumor microenvironment

Introduction

Colorectal cancer (CRC) is among the most prevalent malig-
nant tumors and one of the leading causes of cancer-related 
death worldwide. Despite the great advance in the diagnosis 
and development of therapeutic options, a significant num-
ber of patients unfortunately develop local advanced disease 
or even distant metastasis [1]. In particular, CRC patients 
with mutated KRAS are challenging to treat as KRAS muta-
tion drives more aggressive behavior, metastatic potential, 
and even therapeutic resistance to target therapy [2]. A bet-
ter understanding of different biological events contributing 
to CRC carcinogenesis and aggressiveness may be neces-
sary for better stratification of the risk of recurrence, and 
the development of novel targets for diagnosis and therapy.

 * Heba El-Deek Mohammed El-Deek 
 Hebaeldeek@gmail.com; Hebaeldeek@aun.edu.eg

1 Department of Pathology, Faculty of Medicine, Assiut 
University, Assiut, Egypt

2 Department of Clinical Oncology, Faculty of Medicine, 
Assiut University Hospital, Assiut, Egypt

3 Department of Medical Oncology and Hematological 
Malignancies, South Egypt Cancer Institute, Assiut 
University, Assiut, Egypt

4 Department of Tropical Medicine and Gastroenterology, 
Faculty of Medicine, South Valley University, Qena, Egypt

http://orcid.org/0000-0001-8963-2044
http://crossmark.crossref.org/dialog/?doi=10.1007/s00795-024-00385-0&domain=pdf


168 Medical Molecular Morphology (2024) 57:167–176

Among the pathogenic mechanisms of carcinogenesis, 
epithelial–mesenchymal transition (EMT) has gained much 
attention. EMT is a process whereby epithelial cells lose 
their epithelial characteristics and acquire a mesenchymal 
phenotype, with decreased adhesion and enhanced migra-
tion or invasion of different cancers including CRC [3, 4]. 
Increasing evidences propose that several transcriptional 
proteins that are involved in collagen biosynthesis and depo-
sition, such as collagen prolyl-4-hydroxylase, can promote 
cancer progression through the regulation of EMT [3].

There are three subtypes of collagen prolyl-4-hydrox-
ylases α isoforms (P4HA1, P4HA2, and P4HA3) [5]. 
P4HA2 is one of the regulator enzymes involved in the 
remodeling of the extracellular matrix (ECM) and collagen 
modification [6]. Recently, dysregulation of P4HA2 has been 
implicated in various types of cancers, such as oral squa-
mous cell carcinoma [7], breast cancer [8], hepatocellular 
carcinoma [9], and pancreatic cancer [10]. Until now, con-
troversy exists regarding its prognostic role; while its lower 
expression was associated with low survival in pancreatic 
carcinoma [10], its higher level was significantly associated 
with a shorter overall survival in hepatocellular carcinoma 
[9], and breast cancer [8]. To date, P4HA2 expression pat-
tern, biological functions, and its oncogenic role in CRC 
have not been previously investigated, specifically in CRC 
with KRAS mutation.

Another transcriptional factor that plays a crucial role in 
the regulation of EMT is the SLUG protein. It is a member 
of the Snail family of zinc finger transcription factors that 
have been shown to participate in mesoderm formation [11]. 
During cancer progression, SLUG could lead to increased 
motility, invasiveness, and metastatic capabilities of cancer 
cells [12, 13]. This is achieved by the ability of SLUG to 
bind to E-boxes of E-cadherin promoter and repress E-cad-
herin expression leading to the acquisition of invasive and 
migratory properties [14].

Some studies showed that high levels of SLUG expres-
sion were correlated with disease relapse and decreased sur-
vival in breast, esophageal, and colorectal carcinoma [15, 
16]. Therefore, SLUG expression might be an important 
prognostic parameter of many cancers including colorectal 
cancer.

Interestingly, Lin, Jiang et al. demonstrated a positive cor-
relation between P4HA2 and SLUG in glioma [6]. However, 
the correlation between these proteins hasn’t been previously 
investigated in CRC.

To date, the knowledge about the expression pattern of 
P4HA2 and SLUG in CRC and their relation to different 
prognostic parameters including KRAS mutation is lim-
ited. This study aims to examine the immunohistochemical 
expression pattern of both P4HA2 and SLUG in CRC speci-
mens, then to assess their relation to different clinicopatho-
logical features including KRAS mutations and patients’ 

survival, and finally to study the correlation between both 
proteins in CRC.

Materials and methods

Specimens

This is a retrospective study included 70 specimens of colo-
rectal carcinoma. These were retrieved from the archive 
of the Surgical Pathology Laboratory, Assiut University 
Hospital, Faculty of Medicine, Assiut University and from 
archives of Pathology Department in South Egypt Cancer 
Institute, Assiut University (between years Jan 2016–Jan 
2022).

The available clinicopathological data of the cases were 
obtained from the hospital medical records at Pathology 
Department, Clinical Oncology Department, Assiut Univer-
sity Hospital, Faculty of Medicine, Assiut University. Some 
data were also obtained from South Egypt Cancer Institute, 
Assiut University and Tropical Medicine and Gastroenter-
ology Department, Qena University, Faculty of Medicine. 
These data include: age and sex of the patient, tumor site, 
operation type, KRAS mutation, clinical follow-up informa-
tion as the occurrence of distant metastasis or local recur-
rence, and survival data including overall survival (OS) and 
disease-free survival (DFS).

Representative hematoxylin and eosin-stained slides of 
tumors were examined for each specimen for identification 
of the following features; histologic type and grade (accord-
ing to WHO (World Health Organization) classification of 
colon and rectal tumors, 5th Edition, 2019) [17], lympho-
vascular (LVI) and perineural invasion (PNI), depth of 
tumor invasion (T), lymph node metastasis (N), and distant 
metastasis (M) (according to the TNM classification of the 
American Joint Committee on Cancer (AJCC) 8th Edition, 
2017) [18]. In addition, we evaluate tumor budding and 
the presence of poorly differentiated clusters (according to 
The International Tumor Budding Consensus Conference 
(ITBCC) 2016 group) [19].

This study was approved by the institutional ethics and 
research committee, Faculty of Medicine, Assiut University 
(IRB number 3000014).

Immunohistochemical staining

Immunohistochemical staining was performed using avid-
biotin immunoperoxidase method. Four µm thickness of 
formalin-fixed paraffin-embedded specimens was taken 
from tissue blocks and mounted over coated slides. Sections 
were dewaxed and rehydrated through graded alcohols to 
distilled water. The hydrogen peroxide block was applied 
and incubated for 15 min then for antigen retrieval; sections 
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were treated in the microwave of (600 watts) by immersion 
of the slides in citrate buffer solution (PH 7) for 20 min. 
Sections were incubated with primary antibodies. The anti-
bodies used were SLUG (clone OTI1G7, Thermo Scientific, 
diluted at 1/150) and P4HA2 (clone CL0351, Thermo Sci-
entific, diluted at 1/100) for 1 h at room temperature in the 
humid chamber. Then, the slides were washed 2–3 times 
using phosphate-buffered saline solution. After washing, 
secondary staining kits were used according to the manufac-
turer’s instructions (Thermo Scientific, Fremont, CA, USA). 
Counterstaining was done using Mayer’s hematoxylin and 
examined by light microscopy.

Evaluation of SLUG and P4HA2

Both SLUG and P4HA2 were assessed semiquantitatively 
using IHC (H score); (IHC score was calculated by multiply-
ing the degree of staining “0, 1, 2, 3” by the percentage of 
positive staining (“0–100%”) to give a maximum histoscore 
of 300 [20, 21]. The final H score was calculated as follows: 
H score = {(0 × % negative cells) + (1 × % weak positive 
cells) + (2 × % moderate positive cells) + (3% strong posi-
tive cells)} with the overall score ranging from 0 (negative) 
to 300 (100% strong staining). The histoscore was indepen-
dently viewed and scored by two pathologists without dis-
closing the clinical data of these patients.

For survival analysis, the expression of both proteins 
was divided into low and high expression according to the 
median which was 210 for both SLUG and P4HA2 proteins.

Statistical analysis

All statistical calculations were done using SPSS (statisti-
cal package for the social science; SPSS Inc., Chicago, IL, 
USA) version 22. Mann–Whitney test and Kruskal–Wal-
lis (K-test) were used to compare the means of SLUG and 
P4HA2 expression in the studied cases in relation to dif-
ferent clinicopathological features. Spearman correlation 
coefficient was used to investigate the correlation between 
the two markers. The prognostic effect of the various param-
eters on clinical outcome was tested using the Kaplan–Meier 
method with the log-rank test was applied to compare sur-
vival curves. Multivariate analysis was done using the Cox 
regression model. p values of < 0.05 were regarded as sta-
tistically significant.

Results

Clinicopathological characteristics

The clinicopathological characteristics are summarized in 
(Table 1). Briefly, 70 CRC patients were included in the 

study (40 females and 30 males). The mean age at the time 
of diagnosis was 45.47 ± 13.68 (range 19–80 years). All 
cases were adenocarcinoma, with 12 (17.1%) cases were 
grade 1, 49 (70%) cases were grade 2 and 9 (12.9%) cases 
were grade 3 (Table 1).

Table 1  Clinicopathological characteristics

Clinicopathological characteristics No. (70) %

Sex
Male 30 42.90
Female 40 57.10
Age (years)
≤ 50 47 67.10
> 50 23 32.90
Mean ± SD (range) 45.47 ± 13.68 (19–80)
Grade and differentiation
Well differentiated (G1) 12 17.10
Moderate differentiation (G2) 49 70
Poorly differentiated (G3) 9 12.90
Lymph–vascular invasion (LVI)
Positive 18 25.70
Negative 52 74.30
Peri-neural invasion(PNI)
Positive 10 14.50
Negative 59 84.50
Tumor budding
1 22 31.40
2 33 47.10
3 15 15
Poorly differentiated clusters
1 23 32.90
2 32 45.70
3 15 21.40
T stage
T2 30 42.9
T3 25 35.70
T4 15 21.40
Lymph node metastasis
N0 34 48.60
N1 14 20
N2 22 31.40
Distant metastasis
M0 39 55.70
M1 31 44.30
KRAS
Wild 45 64.30
Mutant 25 35.70
Local recurrence
Yes 16 22.90
No 54 77.10



170 Medical Molecular Morphology (2024) 57:167–176

Immunohistochemical expression of SLUG 
and P4HA2

SLUG and P4HA2 were investigated in 70 CRC specimens. 
Both markers were observed mainly in the cytoplasm of 
tumor cells. Positive staining of SLUG and P4HA2 was 
detected in 65/70 (95%) and 67/70 (95.7%) CRC specimens 
respectively (Fig. 1).

Relationship between SLUG and P4HA2 expression 
and clinicopathological criteria

The mean cytoplasmic expression of SLUG and P4HA2 was 
significantly higher in association with adverse prognostic 
factors: presence of LVI (p = 0.027 and p = 0.022) respec-
tively, presence of PNI (P = 0.010and 0.016) respectively, 
higher tumor budding (p = 0.006 and p < 0.0001) respec-
tively, higher T stage (p < 0.0001) for each, presence of LN 
metastasis (p < 0.0001) for each, and presence of distant 
metastasis (p < 0.0001) for each. In addition, CRC speci-
mens that showed KRAS mutation were associated with 
significant higher SLUG and P4HA2 expression (p = 0.007 
and p = 0.002) respectively (Table 2).

No statistically significant difference was detected 
between the mean of SLUG and P4HA2 expression regard-
ing patient age (p = 0.051and p = 0.052) respectively, gen-
der (p = 0.392 and p = 0.369) respectively, tumor grade 
(p = 0.114 and p = 0.242), respectively, and the grades of 
poorly differentiated clusters (p = 0.690 and p = 0.663) 
respectively (Table 2).

Correlation between SLUG andP4HA2 expression 
in CRC specimens:

A significant strong positive correlation was detected 
between the expression of SLUG and P4HA2 (r = 0.971, 
p < 0.0001) in CRC (Table 3).

Survival analysis

Survival analysis was carried out following data dichoto-
mization according to the median. The median expression 
was 210 for both SLUG and P4HA2 markers. Forty (57.1%) 
specimens showed low SLUG expression while 30 (42.9%) 
showed high expression. Thirty-seven (52.9%) specimens 
showed low P4HA2 expression while 33(47.1%) specimens 
showed high expression.

The mean was 27.97 ± 19.09 (range 1–67 months) for 
DFS, and 32.67 ± 18.14 (range 2–72 months) for overall 
survival (OS).

Univariate Kaplan–Meier survival analysis demonstrated 
that high cytoplasmic expression of SLUG and P4HA2 was 
an unfavorable prognostic indicator as regards overall (OS) 
and disease-free survival (DFS). The difference achieved 
statistical significance (SLUG; OS, p < 0.0001and DFS; 
P < 0. 0001), (P4HA2; OS, p < 0. 0001 and DFS, p < 0. 
0001) (Fig. 2). In addition, patients with both SLUG high 
and P4HA2 high showed significant lower OS (p < 0. 0001) 
and DFS (p < 0. 0001) by univariate Kaplan–Meier survival 
analysis.

Fig. 1  Expression of P4HA2 and SLUG in colorectal carcinoma. 
Colorectal carcinoma tissue showing; A strong cytoplasmic expres-
sion of P4HA2 (×400), B strong cytoplasmic expression of P4HA2 in 
areas of high tumor budding (×400), C moderate cytoplasmic expres-
sion of P4HA2 (×400), D mild cytoplasmic expression of P4HA2 

(×400), E strong cytoplasmic expression of SLUG (×400), F strong 
cytoplasmic expression of SLUG in areas of high tumor budding 
(×400), G moderate cytoplasmic expression of SLUG (×400), and H 
mild cytoplasmic expression of SLUG (×400)
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The univariate analysis of the other parameters exam-
ined showed that there was a progressive decline in both 
OS and DFS with advanced T stage (OS, p < 0.0001 
and, DFS, p = 0.004) presence of distant metastasis (OS, 
p < 0.0001 and DFS, p < 0.0001), presence of higher tumor 
budding (OS, p < 0.0001 and DFS, p = 0.005), and with 
presence of KRAS mutations (OS, p = 0.002 and DFS, 
p < 0.0001) (Figs.  3, 4). In addition, there was a pro-
gressive decline in OS but not DFS with presence of LN 

Table 2  Relationship between 
SLUG and P4HA2 expression 
and clinicopathological features

Clinicopathological characteristics SLUG expression P4HA4 expression

Means ± SD p value Means ± SD p value

Sex
Male 165.83 ± 98.23 0.392 170.17 ± 92.88 0.369
Female 187 ± 90.64 190.38 ± 89.76
Age (years)
≤ 50 192.55 ± 95.89 0.051 194.79 ± 92.63 0.052
> 50 149.57 ± 84.50 155.55 ± 83.20
Grade and differentiation
Well differentiated (G1) 140.83 ± 75.64 0.114 149.17 ± 72.76 0.242
Moderate differentiation (G2) 179.90 ± 98.55 183.67 ± 93.98
Poorly differentiated (G3) 220.56 ± 76.17 214.44 ± 91.29
Lymph–vascular invasion (LVI)
Positive 218.61 ± 89.74 0.027 221.39 ± 89.44 0.022
Negative 164.52 ± 92.08 167.98 ± 88.26
Peri-neural invasion (PNI)
Positive 245.00 ± 74.38 0.010 240.00 ± 88.34 0.016
Negative 168.47 ± 93.08 172.88 ± 88.99
Tumor budding
1 107.73 ± 92.73 0.006 111.82 ± 87.852
2 192.27 ± 77.98 191.82 ± 73.25 < 0.0001
3 251.67 ± 51.18 262.00 ± 46.36
Poorly differentiated clusters
1 177.17 ± 94.66 0.690 176.96 ± 96.71 0.663
2 184.69 ± 99.04 189.06 ± 93.04
3 167.00 ± 86.24 173.33 ± 81.93
T stage
T2 121.67 ± 85.48 < 0.0001 126.50 ± 79.76 < 0.0001
T3 191.00 ± 80.99 191.40 ± 80.11
T4 271.00 ± 26.87 276.00 ± 20.28
Lymph node metastasis
N0 192.06 ± 81.80 < 0.0001 136.91 ± 78.11 < 0.0001
N1 196.43 ± 80.51 196.07 ± 72.14
N2 238.64 ± 83.41 241.82 ± 85.02
Distant metastasis
M0 116.97 ± 77.87 < 0.0001 120.00 ± 73.67 < 0.0001
M1 255.97 ± 38.13 259.35 ± 31.51
KRAS
Wild 155.33 ± 93.62 0.007 156.11 ± 89.64 0.002
Mutant 220.00 ± 80.55 227.80 ± 75.07

Table 3  Spearman correlation coefficient:

Slug P4HA2

Spearman's rho
Slug Correlation coefficient 1.000 0.971

Sig. (2-tailed) 0.0 0.000
N 70 70

P4HA2 Correlation coefficient 0.971 1.000
Sig. (2-tailed) 0.000 0.0
N 70 70
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Fig. 2  Kaplan–Meier survival curves: the correlation between expres-
sion of P4HA2 and SLUG and CRC prognosis, assessed by univari-
ate survival analysis. A, C high SLUG expression is associated with 
poor prognosis; disease-free survival (A) and overall survival (C). B, 

D High P4HA2 expression is associated with poor prognosis; disease-
free survival (B) and overall survival (D). E High P4HA2 expression 
is associated with poor disease-free survival in KRAS mutated CRC 

Fig. 3  Kaplan–Meier survival 
curve: the correlation between 
clinicopathological factors 
and DFS in CRC, assessed by 
univariate survival analysis. 
A progressive decline in DFS 
is associated with advanced T 
stage (A) presence of distant 
metastasis (B) presence of 
higher tumor budding (C), and 
presence of KRAS mutations 
(D)
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metastasis (p < 0.0001), presence of LVI (p = 0.049), and 
the presence of PNI (p = 0.033) (Fig. 4).

After multivariate analysis using Cox proportional haz-
ard model, LN metastasis (p < 0.0001; HR = 41.5; 95% CI 
7.203–239.99), and distant metastasis (p = 0.001; HR = 18.5; 
95% CI 3.340–102.703) proved to be the only signifi-
cant independent factor for OS while distant metastasis 
(p = 0.012; HR = 8.1; 95% CI 1.584–42.12) and presence of 
KRAS mutations (p = 0.008; HR = 8.7; 95% CI 1.761–43.63) 
were the only significant independent factors for DFS.

In KRAS mutated cases of CRC, our results demonstrated 
that high P4HA2 expression was the only significant poor 
prognostic indicator regarding DFS (p = 0.013) using uni-
variate analysis (Fig. 2) as well as in multivariate analy-
sis adjusted to age and sex (p = 0.028; HR = 16.1; 95% CI 
1.358–192.310) (Table 4). On the other hand, presence of 

LN metastasis and distant metastasis were the poor prog-
nostic factors for OS (p = 0.009 and p = 0.044) respectively.

In contrast, in KRAS wild cases, the presence of LVI 
(p = 0.013) was the only independent poor prognostic fac-
tor as regards OS, while high P4HA2 expression could not 
be identified as an independent prognostic factor in these 
patients using the Cox proportional hazard model.

Discussion

Tumor microenvironment (TME) is a dynamic process that 
greatly contributes to the progression of different types of 
cancers including CRC by promoting invasion and metasta-
sis [4]. There are different regulators of EMT either intrinsic 
or extrinsic factors with P4HA2 and SLUG proteins are tran-
scriptional factors that play an important role in the regula-
tion of EMT [22].

To date, the role of P4HA2 and SLUG in CRC is not fully 
elucidated. In this study, we immunohistochemically investi-
gated the expression of both markers in relation to different 
prognostic parameters in CRC and in relation to patient sur-
vival. Since KRAS mutations occur frequently in colorectal 
cancer, we asked whether SLUG&P4HA2 overexpression 
may contribute to poor prognosis in KRAS mutated CRC.

Fig. 4  Kaplan–Meier survival curve: the correlation between clinico-
pathological factors and OS in CRC, assessed by univariate survival 
analysis. A progressive decline in OS is associated with advanced T 

stage (A), presence of LN metastasis (B), presence of distant metas-
tasis (C), presence of LVI (D), presence of KRAS mutations (E) and 
presence of higher tumor budding (F)

Table 4  Cox regression analysis of factors affecting DFS in KRAS 
mutated CRC patients

Variable analysis p value HR 95% CI

P4HA2 0.028 16.159 1.358–192.310
Age 0.447 0.595 0.156–2.261
Sex 0.412 1.754 0.458–6.713
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In the current study, high expression of P4HA2 was 
associated with bad prognostic parameters like higher T 
stage, presence of LN metastasis, distant metastasis, and 
presence of LVI and PNI. To the best of our knowledge, 
the prognostic role of P4HA2 was not previously inves-
tigated in CRC. However, it was studied in other tumors 
with similar findings [3, 7, 9]. A study by Wang et al. 
found that an increased level of P4HA2 mRNA was asso-
ciated with advanced stage and grade in hepatocellular 
carcinoma [9]. In addition, a study on cervical carcinoma 
reported that high P4HA2 expression was correlated with 
advanced FIGO stage, LN metastasis, and positive LVI 
[3]. Also, Chang et al. demonstrated a positive relation 
between upregulated P4HA2 expression and metastatic 
potential in oral squamous cell carcinoma [7]. These con-
cordant results highlight the critical role of P4HA2 in can-
cer progression.

P4HA2 is a component of prolyl 4-hydroxylase (P4H), 
a key enzyme in collagen biosynthesis. This enzyme cata-
lyzes the formation of 4-hydroxyproline which is essential 
for the proper folding of procollagen chains [10]. In addi-
tion, P4HA2 directly modifies collagen peptides and stimu-
lates the maturation of collagen fibers which constitute the 
main components of ECM [6]. Abnormal remodeling of 
ECM collagen is a distinctive feature of the TME and can 
induce EMT [6]. As collagen is the primary component of 
ECM fibers, several studies showed that collagen deposi-
tion within the tumor has been proven to promote tumor 
invasion and metastasis [6, 8, 9]. One study on glioma cells 
in vitro showed knockdown of P4HA2 inhibited prolifera-
tion, migration, invasion, and EMT-like phenotype of glioma 
cells. This sounds to consider P4HA2 as an important modu-
lator of TME and an important target for therapy [6].

Interestingly, this study demonstrated higher expression 
of P4HA2 in CRC patients with associated KRAS muta-
tions with no previous reports in CRC literature. Deng et al. 
reported that KRAS mutation can indirectly lead to increased 
expression of P4HA2 through its ability to increase NF-κB, 
which in turn binds to P4HA2 promotor leading to its activa-
tion [23]. This results in modulation of collagen biosynthesis 
and ECM changes that contribute to tumor progression.

The results of this study showed that high expression of 
SLUG was also associated with bad prognostic parameters; 
higher T stage, presence of LN metastasis, distant metasta-
sis, and presence of LVI and PNI which is consistent with 
previous studies [16, 24, 25]. A study by Toiyama, et al. 
found higher expression of SLUG with advanced T stage, 
lymph node involvement, and liver metastasis in CRC 
patients [24]. A study by Shioiri et al. on CRC found that 
positive expression of SLUG was significantly associated 
with advanced Dukes stage and distant metastasis [16]. In 
addition, high expression of SLUG in gastric cancer tissue 
was associated with lymph node metastasis [25].

SLUG is an important transcription factor that controls 
different biological processes, including embryonic develop-
ment, cancer progression, and stem cell reprogramming and 
is one of the key regulators of EMT [26]. It is implicated in 
repression of E-cadherin and pro-apoptotic genes, such as 
PTEN and p53, which facilitate tumor invasion and metasta-
sis. Also, this makes tumor resistant to radiotherapy, chemo-
therapy, endocrine therapy, and even targeted therapy [27].

In addition, our study showed that higher SLUG expres-
sion was associated with KRAS mutations. This is consistent 
with a study by Shao et al. who found that KRAS expression 
strongly induced expression of mesenchymal genes includ-
ing SLUG [28]. Also, a study on breast cancer reported that 
KRAS promotes mesenchymal phenotypes of basal-type 
breast cancer cells through SLUG expression among EMT 
transcription factors [29].

On the other hand, our result is contradictory to a previ-
ous experimental study which reported that SLUG attenuates 
the effects of mutant KRAS in the mouse pancreas [30].

To the best of our knowledge, this is the first study that 
highlights the association between P4HA2 and SLUG 
expression and tumor budding in CRC. In the current study, 
high expression of both proteins was associated with higher 
tumor budding.

Tumor budding has been defined as a single tumor cell 
or small cluster of four or fewer tumor cells at the invasive 
front of the tumor mass and is considered a promising and 
strong prognostic factor in CRC [31]. These tumor buds 
seem to reflect cells in a ‘hybrid’ state of EMT suggesting 
that these cells have a more invasive and migratory potential 
[32]. Since P4HA2 and SLUG are important regulators of 
EMT [33], we can suggest that their higher expression is 
correlated with higher tumor budding.

As regards survival data, the results of this study dem-
onstrated that CRC patients whose tumors express higher 
levels of P4HA2 experience shorter OS and DFS, but the 
independent role of this high expression as a marker of poor 
prognosis is not proven. This result consistent with previous 
reports on breast cancer and cervical carcinoma [3, 8]. On 
the other hand, our result was contradictory with a study on 
pancreatic cancer which demonstrated that low expression of 
P4HA2 was correlated with short DFS and OS [10].

This controversy regarding the prognostic role of P4HA2 
in cancer progression may be attributed to the different 
effects of collagen deposition in TME of several cancers. 
Many previous studies demonstrated that increased colla-
gen deposition by P4HA2 offers physical and biochemical 
signals to enhance tumor initiation and growth. In addition, 
cancer cell invasion usually occurs at tumor stromal inter-
faces with aligned collagen fibers which facilitate cell migra-
tion and metastasis [8, 34]. On the other hand, limited stud-
ies proposed that deposition of collagen around the tumor 
may act as a barrier to confine tumor progression [10].
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Interestingly, we first reported that high expression of 
P4HA2 is the only significant poor prognostic indicator in 
the KRAS mutated CRC group regarding DFS with no pre-
vious reports in literature. This suggests that P4HA2 may be 
an important indicator of recurrence in CRC patients with 
KRAS mutations.

In addition, this study found that CRC patients whose 
tumors express higher levels of SLUG experience shorter 
OS and DFS which is consistent with previous studies on 
CRC [16, 24], esophageal squamous cell carcinoma [35], 
and gastric carcinoma [25]. This might be explained by its 
ability to inhibit E-cadherin and pro-apoptotic genes which 
facilitate tumor invasion and metastasis, and  this makes 
tumor resistant to radiotherapy, chemotherapy, endocrine 
therapy, and even targeted therapy [27].

In this study, a strong positive correlation was present 
between both proteins which was not previously investigated 
in CRC. Although this correlation was not previously inves-
tigated in CRC, a previous study in glioma reported that 
expressions of SNAl1 and SLUG are regulated by P4HA2 
either at transcriptional or translational level [6]. This posi-
tive correlation between two proteins may provide a novel 
pathway for colorectal cancer therapy.

Conclusion

Our data highlight that both SLUG and P4HA2 expression 
may serve as potentially important prognostic biomarkers 
in CRC. In KRAS mutation group, high P4HA2 expression 
is the only independent prognostic factor in tumor recur-
rence. This may allow a better stratification of patients with 
high risk of recurrence in this group and may yield a novel 
target for diagnosis and therapy. The significant positive cor-
relation between SLUG and P4HA2 in CRC suggests that 
targeting these molecules may provide a novel therapeutic 
strategy.

However, further molecular studies on larger sample size 
are recommended to confirm the prognostic role of these 
molecules in CRC and to investigate their possible therapeu-
tic role especially those with KRAS mutations.
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