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Abstract
Background and purpose: Colorectal cancer (CRC) is one of the most common malignant tumors with the
highest mortality globally. At present, there is no exact biomarker to predict the prognosis and
clinicopathological monitoring of CRC patients. Recent studies on the relationship of Karyopherin α 2
(KPNA2) expression and the prognosis of CRC has gradually become a hot spot while the results are still
controversial. The aim of this study was to analyze and assess the prognostic role of KPNA2 in CRC
patients.

Methods: PubMed, Web of Science, Medline, EMBASE, CNKI, Wanfang, VIP, and Chinese Medical
Database were systematically searched. The cohort study of high-level expression of KNPA2 and low-
level expression of KPNA2 in CRC patients was included, the relevant data were extracted and the
literature quality was evaluated. At the same time, the relationship between KPNA2 expression level and
the overall survival (OS), the clinicopathological stage of CRC patients was studied. Meta-analysis was
carried out by Stata MP 17.0 (Stata Corporation, College Station, TX, USA) software.

Results: A total of 7 cohort studies involving 1166 patients were included. The analysis results showed
that higher KPNA2 expression was signi�cantly associated with higher tumor stage (OR=1.90, 95% CI
1.42–2.54), higher degree of tumor invasion (OR=2.14 95% CI 1.55-2.94), more lymph node metastasis
(OR=2.20, 95% CI 1.68-2.88) and more distant metastasis (OR=3.66 95% CI 1.81-7.40). Moreover, higher
KPNA2 expression was signi�cantly associated with the shorter OS (HR=2.31, 95%CI 1.46-3.68).

Conclusion: KPNA2 overexpression is an unfavorable prognostic factor for CRC patients. It could serve as
a prognostic biomarker and as a potential therapeutic target for CRC.

Background
CRC ranks third in terms of incidence of cancer (1.9 million cases) and the second-largest cause of
cancer-related death (925000 deaths) in the world [1]. Although earlier diagnosis and the earlier clinical
treatment are bene�cial to the CRC patients, the prognosis of CRC patients with distant metastasis is still
poor. Trying to �nd biomarkers that could be served as the prognostic and therapeutic targets for CRC will
help to improve the patients’ quality of life and reduce mortality.

There are 7 known members of the Karyopherin α family. KPNA2 is one of the most important members
[2], and its degree of evolution is very conservative [3, 4]. The dysfunction of karyopherin led to a variety of
diseases, including tumors. Therefore, the study of nucleocytoplasmic transport mechanism is of great
signi�cance for the diagnosis, treatment and prognosis of tumors [5]. In recent years, more and more
studies have shown that the expression of KNNA2 is abnormal in various tumors, and its expression level
is closely related to the malignant degree and prognosis of tumors. Therefore, we speculated that KPNA2
might play crucial roles in tumors occurrence and progression [6]. From the published literatures, the
relationship between KPNA2 expression and prognosis of CRC remains controversial. This meta-analysis
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then aimed to study the relationship between KPNA2 expression and tumor prognosis and
clinicopathological stage in CRC patients.

Materials And Methods
1.1. Literature search and selection

PubMed, web of science, MEDLINE, EMBASE, CNKI, Wanfang, VIP and Chinese Medical Database were
searched to select the potential articles related to CRC and KPNA2 up to November 30, 2021. The search
of published literatures was undertaken using the following search words: "KPNA2", "karyopherin alpha
2", "rch1", "rag cohort protein 1", "colorectal cancer", "colon cancer", "rectal cancer".

1.2. Inclusion and exclusion criteria of literature

Only literatures published in English or Chinese were selected. The references and other similar articles
related to the retrieved articles were also screened.

1.2.1. Inclusion criteria: (1) The patients were diagnosed as CRC; (2) The expression level of KPNA2 was
detected; (3) The association of KPNA2 expression with tumor clinicopathological stage or OS was
evaluated; (4) The su�cient data were provided to estimate the hazard ratios (HRs) or odds ratios (ORs)
and their 95% con�dence intervals (95% CIs); (5) The papers are published in English or Chinese. (6) For
articles with the same or duplicate data, only those with the largest sample size or the latest sample size
were selected.

1.2.2. Exclusion criteria: (1) The relationship between KPNA2 expression and CRC was not reported; (2)
Meeting summaries, case reports, summaries, editorial letters and comments; (3) Animal research.

1.3. Data extraction and Quality Assessment

Data extraction and literature quality evaluation were performed by 2 independent well-trained
researchers. If there was any disagreement, it was discussed and resolved with reference to the original
literature on the basis of the participation of the third researcher. The author's name, year of publication,
number of patients, detection method, sample source, tumor stage, survival rate, KPNA2 expression levels
and cutoff value were extracted from the original literature (Table 1). If there was missing data, it was
supplemented by contacting the literature author. Table 2 showed the modi�ed Newcastle-Ottawa scale
(NOS) [7], which evaluated the quality of the included literatures through three dimensions: patient
selection, comparability and outcome. Studies with NOS scores ≥5 were regarded as high quality.

Table 1 The basic characteristics of the included literatures
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Note: IHC, immunohistochemistry; IRS: immunoreactive score, NR: not reported.

Table 2 Revised Newcastle-Ottawa scale
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Note: A maximum of one star (*) can be given for each numbered item within the ‘Selection’ and
‘Outcome’ categories. While a maximum of two stars (**) can be given for ‘Comparability’

1.4. Statistical analysis

Odds ratios (ORs) with 95% con�dence interval (CI) were utilized to evaluate the association of KPNA2
expression levels with clinical parameters, and the risk ratios (HRs) of 95% CI were used to analyze the
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association between KPNA2 expression levels and OS. Cochrane's Q test and I² measurements were used
to assess the heterogeneity of the pooled results. P > 0.10 or I² < 50% were considered as the
heterogeneity without statistical signi�cance, and then the �xed-effect model should be used, otherwise
the random effect model should be used. The validity and reliability of the data were evaluated by
sensitivity analysis. The risk of publication bias was assessed using the Begg’ s funnel plot. All statistical
analyses were performed using STATA version 17.0 (STATA Corporation, College Station, TX, USA).

Results
2.1. Studies selection and the characteristics of the included studies

Using the above strategy, a total of 103 studies were identi�ed. After further screening stepwise, 7 eligible
cohort studies (Fig. 1) were �nally included [8-14]. A total of 1166 CRC patients, of which 773 (66.3%) with
‘high’ KPNA2. The basic characteristics of the included studies are shown in Table 1.

2.2. KPNA2 expression and OS of CRC Patients

The analysis of the relationship between KPNA2 expression and OS in CRC patients showed that high
expression of KPNA2 was signi�cantly correlated with the shortening of OS in CRC patients (Fig. 2A, HR =
2.31, 95% CI 1.46-3.68), but there existed heterogeneity (I²= 55.4%, P=0.047); The results of sensitivity
analysis showed that the overall trend did not change when each study was deleted item by item (Fig.
2B); Begg’ s funnel analysis of literature publication bias showed that no publication bias was found (Fig.
2C, PR > |z| = 1.000).

2.3. KPNA2 expression and clinicopathological features

Six studies reported the association between the degree of tumor invasion and KPNA2 expression. The
results showed that CRC patients with higher expression of KPNA2 had a higher degree of tumor invasion
(Fig. 3A, OR = 2.14, 95% CI = 1.55-2.94), and there was no signi�cant heterogeneity between the results (I²
= 0.0%, P = 0.645); Six studies demonstrated the association between KPNA2 expression and lymph node
metastasis. The combined data of the included studies showed that the expression of KPNA2 in CRC
patients was positively correlated with the degree of lymph node metastasis (Fig. 3B, OR = 2.20, 95% CI =
1.68-2.88), and the heterogeneity was not obvious (I² = 42.9%, P = 0.199); Four studies reported the
association between KPNA2 expression and tumor distant metastasis. The analysis results showed that
CRC patients with higher KPNA2 expression were more prone to distant metastasis (Fig. 3C, OR = 3.66,
95% CI = 1.81-7.40), and there was no signi�cant heterogeneity among these studies (I² = 48.6%, P =
0.120).

Sensitivity analysis was performed after deleting each study one by one, and the overall trend did not
change (Figure 4A-C). The results of Begg’ s funnel plot showed that there was no signi�cant publication
bias (Fig. 5A-C, Pr > | z | = 0.133; Pr > | z | = 1.000; Pr > | z | = 0.089).
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The pooled data from four studies showed that the expression of KPNA2 was positively correlated with
the tumor stage of CRC patients (OR = 1.90, 95% CI = 1.42 – 2.54), and no signi�cant heterogeneity was
observed between studies (Fig. 6A, I² = 0.0%, P = 0.555). The results of sensitivity analysis show that
excluding any study does not change the overall trend, indicating that the results are statistically
signi�cant (Fig. 6B). Begg’ s funnel plot shows that there is no signi�cant publication bias (Fig. 6C, PR >
|z| = 0.734).

2.4. Subgroup analysis based on different cut-off values of KPNA2 expression

Since different cutoff values were used in each study to de�ne the high expression of KPNA2, we further
performed subgroup analysis according to different cutoff values to evaluate whether the correlation
between KPNA2 expression and OS or tumor stage was statistically signi�cant when different cutoff
values were used. Subgroup analysis showed that when IRS ≥ 3 was used as the cut-off value, the higher
the expression level of KPNA2, the shorter the OS, and this result was statistically signi�cant (Fig. 7A, HR
2.69, 95% CI 1.38-5.24). When IRS ≥ 4 or ≥ 6 was used as the cut-off value, the higher the expression
level of KPNA2, the deeper the depth of tumor invasion (Fig. 7B-C, OR 1.84, 95% CI 1.17-2.88; OR 3.23,
95% CI 1.64-6.25) and the more lymph node metastases (OR 2.58, 95% CI 1.78-3.72; OR 2.32, 95% CI 1.18-
4.55) and the result was statistically signi�cant. When IRS ≥ 6 was de�ned as the cut-off value, the
higher the expression level of KPNA2, the greater the possibility of distant metastasis of CRC (Fig. 7D, OR
6.18, 95% CI 1.83-20.91). When IRS ≥ 4 was de�ned as the cut-off value, the higher the expression level
of KPNA2, the lower the degree of tumor differentiation (Fig. 7E, OR 1.90, 95% CI 1.42-2.54), and the result
was statistically signi�cant.

Discussion
CRC is one of the most common cancers in the world. In recent years, the promotion of early screening
has signi�cantly reduced the mortality rate of CRC, but the prognosis of patients with advanced CRC still
remains very poor [15]. Tumor biomarkers such as carcinoembryonic antigen (CEA) and CA19-9 have been
used in the screening and monitoring of CRC [16, 17], and the sensitivity of these markers to the monitoring
of prognosis and pathological staging of CRC patients is still controversial. Therefore, new biomarkers
should be determined. It is necessary to predict the prognosis and progression of tumors in CRC patients
and for clinical targeted therapy.

Studies have shown that the high expression of KPNA2 is positively correlated with tumor staging and
progression, suggesting that KPNA2 may be involved in the process of tumor progression [6]. A meta-
analysis conducted by Zhou LN et al [18] con�rmed that KPNA2 overexpression is associated with the
poor prognosis of 15 types of malignant tumors, including breast cancer, prostate cancer, endometrial
cancer, ovarian cancer, and non-small cell lung cancer. It is expected to become a biological indicator to
monitor the prognosis of malignant tumors in the future. Many studies have reported the relationship
between KPNA2 expression and CRC progression and prognosis, but there is no systematic elaboration
on the association between the high expression of KPNA2 and the prognosis and clinicopathological
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stage of CRC patients [8-14]. This study comprehensively reviewed the value of KPNA2 expression in the
prognosis and clinicopathological staging of CRC patients.

This meta-analysis includes 7 studies with 1166 CRC patients, of which 773 (66.3%) with ‘high’ KPNA2.
Firstly, the association between high KPNA2 expressions and the OS was analyzed, the results showed
that OS was shortened in CRC patients with high KPNA2 expression. Secondly, we analyzed the
relationship between the expression of KPNA2 and the depth of tumor invasion, the results showed that
the higher the expression level of KPNA2, the deeper tumor invasion. The results of this meta-analysis
also showed that CRC patients with high expression of KPNA2 tended to have a higher degree of lymph
node metastasis and distant metastasis. The results of pooled analysis on the relationship of KPNA2
expression with CRC tumor stage showed that the higher the expression level of KPNA2, the higher the
tumor stage. In conclusion, the analysis results showed that KPNA2 could promote CRC invasion and
metastasis, resulting in poor prognosis of CRC patients. Subgroup analysis of high-level expression of
KPNA2 de�ned by different cutoff values showed that when the cutoff value was IRS ≥ 3, its correlation
with OS shortening in CRC patients was statistically signi�cant. When the cut-off value is IRS ≥ 4 or ≥ 6,
the high level of KPNA2 expression is associated with deeper in�ltration depth and higher degree of
lymph node metastasis in CRC patients, and the results are statistically signi�cant. When the cutoff value
is IRS ≥ 6, the correlation between high expression of KPNA2 and distant metastasis of CRC is
statistically signi�cant. When the cut-off value is IRS ≥ 4, it is signi�cantly correlated with a higher degree
of tumor stage in CRC patients, and the results are statistically signi�cant. These results show that
selecting an appropriate cutoff value to de�ne the high expression of KPNA2 is essential for the accurate
monitoring of the prognosis or clinicopathology of CRC patients.

This meta-analysis still has some possible limitations. First, the sample size of the included studies is
relatively small. Only 7 studies were included in this meta-analysis, the �rst published in 2013, and 5
studies in recent 5 years. At present, there are still few cohort studies on the relationship between KPNA2
and CRC prognosis and clinicopathological stage. Secondly, the difference in the cutoff value of KPNA2
high expression between different studies may affect the accurate evaluation of CRC prognosis. Although
relevant subgroup analysis has been performed in this study, the �nal conclusion remains to be
discussed due to the limited number of subgroup studies. Large multicenter studies using the same
detection method and cut-off value may help to obtain more accurate results in the future. Thirdly, there is
heterogeneity in the analysis results of the relationship between KPNA2 expression and OS in CRC
patients in this meta-analysis. Although the exclusion of each study one by one in the sensitivity analysis
does not change the overall trend, if the sample of Yu L et al [11] is excluded for this meta-analysis, the
heterogeneity will be signi�cantly reduced. It is not di�cult to �nd that in the study of Yu L et al., the HR
of overall survival is signi�cantly lower than that of other studies, the reason is that in the survival
analysis in the original literature, the overall survival rate of the low expression group of KPNA2 is lower
than others. In fact, there are differences in molecular carcinogenesis, pathology, surgical topography and
procedures, and multimodal treatment of colon cancer and rectal cancer [19]. Li M et al [20] retrospectively
evaluated 230 CRC patients and found that the prognosis of colon cancer was signi�cantly better than
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that of rectal cancer (70.6% vs. 57.0%; p=0.017). However, there are only two studies included in this
meta-analysis focused on colon cancer [8, 9], the other �ve studies [10-14], including Yu L et al, were not
strati�ed by tumor sites, and this may be the source of heterogeneity.

In conclusion, the results of this meta-analysis demonstrated that KPNA2 expression may be signi�cantly
correlated with tumor stage, invasion, metastasis, and survival of CRC patients. To accurately evaluate
the prognosis and clinical stage of CRC through the expression of KPNA2, we should further explore and
de�ne the appropriate cut-off value of KPNA2 high expression. KPNA2 can be used to evaluate the
clinicopathological stage of tumor in preoperative, monitor the recurrence in postoperative, and as a
target for targeted therapy. However, this conclusion still needs to be con�rmed by more large-scale
prospective studies.
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Figures

Figure 1

Flow chart of study selection procedure
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Figure 2

Analysis results of the relationship between KPNA2 expression and OS in CRC patients. A. Forest plot for
the association between KPNA2 expression and OS; B. Sensitivity analysis of the relationship between
KPNA2 expression and OS; C. Funnel plot of publication bias for OS

Figure 3

Forest plot for the relationships between KPNA2 expression and the tumor stage of CRC patients. A
shows the relationship between KPNA2 expression and the depth of tumor invasion. B shows the
relationship between KPNA2 expression and the lymph node metastasis. C shows the relationship
between KPNA2 expression and the distant metastasis.

Figure 4

Sensitivity analysis results for meta-analysis of the relationship between KPNA2 expression and the
clinicopathologic stage of CRC patients. A. the depth of tumor invasion; B. the lymph node metastasis; C.
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the distant metastasis.

Figure 5

Begg’s funnel plots of publication bias for meta-analysis of the relationship between KPNA2 expression
and the clinicopathologic stage of CRC patients: A. the depth of tumor invasion; B. the lymph node
metastasis; C. the distant metastasis

Figure 6

Analysis results of relationship between KPNA2 expression and tumor stage in CRC patients. A. Forest
plot for the association between KPNA2 expression and tumor stage; B. Sensitivity analysis of the
relationship between KPNA2 expression and tumor stage; C. Funnel plot of publication bias for tumor
stage
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Figure 7

Forest plot for subgroup analysis based on different cut-off values. A. The relationship between KPNA2
expression and OS; B. The relationship between KPNA2 expression and the depth of tumor invasion; C.
The relationship between KPNA2 expression and the lymph node metastasis; D. The relationship between
KPNA2 expression and the distant metastasis; E. The relationship between KPNA2 expression and tumor
stage


