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Abstract 

Purpose: Although growing studies have reported the disturbances of trace elements (TEs) homeostasis 
was closely associated with the occurrence of colorectal cancer (CRC), the clinical value of TEs in CRC 
with different molecular subtypes was largely unknown. This study aimed to explore the correlation 
between KRAS mutations/MSI status and serum TEs levels in patients with CRC.  
Methods: The serum concentrations of 18 TEs were detected by inductively coupled plasma emission 
spectrometry (ICP-MS). MSI status (two mononucleotides: BAT25, BAT26, three dinucleotides: D2S123, 
D5S346, and D17S250), KRAS (G516T, G517A, G518C, G520T, G521A, G522C, and G532A) mutations 
were detected by the multiplex fluorescent PCR and the real-time fluorescent quantitative PCR, 
respectively. The correlations among KRAS mutations/MSI status, demographic and clinical 
characteristics, and TEs were analyzed by Spearman correlation analysis. 
Results: The propensity score matching (PSM) analysis was adopted to minimize differences between 
groups. Before PSM, 204 CRC patients were recruited in this study, including 123 KRAS-negative patients 
and 81 KRAS-positive patients according to the test results of KRAS mutations, and 165 MSS patients and 
39 MSI patients based on MSI detection. After PSM, the serum concentration of Mn was significantly 
lower in CRC patients with KRAS mutations than those without KRAS mutations, and a significant negative 
correlation was observed between Mn and Pb in the KRAS-positive cases. CRC patients carrying MSI had 
a significantly lower level of Rb compared to MSS patients. Importantly, Rb was significantly positively 
correlated with Fe, Mn, Se, and Zn in patients with MSI. Collectively, all our data indicated that the 
occurrence of different molecular events might be accompanied by different alterations in types and levels 
of serum TEs. 
Conclusions: CRC patients with different molecular subtypes presented different alterations in types 
and levels of serum TEs. Mn was significantly negatively correlated with the KRAS mutations, and Rb was 
noticeably negatively correlated with the MSI status, indicating certain TEs might contribute to the 
pathogenesis of molecular subtype-specific colorectal cancer. 
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Introduction 
Colorectal cancer (CRC) is the fourth most 

common cancer and the third leading cause of cancer- 
related death globally [1]. Morbidity and mortality are 
steadily increasing in developing nations. Currently, 
three signaling pathways were closely associated with 

the occurrence and progression of CRC, including 
chromosome instability (CIN), microsatellite insta-
bility (MSI), and cytosine preceding guanine island 
methylator phenotype. MSI is characterized by the 
extensive length variations of microsatellite sequen-
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ces, which results from the somatic and/or germline 
mutations existing in one of the DNA mismatch repair 
genes accompanied by a circumstance of genetic 
hyper-mutability [2]. With growing studies, MSI is 
not only applied for screening Lynch syndrome (LS) 
but also regarded as a predictive marker for 5-FU 
based adjuvant chemotherapy and immunotherapy. 
However, the application of MSI is highly dependent 
on the proper validation of MSI status clinically, and 
irreproducible and inaccurate results will result in an 
erroneous diagnosis, therapeutic intervention, and 
prognosis. Although immunohistochemistry (IHC) 
staining and polymerase chain reaction (PCR)-based 
tissue tests have shown a high association of MSI, the 
consistency between ctDNA and tissue was 
discrepant based on the methodology of tissue test 
(IHC: 83.0 %, PCR: 97.4 %, NGS: 98.0 %) [3]. Conseq-
uently, both improving the detected consistency of 
different test methodologies and exploring auxiliary 
diagnostic markers to verify MSI status were all 
needed, especially for colorectal patients without 
available tumor tissue. 

Alongside the established genetic contributors, 
environmental factors, such as trace elements (TEs), 
are also regarded as possible culprits in tumorigenesis 
[4, 5]. The concentrations of TEs are very low in the 
human body, ranging from 0.00001% to 0.01%, but 
their influences are tremendous on bodily functions 
due to their component and catalytic roles for many 
enzymes. The imbalance of TEs may lead to cellular 
injury, DNA damage, and excessive activation of 
certain signaling pathways in tumorigenesis and 
progression. For instance, Fe is one of the most 
abundant TEs, which is required for protein 
components and enzyme activities performing a 
variety of biochemical functions. A close correlation 
between excess Fe and increased cancer incidence has 
been reported in epidemiological studies, and tight 
associations between Fe and carcinoma proliferation, 
metabolism, or metastasis have been demonstrated in 
experimental studies [6]. As a cofactor, Mg is 
indispensable for more than 600 enzymes, which were 
involved in cellular homeostasis and metabolic 
pathways [7, 8]. Both epidemiologic and experimental 
studies have proved the antitumor effects of Mg on 
multiple cancer (e.g., colorectal, lung, and bladder 
cancers) [9-12]. Moreover, females with lower serum 
Mg levels showed a higher risk of CRC, but this 
phenomenon was not observed among males, 
suggesting the regulatory mechanism of Mg might 
have sex-selectivity [13]. Zn is a fundamental 
nutritional element and a key component of 
antioxidant enzymes [14, 15]. Zn plays an important 
role in antitumor immunity mostly due to its 
involvement in cell immunity of T-lymphocytes [16]. 

As a natural substance with both nutritional and 
toxicological properties, Se also participates in the 
composition and structural integrity of many 
antioxidant enzymes (e.g., glutathione peroxidase, 
superoxide dismutase, and thioredoxin reductase) 
[17], and displays antitumor effects in multiple cancer 
(e.g., colorectal, lung, prostate, and bladder cancers) 
[18].  

Although the causation between TEs and 
pathogenesis of CRC is still obscured, growing studies 
have indicated that the distributions of TEs were 
significantly different between the carcinoma tissues 
and the para-carcinoma tissues, as well as between the 
oncology patients and the healthy controls [5, 19-21]. 
The concentrations of Al, Ca, Cu, Cr, Mg, Mn, Sn, and 
Si were significantly elevated in colorectal tissues than 
that in adjacent tissue [19, 22-25]. Compared with 
non-CRC patients, the serum concentration of Zn was 
significantly lower in CRC patients [26, 27]. Several 
studies also have indicated that serum high levels of 
Fe were closely correlated with the occurrence of 
CRC, which might result from the higher metabolism 
rate of Fe and further aggravate intracellular 
inflammation in cancer cells [28-30]. What’s more, the 
serum concentration of Mg in CRC patients was 
noticeably lower compared with healthy controls, and 
returned to normal after treatment, indicating the 
potential values of serum Mg in clinical monitoring 
and prognosis [31-33]. However, although certain TEs 
have good abilities to be biochemical markers to 
predict tumorigenesis and progression, their roles in 
molecular subtype-specific colorectal cancer were 
largely unknown. 

In the present study, KRAS (codon 12/13) 
mutations, MSI status, and the serum concentrations 
of 18 TEs were all determined in 204 colorectal 
patients. This study aimed to explore: (i) which of 
serum TEs is correlated with the KRAS mutations or 
MSI status in patients with CRC, (ii) what kind of 
interactions is between the TEs associated with KRAS 
mutations or MSI status and certain demographic and 
clinical characteristics, and (iii) how do they interact 
with other TEs in patients with KRAS-positive CRC or 
MSI CRC. 

Materials and Methods  
Patients and samples collection 

Two hundred and four colorectal patients from 
the Department of anus and intestine surgery in the 
Anyang Tumor Hospital were recruited between 
April 2020 and July 2022. The TNM staging system of 
the American Joint Committee on Cancer (AJCC) was 
preferred and the confirmation of the pathological 
diagnosis was passed by at least three independent 
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pulmonary pathologists. For all cases, genotype 
analysis was performed, including KRAS Codon 
12/13, BRAF V600E, and MSI detections. All patients 
written informed consent, and this study was in 
accord with the Code of Ethics of the World Medical 
Association (Declaration of Helsinki) [34].  

 Inclusion criteria: (1) age > 18, (2) first diagnosis 
of colon cancer or rectal cancer in situ, (3) without any 
treatments, (4) all diagnoses meet the standards of the 
National Comprehensive Cancer Network (NCCN). 

Exclusion criteria: (1) patients had been 
subjected to treatments, including radiotherapy, 
chemotherapy, or targeted therapy; (2) history of toxic 
or trace elements exposure; (3) patients had suffered 
from the surgical procedure within the past six 
months; (4) patients took antioxidants, vitamins, or 
nutritional supplements; (5) patients had other 
diseases, including autoimmune disease, diabetes 
mellitus, gout, hypoglycemia, ketonemia, liver 
diseases, primary kidney disease, protein-energy 
malnutrition, thyroid disease, and vitamin A/D 
deficiency. 

KRAS codon 12/13 and BRAF V600E detections 
KRAS (G516T, G517A, G518C, G520T, G521A, 

G522C, and G532A) and BRAF (T1799A) mutations 
were detected by real-time fluorescent quantitative 
PCR (RT-PCR). Briefly, DNA from each tumor tissue 
was extracted by an FFPE whole genome extraction 
kit (Qiagen, Hilden, Germany). For KRAS mutations, 
the RT-PCR procedure was as follows: 37°C for 
10min, 95°C for 5min, 40 cycles of 95°C for 15s, and 
60°C for 60s using Human KRAS gene detection kit 
(Wuhan YZY Medical Science and Technology Co., 
Ltd, China), and the procedure of BRAF mutations 
was as follows: 37°C for 2min, 95°C for 3min, 45 cycles 
of 94°C for 15s, and 60°C for 35s using BRAF mutant 
detection kit (Beijing SinoMDgene Technology Co., 
Ltd, China) by ABI 7500 Real-Time PCR System (ABI, 
USA). 

MSI detection 
A microsatellite-instability (MSI) panel was 

adopted to detect specific microsatellite repeats based 
on the multiplex fluorescent PCR, which included two 
mononucleotides (BAT25, BAT26) and three 
dinucleotides (D2S123, D5S346, and D17S250). Briefly, 
an FFPE whole genome extraction kit was used to 
extract DNA from each tumor tissue and its matched 
blood sample, and the PCR procedure was as follows: 
95°C for 10min, 35 cycles of 95°C for 30s, temperature 
gradient for 30s, 72°C for 30s, and 72°C for 10min. 
PCR products were kept at 4°C and analyzed using 
capillary electrophoresis with ABI 3730XL DNA 
Analyzer (ABI, USA). MSI is defined as at least one of 
the five markers, including microsatellite-instability- 

low (MSI-L) with only one of the five markers and 
microsatellite-instability-high (MSI-H) with more 
than one marker. A patient without any of the five 
markers was regarded as microsatellite stability 
(MSS). 

Trace elements detection 
The serum concentrations of 18 trace elements 

(TEs) were detected by inductively-coupled plasma 
mass spectrometry (ICP-MS) (Agilent 7800), including 
Arsenic (As), Boron (B), Calcium (Ca), Cobalt (Co), 
Chromium (Cr), Cuprum (Cu), Iron (Fe), Magnesium 
(Mg), Manganese (Mn), Molybdenum (Mo), Nickel 
(Ni), Plumbum(Pb), Rubidium (Rb), Selenium (Se), 
Stannum (Sn), Strontium (Sr), Vanadium (V), and 
Zinc (Zn). ICP-MS is used for multi-elemental 
capabilities analysis and the detection procedures are 
detailed in the manufacturer’s instructions [35]. In 
simple terms, more than 2ml of whole blood for each 
patient was centrifuged at 3000rpm for 10min to get 
the serum, and the serum was stored at -20°C until 
use. 

Statistical analysis 
Categorical variables were expressed as numbers 

and compared by chi-square test in SPSS 22.0 (IBM, 
NY, USA). Continuous variables were shown as 
median with interquartile range (IQR), and compared 
by the Unpaired T test or the Two-tailed 
Mann-Whitney U test in GraphPad Prism 6.0 (La Jolla, 
CA, USA). The propensity score matching (PSM) 
analysis with the nearest neighbor principle was 
performed by MatchIt 4.5.2 in R software (R 4.1.0, R 
Core Team; https://www.R-Project.org). Correlated 
analysis among KRAS mutations/MSI status, 
demographic and clinical characteristics, and 18 TEs 
were analyzed by Spearman correlation analysis in R 
software. A P value of less than 0.05 was statistically 
significant. 

Results 
Patient characteristics 

A total of 204 colorectal patients were recruited 
in this study, and their demographic and clinical 
characteristics were summarized in Table 1. 
According to the results of MSI detection, the number 
of colorectal patients with MSS and MSI (including 
MSI-L and MSI-H) was 165 and 39 (16 and 23), 
respectively. There were no significant differences 
between the MSS group (n=165) and the MSI group 
(n=39) in age, height, weight, gender, drinking 
history, smoking history, family history of cancer, 
family history of colorectal cancer, tumor differenti-
ation, distant metastasis, liver metastasis, CEA level, 
CA-199 level, CA-125 level, KRAS Codon 12/13 
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mutations, and BRAF V600E mutation, while 
significant differences in clinical diagnosis (p＜0.0001) 
and anatomical staging (p ＜ 0.05) were observed 
between these two groups (Table 1). To minimize 
differences between groups, we performed the PSM 
analysis with the nearest neighbor principle for a 1:1 
matching analysis of relevant clinical variables. After 
PSM, the MSS group consisted of 39 patients, which 
was consistent with the MSI group (n=39). 
Expectedly, no significant differences were observed 
between these two groups in all relevant demographic 
and clinical variables (Table 2). 

 

Table 1. The characteristics of CRC patients according to MSI 
status before PSM. 

Characteristics Total (n=204) MSS (n=165) MSI (n=39) P value 
Gender 

    

 Male 114 90 24 0.429 
 Female 90 75 15 
Drinking history 

    

 Yes 71 56 15 0.594 
 No 133 109 24 
Smoking history 

    

 Yes 63 52 11 0.687 
 No 141 113 28 
Family history of cancer 

    

 Yes 83 66 17 0.682 
 No 121 99 22 
Family history of colorectal cancer 

   

 Yes 9 5 4 0.123 
 No 195 160 35 
Clinical diagnosis 

    

 Colon cancer 93 64 29 0.000 
****  Rectal cancer 111 101 10 

Anatomical staging 
    

 Ⅰ 19 16 3 0.018 
*  Ⅱ 91 65 26 

 Ⅲ 71 63 8 
 Ⅳ 23 21 2 
Tumor differentiation 

    

 Low 18 13 5 0.684 
 Middle-low 19 16 3 
 Middle 165 134 31 
 High 2 2 0 
Distant metastasis  

    

 Yes 23 21 2 0.286 
 No 181 144 37 
Liver metastasis 

    

 Yes 17 16 1 0.260 
 No 187 149 38 
CEA at baseline 

    

Normal 118 93 25 0.379 
Elevated 86 72 14 
CA19-9 at baseline 

    

Normal 162 131 31 0.887 
Elevated 41 33 8 
Unknown 1 1 0 

 

CA12-5 at baseline 
    

Normal 189 154 35 0.581 
Elevated 9 6 3 
Unknown 6 5 1 

 

KRAS Codon 12/13 
    

 Yes 81 68 13 0.366 
 No 123 97 26 
BRAF V600E 

    

 Yes 3 3 0 1.000 
 No 201 162 39 
Age (median with IQR) 63 (54-67) 62 (53.5-67) 62.5 

 

Characteristics Total (n=204) MSS (n=165) MSI (n=39) P value 
(57-68.25) 

Height/m (median with 
IQR) 

1.65 (1.58-1.7) 1.65 
(1.58-1.71) 

1.6 
(1.553-1.678) 

 

Weight/Kg (median with 
IQR) 

64.51 
(56-70.95) 

64.6 
(56.9-71.5) 

60 
(56.15-69.55) 

  

*p < 0.05, ****p < 0.0001. 
 

Table 2. The characteristics of CRC patients according to MSI 
status after PSM. 

Characteristics Total (n=78) MSS (n=39) MSI (n=39) P 
value 

Gender 
    

 Male 50 26 24 0.637 
 Female 28 13 15 
Drinking history 

    

 Yes 33 18 15 0.492 
 No 45 21 24 
Smoking history 

    

 Yes 24 13 11 0.624 
 No 54 26 28 
Family history of cancer 

    

 Yes 33 16 17 0.819 
 No 45 23 22 
Family history of colorectal cancer 

   

 Yes 9 5 4 1.000 
 No 69 34 35 
Clinical diagnosis 

    

 Colon cancer 58 29 29 1.000 
 Rectal cancer 20 10 10 
Anatomical staging 

    

 Ⅰ 8 5 3 0.338 
 Ⅱ 44 18 26 
 Ⅲ 21 13 8 
 Ⅳ 5 3 2 
Tumor differentiation 

    

 Low 9 4 5 0.729 
 Middle-low 8 5 3 
 Middle 61 30 31 
 High 0 0 0 
Distant metastasis  

    

 Yes 5 3 2 1.000 
 No 73 36 37 
Liver metastasis 

    

 Yes 2 1 1 1.000 
 No 76 38 38 
CEA at baseline 

    

Normal 48 23 25 0.642 
Elevated 30 16 14 
CA19-9 at baseline 

    

Normal 64 33 31 0.555 
Elevated 14 6 8 
Unknown 0 0 0 

 

CA12-5 at baseline 
    

Normal 72 37 35 0.534 
Elevated 5 2 3 
Unknown 1 0 1 

 

KRAS Codon 12/13 
    

 Yes 26 13 13 1.000 
 No 52 26 26 
BRAF V600E 

    

 Yes 1 1 0 1.000 
 No 77 38 39 
Age (median with IQR) 63 

(58.75-69.25) 
63 (60-70) 63 (56-69) 

 

Height/m (median with IQR) 1.65 (1.575-1.7) 1.66 
(1.58-1.7) 

1.65 
(1.56-1.7) 

 

Weight/Kg (median with 
IQR) 

64.5 (55.38-70) 65 (56.8-70) 60 (55-70)   
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Comparison of TEs and traditional biomarkers 
between the KRAS-positive group and the 
KRAS-negative group 

KRAS point mutations are approximately 45% in 
CRC (https://cancer. sanger.ac.uk/cosmic), and 
certain positions of codon 12/13 display noticeable 
carcinogenesis [36]. The mutant status of KRAS 
(G516T, G517A, G518C, G520T, G521A, G522C, and 
G532A) was successfully determined in 204 CRC 
patients, and the number of KRAS-positive cases and 
KRAS-negative cases were 81 and 123, respectively. 
Since the enrolled patients were below a hetero-
geneous group, a PSM analysis with the nearest 
neighbor principle was used to find the different TEs 
between the KRAS-negative group and the KRAS- 
positive group. Before PSM, the serum concentrations 
of Mn and Se were significantly lower in the 
KRAS-positive group (n=81) than the KRAS-negative 
group (n=123) (Fig. 1I, N), whose median concen-
tration with IQR in the KRAS-positive group and the 
KRAS-negative group were as follows: Mn 8.5 
(7.165-10.97) μg/L vs. 9.9 (7.64-12.58) μg/L and Se 
219.7 (181.4-257.9) μg/L vs. 242.1 (197.1-281.5) μg/L. 
After PSM, the cohort consisted of 81 KRAS-negative 
samples and 81 KRAS-positive samples, and only Mn 
showed a significant difference between these two 
groups (Fig. 1I). The median concentration with IQR 
for Mn after matching in the KRAS-positive group 
and the KRAS-negative group was as follows: Mn 8.5 
(7.165-10.97) μg/L vs. 10.15 (7.935-12.65) μg/L. 

In addition, the serum levels of CEA, CA19-9, 
and CA12-5 were also examined in 204 of 204, 203 of 
204, and 198 of 204 patients, respectively. The normal 
reference range was 0.00-5.00 ng/mL for CEA, and 
0.00-35.00 IU/mL for CA19-9 and CA12-5. For these 
three traditional biomarkers, no significant 
differences were observed between the KRAS-positive 
group and the KRAS-negative group before or after 
PSM (Figure S1). 

Comparison of TEs and traditional biomarkers 
between the MSS group and the MSI group 

Next, the PSM analysis with the nearest neighbor 
principle was also performed to find the different TEs 
between the MSS group and the MSI group. Before 
PSM, the serum concentrations of B and Co were 
significantly higher in the MSI group (n=39) than that 
in the MSS group (n=165), while the serum 
distribution of Rb presented reverse trends in these 
two groups (Fig. 2B, E, M). The median concentration 
with IQR for B, Co, and Rb in the MSS group and the 
MSI group were as follows: B 145.4 (62.5-193.5) μg/L 
vs. 175.8 (123.4-209.2) μg/L, Co 0.16 (0.07-0.265) μg/L 
vs. 0.2 (0.11-0.45) μg/L, and Rb 1332 (1097-1638) μg/L 
vs. 1143 (936.3-1364) μg/L. After PSM, the cohort 

consisted of 39 MSI samples and 39 MSS samples, and 
only the Rb level was significantly lower in the MSI 
group than the MSS group, 1143 (936.3-1364) μg/L vs. 
1278 (1069-1622) μg/L (Fig. 2M). Additionally, we 
also compared the median concentration with IQR of 
CEA, CA19-9, and CA12-5 between the MSS group 
and the MSI group before or after PSM, and no 
significant differences were found for all three 
traditional biomarkers (Figure S2). 

Correlations analysis among KRAS mutations, 
demographic and clinical characteristics, and 
TEs 

Since the information about KRAS mutations, 
demographic and clinical characteristics (gender, 
drinking history, smoking history, family history of 
cancer, clinical diagnosis, anatomical staging, tumor 
differentiation, and distant metastasis), and the serum 
concentrations of 18 TEs were all acquired from the 
KRAS-positive group (n=81) and the KRAS-negative 
group (n=81), we explored their correlations by 
Spearman correlation analysis. Mn was significantly 
negatively correlated with the KRAS mutations (r = 
-0.18, p < 0.05) (Fig. 3). Except for significant correla-
tions between TEs and the demographic character-
istics (gender, drinking history, and smoking history), 
multiple TEs were also significantly correlated with 
the clinical characteristics (clinical diagnosis, 
anatomical staging, tumor differentiation, and distant 
metastasis), such as between tumor differentiation 
and Pb (r = 0.22, p < 0.01) (Fig. 3). Meanwhile, most of 
these metals were significantly correlated with others, 
including between As and Se (r = 0.28, p < 0.001), 
between Mn and Ca (r = 0.16, p < 0.05), and others 
(Fig. 3). 

To further elucidate the interactive mechanisms 
of Mn in KRAS-positive CRC, the Spearman 
correlation analysis was used to explore correlations 
among Mn, demographic and clinical characteristics, 
and other 17 TEs in the KRAS-positive group (n=81). 
No significant correlations were observed except a 
significant negative correlation between Mn and Pb (r 
= -0.22, p < 0.05) (Fig. 4). 

Correlations analysis among MSI status, 
demographic and clinical characteristics, and 
TEs 

To further explore the correlations among 
molecular subtypes, demographic and clinical 
characteristics, and 18 TEs, the Spearman correlation 
analysis was also performed for the MSI cases (n=39) 
and the MSS cases (n=39) after PSM. Rb was 
significantly negatively correlated with the MSI status 
(r = -0.24, p < 0.05) (Fig. 5). Consistent with the results 
between patients with and without KRAS mutations, 
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the same significant correlations were also observed 
between the demographic characteristics and TEs 
(e.g., gender and Ni, drinking history and Rb, 
smoking history and Co), and in most of these metals 
(e.g., As and Ni, As and Se, Rb, and Se) (Fig. 5). 
However, there were no significant correlations 
between family history of cancer and TEs for patients 
based on 1:1 KRAS mutations matching analysis, 

while family history of cancer was significantly 
negatively correlated with Fe (r = -0.26, p < 0.05), Se (r 
= -0.25, p < 0.05), and Zn (r = -0.22, p < 0.05) for 
patients with 1:1 MSI matching, indicating the 
occurrence of different molecular events was 
associated with different alterations in types and 
levels of TEs (Fig. 3 and 5). 

 

 
Figure 1. The comparative analysis of 18 trace elements between the KRAS positive group and the KRAS negative group before or after PSM. Statistical analysis was performed 
by the Unpaired T test or the Two-tailed Mann-Whitney U test. *p < 0.05.  
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Figure 2. The comparative analysis of 18 trace elements between the MSS group and the MSI group before or after PSM. Statistical analysis was carried out by the Unpaired T 
test or the Two-tailed Mann-Whitney U test. *p < 0.05, **p < 0.01. 
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Figure 3. Correlation analysis among KRAS mutations, demographic and clinical characteristics, and 18 trace elements for KRAS-positive patients (n=81) and KRAS-negative 
patients (n=81) after PSM. *p < 0.05, **p < 0.01, and ***p < 0.001.  

 
In addition, the interactions of Rb with other 

factors in patients with MSI CRC (n=39) were also 
explored by Spearman correlation analysis. Interest-
ingly, Rb did not show any significant correlations 
with the demographic and clinical characteristics, 
while it was significantly positively correlated with Fe 
(r = 0.49, p < 0.01), Mn (r = 0.36, p < 0.05), Se (r = 0.43, 
p < 0.01), and Zn (r = 0.54, p < 0.001) (Fig. 6). 

Discussion 
Here 204 patients were recruited, including 123 

KRAS-negative patients and 81 KRAS-positive 
patients according to the KRAS mutant test results, 
and 165 MSS patients and 39 MSI patients based on 

the detection of MSI status. After PSM, the serum 
concentration of Mn was significantly lower in CRC 
patients with KRAS mutations than those without 
KRAS mutations, and a significant negative correl-
ation was observed between Mn and Pb in the 
KRAS-positive cases. CRC patients carrying MSI had a 
significantly lower level of Rb compared to MSS 
patients. Importantly, Rb was significantly positively 
correlated with Fe, Mn, Se, and Zn in patients with 
MSI. Collectively, all our data indicated that the 
occurrence of different molecular events might be 
accompanied by different alterations in types and 
levels of TEs. 
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Unsupervised clustering of gene alteration 
profiles has revealed intratumoral heterogeneity, 
which is useful to identify various molecular subtypes 
in CRC [37, 38]. KRAS mutation is the most common 
variation type accounting for 45%-65% of the total 
patients with CRC. Although the classic tumori-
genesis pathway focusing on APC/KRAS/TP53 
mutations has been established well in CRC [39, 40], 
the diverse biochemical properties of KRAS 
mutational isoforms to hydrolyze GTP and activate 
downstream signaling pathways still challenge 
scientists and physicians dramatically [41, 42]. More-
over, metastatic CRC carrying KRAS mutations shows 
remarkable resistance to cetuximab due to the 

integrated activation of the RAS-RAF-MEK-ERK 
pathway [43, 44]. Thus, it is interesting to explore the 
risk factors associated with KRAS mutations to 
elucidate pathogenesis and evaluate prognosis in 
CRC. 

In this study, patients carrying KRAS mutations 
had a significantly lower level of Mn compared to 
those carrying wild-type KRAS. What’s more, Mn was 
significantly negatively correlated with Pb in the 
KRAS-positive cases. To our knowledge, it is the first 
time to report these findings in Chinese patients with 
CRC. Recently, Sajida et al. has reported that the 
expression of the Ca2+ activated potassium channel 
KCNN4 (SK4) is significantly enhanced in CRC 

 

 
Figure 4. Correlation analysis among demographic characteristics, clinical characteristics, and 18 trace elements in CRC patients with KRAS-positive mutations (n=81). *p < 0.05, 
**p < 0.01, and ***p < 0.001.  
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tissues in comparison with the normal tissues, and 
KCNN4 expression is much higher in patients with 
KRAS-positive mutations than wild-type patients [45]. 
What’s more, SK4 plays a crucial role in accelerating 
cell migration and invasion via regulating Ca2+ entry 
in HCT116 cells [45]. As an essential nutrient, copper 
is highly needed for cell growth and metastasis in 
tumor tissues, and copper-related diagnostic methods 
have been proposed in multiple cancers including 
CRC [46]. The copper (Cu)-exporter ATP7A is 
upregulated at the KRAS-mutated cells’ surface and 
protects these cells from cuproptosis, indicating a 
KRAS-selective vulnerability based on the copper 
bioavailability in CRC [47]. In addition, early 
hypomagnesemia was a predictor of efficacy and 

outcome in wild-type KRAS advanced colorectal 
cancer patients receiving cetuximab + irinotecan 
(CTX+IRI) [48]. In mice, compared to selenium from 
yeast, dairy-selenium noticeably increased plasma 
selenium levels and acute apoptotic response to 
azoxymethane (AARGC), and reduced cell 
proliferation and Kras mutation frequency in aberrant 
crypt foci (ACF), indicating the plasma alterations of 
certain TEs might reduce the morbidity of cancers 
with specific molecular subtypes [49]. Collectively, 
although only a few researchers have reported the 
correlations between KRAS mutations and serum TEs 
accumulations, their specific roles contributing to 
tumorigenesis, progression, and metastasis in KRAS 
mutant subtypes should not be neglected. 

 

 
Figure 5. Correlation analysis among MSI status, demographic and clinical characteristics, and 18 trace elements for MSI patients (n=39) and MSS patients (n=39) after PSM. *p 
< 0.05, **p < 0.01, and ***p < 0.001.  
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Figure 6. Correlation analysis among demographic characteristics, clinical characteristics, and 18 trace elements in CRC patients with MSI (n=39). *p < 0.05, **p < 0.01, and ***p 
< 0.001 

 
The clinical application of MSI is highly 

dependent on its accurate detection, and the 
consistency between ctDNA and tissue or among 
different test methodologies (e.g., NGS, PCR, and 
IHC) was still discrepant [50, 51]. Thus, besides 
improving the detection consistency, it is also 
necessary to complement biochemical alterations 
closely associated with MSI. In this study, the serum 
concentration of Rb in patients carrying MSI was 
significantly lower than that in MSS patients. 
Importantly, Rb was significantly positively correla-
ted with Fe, Mn, Se, and Zn in patients with MSI. 
Compared with published papers, these correlations 
were first reported in Chinese patients. Currently, 

only a few epidemiologic studies have reported the 
correlations between the MSI status and TEs for 
patients with CRC. In a prospective follow-up study 
for 88,506 women and 47,733 men, calcium intake was 
strongly associated with CIMP-negative/low and 
MSS/MSI-L subtypes [52]. However, another two 
case–case studies reported that calcium intake within 
5 years before CRC diagnosis did not show significant 
associations with CIMP subtypes and MSI status [53, 
54]. The discrepancy might be due to diverse recruited 
populations including different calcium intake, 
absorption, and utilization. Meanwhile, a noticeable 
correlation between the serum concentration of Ca 
and the MSI status was also not observed in our 
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study. In addition, low cuproptosis (copper-induced 
cell death) scores were closely associated with high 
tumor mutation burden, MSI-H, high CTLA4 expres-
sion, and high immune cell proportion score, indica-
ting a novel cuproptosis-related molecular pattern to 
guide individualized treatment [55]. Consequently, it 
is interesting to discover the correlations between TEs 
and specific molecular subtypes, which not only helps 
to elucidate the pathogenesis of CRC but also helps to 
provide novel therapeutic concepts and means. 

Still, this study has several limitations. Firstly, 
healthy controls were not enrolled and only the CRC 
patients were recruited. The reason for this situation is 
mainly because our original intention was to explore 
the biochemical differences of molecular subtype- 
specific CRC, focusing on the KRAS-negative group 
vs. the KRAS-positive group, and the MSS group vs. 
the MSI group. Consistent with previous studies, 
more than half of MSI-H patients are diagnosed with 
colon cancer (86.96%, 20/23) and at Stage II (69.57%, 
16/23) [56], indicating the reliability of our data 
indirectly. Secondly, the detection of 18 TEs was only 
performed on blood samples without matched tumor 
tissue for every case in this study, which is mainly 
because of the limitation of tumor tissue size and 
amount. On the other hand, the more convenient and 
less invasive the method, the more popular it will be 
received for diagnosis and monitoring in clinical. 
Lastly, the sample size was small, especially for the 
number of molecular subtype-specific patients, and 
these results need to be verified by larger sample sizes 
and multicenter studies. 

Conclusions 
CRC patients with different molecular subtypes 

presented different alterations in types and levels of 
serum TEs. Mn was significantly negatively correlated 
with the KRAS mutations, and Rb was noticeably 
negatively correlated with the MSI status, indicating 
certain TEs might contribute to the pathogenesis of 
molecular subtype-specific colorectal cancer. 
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