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Long noncoding RNA small nucleolar RNA host gene 1
as a potential novel biomarker for intraperitoneal
free cancer cells in colorectal cancer

Yudi Wu,1,2,3 Liang Liu,1,3 Fangxun He,1 Yujie Zhang,2 Wei Jiang,1,* Zhixin Cao,1,* Xiangshang Xu,1,2,4,*

and Jianping Gong1,2,*
SUMMARY

Colorectal cancer (CRC) is a prevalent cancer with intraperitoneal free cancer cells (IFCCs) playing a signif-
icant role in prognosis, especially during surgeries. The identification of IFCCs is crucial for determining
the stage and treatment of patients with CRC. Existing methods for IFCC detection, such as conventional
cytology, immunocytochemistry (ICC), and polymerase chain reaction (PCR), have limitations in sensitivity
and specificity. This study investigates the potential of long noncoding RNA (lncRNA) SNHG1 as a
biomarker for detecting IFCCs in patients with CRC. Testing on a cohort of 91 patients with CRC and
26 patients with gastrointestinal benign disease showed that SNHG1 outperformed CEA in distinguishing
CRC cells and detecting IFCCs across different disease stages. SNHG1 demonstrated higher sensitivity
(76.1% vs. 43.1%) and specificity (68.4% vs. 52.3%) than CEA for IFCC detection in patientswith CRC, sug-
gesting its promising role as a clinical method for identifying IFCCs in CRC.

INTRODUCTION

Colorectal cancer (CRC) is a malignancy with the third-highest incidence rate and the second-highest death rate globally.1 The comprehen-

sive treatment for CRC is based on surgery, radiotherapy and chemotherapy.2–4 Although significant progress has been made in the treat-

ment of CRC, it is notable that a substantial proportion of patients, ranging from 10 to 30%, continue to experience peritoneal recurrence

following radical resection.5,6 Intraperitoneal free cancer cells (IFCCs) can be detected in the peritoneal irrigation fluid during CRC surgeries,

and positive IFCCs are considered to be the first step of CRC peritoneal spread.7 Several studies have confirmed the association of positive

IFCCs with recurrence and poor prognosis of CRC.7–14 Furthermore, the efficacy of treatments targeting positive abdominal exfoliative cells,

such as hyperthermic intraperitoneal chemotherapy (HIPEC), has illustrated the potential significance of IFCCs as a prognostic factor.15

Consequently, the accurate identification of IFCCs positivity can enable more timely and precise therapeutic interventions, ultimately

enhancing the patient’s prognosis.

IFCCs in peritoneal lavage fluid have not been routinely tested clinically, and several studies have used a variety of assays to detect it. The

most commonly used assays are cytology,9,10 immunocytochemistry (ICC),11,12 and reverse transcription-polymerase chain reaction (RT-

PCR).13,14 Various detection methods have their advantages and disadvantages, and there is no clinical gold standard for detecting IFCCs

right now. Conventional cytology, renowned for its simplicity and high specificity,7 is currently the predominant adjunctive diagnostic method

employed in clinical practice. However, it is essential to note that numerous studies have reported the sensitivity of cytology to be less than

10%, which poses challenges in detection, even among patients in the advanced stages of the disease.9,10,16–18 In order to improve the sensi-

tivity and accuracy of diagnosis, ICC and RT-PCR were used to detect IFCCs in peritoneal lavage fluid. In ICC detection, carcinoembryonic

antigen (CEA), Ra96, carbohydrate antigen (CA19-9) and cytokeratin 20 (CK20) were always chosen as the target to be evaluated by different

monoclonal antibodies.11,12,19 CK20, CEA mRNA or human mammaglobin-A (hMAM-A) and hMAM-B expression were the common detec-

tion targets in RT-PCR assay.13,20,21 Although ICC assay improves the sensitivity of detecting IFCCs, it has been noted to diminish specificity

and does not adequately address the limitations of conventional cytology.12,19,22 In recent years, RT-PCR has emerged as a favored method

for detecting IFCCs in numerous research studies. The quantitative amplification of DNA greatly enhances the efficiency of this assay after

reverse transcription, allowing for the detection of even minute amounts of mRNA.23 RT-PCR is widely regarded as the most sensitive assay

to detect IFCCs, with CEA being themost commonly utilized and reliable biomarker for CRC cells to date.13,24,25 The sensitivity and specificity

of current biomarkers used for the detection and diagnosis of IFCCs from CRC are not always as satisfactory as desired, especially the insuf-

ficient sensitivity (Table 1).
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Table 1. The Sensitivity and Specificity of Existing Biomarkers used in IFCC detection of CRC

Biomarkers Sensitivity Specificity Reference

CEA 40.0% 90.0% Lloyd et al.13

35.7% 87.5% Hara et al.26

66.7% 61.9% Rossi Del Monte et al.27

20.0% 92.5% Ouchi et al.25

35.3% 86.8% Murono et al.28

CK20 26.7% 99.1% Lloyd et al.13

0.0% 50.0% Altomare et al.20

33.3% 92.8% Rossi Del Monte et al.27

Matrilysin（MMP-7） 33.3% 83.6% Lloyd et al.13

100.0% 60.8% Sica et al.29

K-ras 14.6% 95.5% Kristensen et al.21

ephrin B4 0.0% 98.2% Lloyd et al.13

laminin gamma2 0.0% 98.2% Lloyd et al.13
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However, it is important to highlight that positive IFCC detection has also been observed in a subset of patients with benign conditions

and early-stage CRC,26,28 which raises questions regarding the specificity of RT-PCR (CEA mRNA). Both in vitro and in vivo experiments have

confirmed that CEA can be expressed in inflammatory cells.30 Malignant or benign intestinal diseases are often accompanied by the inflam-

matory environment, which can lead to the non-specific increase of CEA expression in epithelial cells. The low specificity and potential for false

positives can result in unnecessary intraperitoneal chemotherapy and heightened postoperative anxiety for patients. Over the years, various

research teams have explored new technical methods to detect IFCCs, such as serosal stamp technique31 and immunofluorescence for

epithelial markers.27 However, no breakthroughs have been achieved to date. Consequently, there has been a shift in focus toward the iden-

tification of more sensitive and specific biomarkers to enhance the accuracy and reliability of IFCC detection.

Long noncoding RNAs (lncRNAs), characterized by lengths exceeding 200 nucleotides, are non-coding RNAs that exert multiple functions

through interactions with various cellular molecules.32 Several lncRNAs have been identified to regulate CRC growth and development, and

their aberrant expression often represents an abnormal or disease state.33,34 Recent studies have reported the diagnostic potential of

lncRNAs. Compared with TNM staging alone, combined detection of lncRNA GLCC1 expression levels can accurately predict the prognosis

of patients with CRC.35 LncRNA KRT7-AS and KRT7 expression among patients with CRC may be potential early predictors of lymph node

status.36 Notably, lncRNA NEAT1 has demonstrated high diagnostic potential, with an AUC value of 0.845, a sensitivity of 83.3% and a spec-

ificity of 83.3% to distinguish patients with CRC from healthy individuals.37 The stability of lncRNAs also ensures reliable and reproducible

detection results, as demonstrated by the stability of lncRNA-GC1 at room temperature for over 30 min post-sampling.38 LncRNA SNHG1

was illuminated to form a regulatory network to confer an oncogenic function in CRC, suggesting to serve as a potential target for CRC diag-

nosis and treatment.39 The expression of lncRNA CCAL is significantly increased in colorectal tissues following the sequence of normal-ad-

enoma-carcinoma, and its high expression is associated with drug resistance and poor prognosis.40 Furthermore, the expression level of

lncRNA SNHG6 is closely associated with CRC progression and poor prognosis.41

In this study, we focused on three lncRNAs (SNHG1, CCAL, SNHG6) that have been identified as highly expressed in CRC and related to

the disease’s occurrence and development, as reported in high-quality literature. We used cell lines and patient tissue samples to validate

their expression and select the most promising candidate for further comparison with CEA mRNA, a widely used biomarker in current

research.We aimed to contribute to the development ofmore accurate and reliable diagnostic tools for detecting IFCCs in patients withCRC.
RESULTS

Small nucleolar RNA host gene 1 is expressed highly and stably in colorectal cancer cell lines and colorectal cancer tissues

We detected the expression of selected lncRNAs (SNHG1, CCAL, SNHG6) and CEA in CRC cell lines (SW620 and SW480) and norma colon

cell lines (NCM460). The expression of all the selected lncRNAs and CEA mRNA was significantly higher in CRC cell lines than in normal cell

lines (p< 0.001). (Figure 1A). Interestingly, the expression of all three lncRNAswas higher in themetastatic colon cancer cell line SW620 than in

the primary lesion cell line SW480.

In the subsequent phase of our study, we evaluated the expression levels of the selected long noncoding RNAs (lncRNAs) - SNHG1, CCAL,

and SNHG6 - along with CEA in CRC tissues and compared them with those in normal tissues. Our comparative analysis revealed the

following observations among the 16 patients included in the study: SNHG1 expression was significantly elevated in CRC tissues compared

to normal tissues in 15 patients, CCAL expression was found to be higher in CRC tissues than in normal tissues in 12 patients, SNHG6 expres-

sion demonstrated an increase in CRC tissues compared to normal tissues in 9 patients, while CEA expression levels were observed to be

higher in CRC tissues than in normal tissues in 14 patients. (Figure 1B).
2 iScience 27, 110228, July 19, 2024



Figure 1. LncRNA and CEA Expression Profiles in Cell Lines and CRC Tissues

(A) The expression of LncRNA SNHG1, CCAL, SNHG6 and CEA mRNA across various cell lines (NCM460, SW480 and SW620). n = 3, ***p < 0.001.

(B) The relative expression of LncRNA SNHG1, CCAL, SNHG6 and CEA mRNA in CRC tumor tissues compared to normal tissues.
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Notably, the expression of all selected lncRNAs was overall higher in tumors compared to normal tissues. Among these lncRNAs, we iden-

tified SNHG1 as amore stably expressed candidate for the follow-up study.We conducted a comparative analysis of SNHG1expression levels

in primary colon cancer tissues and liver metastases. Our findings revealed that both primary colon cancer foci and liver metastases exhibited

elevated SNHG1 expression compared to normal tissues. Notably, the expression level of SNHG1 in livermetastases was slightly higher; how-

ever, this difference was not found to be statistically significant. (Figure S1).

We proceeded to compare SNHG1 with the currently utilized CEAmRNA to determine a more effective marker for the detection of IFCCs

in patients with CRC.

Receiver-operating characteristic curves and cut-off values

Receiver-operating characteristic (ROC) curves were used to compare the accuracies of SNHG1/b-actin, CEA/b-actin ratio and determine the

cut-off value by plotting sensitivity/specificity pairs for the two RNA ratios (Figure 2). The clinical value of SNHG1 and CEA detection was as-

sessed based on the diagnostic data from 22 patients with positive cytology (Figure S2) and 26 control group patients with negative cytology

(the detailed informationwas described in Table S4). The sensitivity and specificity of the SNHG1 assay, determined using the established cut-

off value, were found to be 73.3% and 90.0%, respectively. In comparison, the sensitivity and specificity of the CEA assay were calculated to be

66.7% and 85.0%, respectively. These results suggest that the SNHG1 may offer improved diagnostic accuracy over the CEA in detecting

IFCCs in patients with CRC.

Small nucleolar RNA host gene 1 can detect intraperitoneal free cancer cells better than carcinoembryonic antigen in

patients with colorectal cancer with different TNM stages

The cohort comprised 12 stage I, 30 stage II, 39 stage III and 10 stage IV patients with CRC (Tables 2, S2, and S5). Collectively, the relative

expression of CEA and SNHG1 were found to be significantly different in detecting IFCCs across various stages of patients with CRC

(p < 0.001) (Figures 3A and 3B). However, in the subgroup analysis, we found that the relative expression of CEA did not exhibit significantly

difference between stages I and II (p> 0.05), and the relative expression of SNHG1was not significantly different in patients with stages III and

IV (p > 0.05).

Upon plotting the positive cut-off values established in the pre-experimental phase, it was determined that the two detectionmethods for

IFCCs did not exhibit statistically significant differences in certain subgroup comparisons when assessed based on the positivity rate. Specif-

ically, the positivity rate of CEA could not distinguish the positivity rate of IFCCs well across different stages (p = 0.137) (Table S7). In contrast,

the positivity rate of SNHG1 demonstrated a greater ability to distinguish the positivity rate of IFCCs among different stages (p = 0.001)

(Table S6).

When examining each stage individually, the positivity rate of IFCCs as determined by CEA failed to consistently differentiate between

stages, with the exception of stages II and IV. In contrast, the positivity rate of SNHG1 for detecting IFCCs in patients with CRC effectively

distinguished each stage, save for a lack of differentiation between stages III and IV. While CEA positivity did not consistently increase across

all stages, SNHG1 positivity exhibited an upward trend with the advancing stage. Although the difference in SNHG1 positivity was not
iScience 27, 110228, July 19, 2024 3



Figure 2. ROC curves for the detection of CRC cells using LncRNA SNHG1 and CEA mRNA

The area under the curve (AUC) for SNHG1 and CEA were 0.870 and 0.733, respectively.
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statistically significant in distinguishing between stage III and IV patients (p = 0.102), the positivity rates for these stages were 51.3% and 80%,

respectively.

In summary, SNHG1 demonstrated a superior capacity to detect IFCCs in patients with CRC across different TNM stages when compared

to CEA. These findings suggest that SNHG1 may serve as a more reliable biomarker for the detection of IFCCs in patients with CRC.
Small nucleolar RNA host gene 1 can detect intraperitoneal free cancer cells better than carcinoembryonic antigen in

patients with colorectal cancer with different T-stages

In CRC, the depth of local cancer infiltration greatly influences the presence of IFCCs, with the T stage reflects the local infiltration of the can-

cer. In patients with T3 and T4 CRC, where the cancer has invaded or perforated the serosal layer, the likelihood of cancer cell exfoliation

increases substantially due to the movement and friction of the abdominal organs, consequently raising the positive rate of IFCCs. Therefore,

we compared the IFCC positivity rates between SNHG1 and CEA detection in patients with CRC across various T-stages.

Our study cohort included 3 cases of T1, 10 cases of T2, 48 cases of T3 and 30 cases of patients with T4 CRC. Since the cancer cells in both

T1 and T2 stages CRC did not exhibit deep infiltration, we grouped them together for analysis. Our findings revealed that the overall IFCC

positivity rate for all enrolled patients with CRC for SNHG1 and CEA was 46.2% and 28.5%, respectively (Tables S8 and S9). When comparing

positive IFCC rates, there is a significant difference between different stages by the detection of SNHG1 but not CEA. However, upon

analyzing the relative expression levels, both SNHG1 and CEA demonstrated statistical differences across various stages (Figures 3C and 3D).

It is important to note that, at the relative expression level, SNHG1was unable to differentiate between T3 and T4 stage cancers, while CEA

could not differentiate between T1-2 and T3 stage cancers. These findings suggest that while both SNHG1 and CEA show potential as bio-

markers for IFCC detection in patients with CRC, they each have limitations in distinguishing between certain T-stages.
Bayesian analysis of the sensitivity and specificity of two biomarkers

Based on reported studies of SNHG1 and CRC,39,42–50 the pretest probability of the sensitivity of SNHG1 testing was set at 0.6 to 0.9, and the

pretest probability of specificity was set at 0.714 to 0.9. On the basis of reported studies of CEAmRNA and CRC,13,14,18,24–28 the pretest prob-

ability of the sensitivity of CEA testing was set at 0.33 to 0.667, and the pretest probability of specificity was set at 0.697 to 0.864.Based on the

reported studies of IFCCs and CRC,13,14,18,20,21,24–28 the pretest probability of positive rate sensitivity was set at 0.08 to 0.379. Using the

DTAXG package in R language, we calculate the sensitivity and specificity without a gold standard using the Bayesian method (Table 3).

The sensitivity of SNHG1 was higher than that of CEA (76.1% vs.43.1%, 95% confidence interval (95% CI), p < 0.0001), and the specificity of

SNHG1 was also higher than that of CEA (68.3% vs.52.3%, 95% CI, p < 0.0001).
DISCUSSION

At present, radical resection remains the primary treatment for CRC.2 Recurrence following curative surgery is commonly attributed to the

IFCCs.7 During CRC surgery, peritoneal lavage fluid can be used to detect IFCCs and assess the presence of the peritoneal dissemination

of cancer. A multitude of studies have established a correlation between IFCCs and poor prognosis, with the results of IFCCs also serving

to inform intraoperative chemotherapy and postoperative treatment strategies.7,51,52Conventional cytology, ICC and RT-PCR are the most

common methods to detect IFCCs in clinical and scientific research. Numerous institutions have adopted peritoneal cytology as a valuable

prognostic marker for CRC. However, it is difficult to use cytology alone to detect IFCCs in clinical practice. It is reported that the sensitivity of

cytology is less than 10% and it remains difficult to detect IFCCs even in stage IV patients.9,10,16–18 Low sensitivity often leads to the failure to

find IFCCeffectively, thus delaying treatment. Comparedwith cytology, ICC has shown improvements in sensitivity but has come at the cost of

reduced specificity. Consequently, the detection rate of ICC remains low in some advanced-stage patients and does not effectively address

the limitations of traditional cytology. In recent years, PCR technology, with its robust detection capabilities, has gained increasing favor
4 iScience 27, 110228, July 19, 2024



Table 2. Correlation between SNHG1, CEA and histopathological findings in colorectal cancer patients

Factor All patients

LncRNA SNHG1 evaluation

p-value

CEA mRNA evaluation

p-valuepositive positive

No. of patients 91 42 (46.2%) 26 (28.5%) 0.010

Age (years) 58.2 G 3.53

Gender

Male 65 31/65 (47.7%) 0.816 20/65 (30.8%) 0.609

Female 26 11/26 (42.3%) 6/26 (23.1%)

Histology (differentiated/undifferentiated)

G1–G2 66 32/66 (48.5%) 0.491 21/66 (31.8%) 0.310

G3–G4 25 10/25 (40.0%) 5/25 (20.0%)

Depth of invasion

T1–T2 13 1/13 (7.7%) 0.003 3/13 (23.1%) 0.103

T3 48 22/48 (45.8%) 10/48 (20.8%)

T4 30 19/30 (63.3%) 13/30 (43.3%)

Stage

I 12 0/12 (0.0%) <0.001 3/12 (25.0%) 0.085

II-III 69 34/69 (49.3%) 17/69 (24.6%)

IV 10 8/10 (80.0%) 6/10 (60.0%)

CEA mRNA evaluation

Negative 65 24/65 (36.9%) 0.010

Positive 26 18/26 (69.2%)

LncRNA SNHG1 evaluation

Negative 49 8/49 (16.3%) 0.010

Positive 42 18/42 (42.9%)
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among researchers for detecting IFCCs. Several studies have indicated that identify IFCCs that cytology may overlook, thereby significantly

enhancing the detection efficiency.26,53

Variousmarkers have been used for PCR detection, such as CK20, CEA or hMAMand hMAM-B expression.13,20,21 To date, CEAmRNA has

beenmostly used in clinical studies to detect IFCCs in patients with CRC.13,24,25 However, CEAmRNA’s sensitivity ranges between 40 and 60%

and its specificity is between 70 and 80%.13,14,18,24–28 As the discovery of IFCCs is becoming increasingly important in the treatment decision of

CRC, clinicians are in need of novel new biomarkers with higher sensitivity and specificity to detect IFCCs.

LncRNAs have been shown to play an important role in regulating the tumorigenesis and development of tumors, often exhibiting aber-

rant expression in tumors. High expression of a variety of lncRNAs and their detection efficiency have been reported in CRC, the primary focus

of detection samples has been on tissue and blood samples.35–37 To date, there have been no reports on the detection of IFCCs in CRC using

lncRNAs. In pre-experiments utilizing both cell lines and patient tissues, we found that SNHG1 was stably and highly expressed in both colon

cancer cell lines and patient tumor tissues. This high expression level is essential for ensuring the reliability and reproducibility of the assay

results. Upon examining the peritoneal lavage fluid samples from patients, we observed a significant positive correlation between the detec-

tion rate of SNHG1 and the TNM stage and T stage of the tumor. In contrast, the relationship between CEA (carcinoembryonic antigen) levels

and tumor stage is less clear-cut.

It is generally believed that as the tumor stage advances, there is an increased likelihood of cancer cells being shed during the operation.

However, CEA detection results can sometimes contradict conventional clinical expectations. Jung et al. have demonstrated that CEA can be

expressed in inflammatory cells both in vitro and in vivo.30 The inflammatory environment associated with early stage malignant or even

benign intestinal diseases can lead to the non-specific overexpression of CEA in epithelial cells. As a result, abnormal CEA expression in pa-

tients with early-stage CRCmay lead to an unrepresentatively high positivity rate, which is not significantly different from that of stage III or T3

patients.

The detection rate of SNHG1 showed an increasing trend with the progression of the tumor stage, indicating that SNHG1 may possess a

higher specificity compared toCEA. Additionally, we found fewer positive stage I patients tested by SNHG1 compared toCEA (0 vs. 3), further

supporting this notion. Following radical resection, only about 5% of patients with AJCC stage I CRC will experience recurrence and metas-

tasis several years later.54 IFCCs is often considered as the initial step of peritoneal spread, and the detection of IFCCs serves an independent

risk factor for recurrence and metastasis.7–14 Notably, the results showing an excessive positive rate in stage I patients are inaccurate, poten-

tially due to false positives caused by low specificity.
iScience 27, 110228, July 19, 2024 5



Figure 3. Relative expression of LncRNA SNHG1 and CEA in IFCCs found in the peritoneal lavage fluid of CRC patients across various TNM stages and T

stages

(A) SNHG1 in the detection of the IFCCs in different TNM stages of CRC.

(B) CEA mRNA in detecting the IFCCs in different TNM stages of CRC.

(C) SNHG1 in detection of the IFCCs in different T stages of CRC.

(D) CEA mRNA in the detection of the IFCCs in different T stages of CRC. NS: no significant difference, *p < 0.05, ***p < 0.001.

ll
OPEN ACCESS

iScience
Article
However, there is a correlation between the SNHG1 method and the CEA assay. The results analyzed using the chi-square test demon-

strate a favorable positive correlation between positive SNHG1 and positive CEA detection. Most patients who tested positive for CEA also t

exhibited positive SNHG1 results, and SNHG1 can detectmore cases of IFCCs that CEA failed to detect. This indicates that the high sensitivity

of SNHG1 serves as a valuable complement to CEA, which has a sensitivity ranging from 40 to 60%.

Recurrence and metastasis of CRC following operations are influenced by various factors, such as tumor differentiation, tumor stages, tu-

mor location, IFCCs positivity, surgeon’s experience, the patient’s compliance, and more.55 Currently, there is no established gold standard

for the diagnosing IFCCs. As a result, researchers have employed Bayesian models to estimate the sensitivity and specificity of a given test in

the absence of a definitive gold standard. Our results indicate that SNHG1 outperforms CEA in terms of both sensitivity and specificity. While

the estimated results may not be entirely accurate, they offer a solid theoretical foundation for further clinical testing and validation of SNHG1

as a potential biomarker for IFCCs in patients with CRC.
Conclusions

Long non-coding RNASNHG1 has emerged as a promising biomarker with superior sensitivity and specificity compared to the conventionally

usedCEAmRNA in detecting IFCCs in patients with CRC. The enhanced sensitivity of SNHG1 allows for the identification of a greater number
6 iScience 27, 110228, July 19, 2024



Table 3. Bayesian analysis of the sensitivity and specificity with 95% CI of two biomarkers

Positive rate Se1 Se2 Sp1 Sp2

50% 0.2627971 0.7606617 0.4307666 0.6835393 0.5227116

2.5% 0.1297897 0.6051055 0.2853673 0.5897852 0.4362418

97.5% 0.4268576 0.8825851 0.5867525 0.7752889 0.6052403

Se1: The sensitivity of LncRNA SNHG1, Se2: The sensitivity of CEA mRNA, Sp1: The specificity of LncRNA SNHG1, Sp2: The specificity of CEA mRNA.
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of positive cases, while its higher specificity helps in reducing the occurrence of false positives. These attributes suggest that SNHG1 has the

potential to become a more effective biomarker for IFCC detection in patients with CRC, offering improved accuracy and reliability in clinical

practice. Further research and validation studies arewarranted to fully establish the role of SNHG1 in the diagnostic and prognostic evaluation

of CRC.

Limitations of the study

This study included the relatively small sample size and the single-center design. In order to enhance the robustness and generalizability of

the findings, future studies should consider involving multiple centers and increasing the sample size. This will help to ensure that the results

can bemore widely applicable and convincing for clinical implementation. Additionally, the study aims to establish the significance of SNHG1

in detecting IFCCs in patients with CRC. However, in order to fully elucidate the clinical implications of SNHG1 detection in CRC, it is essential

to incorporate patient prognosis outcomes. These long-term follow-up results are expected to be available in the next two to three years,

after which a comprehensive analysis can be conducted to evaluate the impact of SNHG1 detection on patient prognosis. Future research

efforts should focus on addressing these limitations to validate the findings and determine the clinical utility of SNHG1 as a biomarker for

IFCC detection in patients with CRC.
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S., Yavuz, N., Kaptano�glu, L., and Akçal, T.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

Human abdominal lavage samples Tongji Hospital, Huazhong University of Science

and Technology

See method details

Critical commercial assays

TRIzol Invitrogen Cat# 15596026CN

cDNA synthesis mix Takara Cat# 6215A

TB GreenPremix Ex Taq II FAST qPCR Takara Cat# CN830S

Experimental models: Cell lines

SW480 Cell line CCTCC GDC0306

SW620 Cell line ATCC CCL-227

NCM460 Cell line INCELL CVCL0460

Software and algorithms

R, v4.3.1 The R Foundation https://www.r-project.org/

SPSS IBM IBM SPSS Statistics
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Xiangshang Xu

(xsxu@tjh.tjmu.edu.cn).

Materials availability

This study did not generate new unique reagents.

Data and code availability

� All data reported in this paper will be shared by the lead contact upon request.

� This paper does not report original code.
� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study participants

All patients were extensively informed and gave written consent for the investigations. The study was approved by the Ethics Committee of

Tongji Hospital, Tongji Medical College, HuazhongUniversity of Science and Technology (Wuhan, China) (TJ-IRB20230215). The clinical study

was registered at Chinese Clinical Trial Registry (ChiCTR2400080490). 91 CRC patients (Table S2) who underwent laparoscopic operations

between March 2023 and August 2023 in the Department of Gastrointestinal Surgery of Tongji Hospital were investigated. Patients with pre-

vious colorectal abdominal operations or other malignant diseases were excluded from the study. Patients enrolled in the study had not

received any preoperative chemotherapy or radiotherapy. For comparative purposes, a control group consisting of 26 patients (Table S3)

diagnosed with benign diseases was also included in the study.

METHOD DETAILS

Samples collection

Following laparoscopic exploration, abdominal lavage was conducted. 200 mL of saline solution was instilled into the abdominal cavity at the

tumor site, and aminimumof 150mLwas subsequently aspirated for further analysis. All samples of the irrigation fluidwere promptly stored in

an ice box to maintain their integrity and then immediately transported to the laboratory for subsequent processing and analysis.
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Cytology

After performing centrifugal enrichment on the cells present in the abdominal washings, a 0.1 mL aliquot was extracted for cytological ex-

amination. This sample was independently evaluated by two experienced pathologists. A positive cytology result was determined based

on the observation of one or more anisotropic cells within the field of view during microscopic examination. (Figure S2).
RNA extraction and cDNA synthesis

Each peritoneal wash sample was centrifuged at 1,000 rpm for 5 min, and total RNAwas extracted using the TRIzol method (Invitrogen, Carls-

bad, CA) according to the manufacturer’s procedure. Total RNA samples were stored at 80�C. After denaturation in DEPC-treated water at

70�C for 10 min, 1 mg of total RNA was used for cDNA synthesis using a cDNA synthesis mix (Takara, Tokyo).
Real-Time PCR primer design

Gene sequences were acquired from the NCBI database. Oligonucleotide primers for SNHG1, CCAL, SNHG6, CEA target genes and b-actin

housekeeping gene were chosen with the assistance of the NCBI primer blast program. The primer sequences used throughout this study are

described in Table S1. Oligonucleotide primers were purchased from Invitrogen.
PCR amplification

The QuantStudio 6&7 Real-Time PCR System (Appliedbiosystems, USA) performed RT-PCR with optimized PCR conditions. 1 mL of diluted

template cDNAwasmixedwith TBGreen Supermix 2 (Takara, Tokyo), each forward and reverse primer to a final reaction volume of 10 mL. The

amplification reaction was carried out in a 384-well plate adapted to the instrument. All assays were repeated in three wells to avoid chance

error. b-actin was introduced as an internal control to standardize the quantification of each target gene.
QUANTIFICATION AND STATISTICAL ANALYSIS

Data analyses

Real-time quantitation was performed by using SYBR Green dye as the fluorescent signal, with the help of the QuantStudio 6&7 Real-Time

PCR System software version 1.3 (Appliedbiosystems, USA), according to the manufacturer’s manual. Quantitative values are obtained from

theCt number at which the increase in signal is associated with the exponential growth of PCR products. Target genes (lncRNAs, CEAmRNA)

amplification was compared with the b-actin gene, and each sample was normalized based on its b-actin content. The target genes SNHG1

and CEA were tested for relative expression of cancer cell lines from colon cancer cell lines (SW480, SW620). A normal human colonic cell line

(NCM460) was used as a negative control.

For data analysis, ROC curveswere used to compare the diagnostic accuracies of lncRNA/b-actin, CEA/b-actin ratios. The determination of

the optimal cut-off value was achieved by plotting sensitivity and specificity pairs for these RNA ratios. The clinical utility of the detection

method was evaluated by examining the diagnostic data from 22 patients with positive cytology (Figure S2) and 26 patients with benign

conditions.
Statistics

A cross-tabulation analysis of RT-PCR analysis was performed using the chi-square test for trend or Fisher’s exact test. The Wilcoxon test was

chosen for paired information where the distribution is not positively distributed. A p-value of 0.05 was considered statistically significant. By

using DTAXG package in R language, the sensitivity and specificity are calculated by Bayesian parameter estimation. All data analysis and

statistical analyses were done by Yujie Zhang, M.S. in Statistics, the software used in this study is SPSS 18.0.
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