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LNCRNA EXPRESSION MICROARRAY 
DETECTION AND DATA ANALYSIS

Agilent Feature Extraction software (version 
11.0.1.1) was used to analyse acquired array images. 
Quantile normalization and subsequent data processing 
were performed using the GeneSpring GX v12.0 
software package (Agilent Technologies). After quantile 
normalization of the raw data, LncRNAs that at least 3 
out of 9 samples have flags in present or marginal (“All 
Targets Value”) were chosen for further data analysis. 
Differentially expressed LncRNAs with statistical 
significance between the two groups were identified 
through Volcano Plot filtering. Finally, Hierarchical 
Clustering was performed to show the distinguishable 
LncRNAs expression pattern among samples.

Risk score analysis

Risk score analysis was performed to evaluate the 
associations between the concentrations of the plasma 
lncRNA expression levels. The upper 95% reference 

interval of each lncRNA value in controls or non-
metastasis group was set as the threshold to code the 
expression level of the corresponding lncRNA for each 
sample as 0 and 1 in the training set. A risk score function 
(RSF) to predict HCC or metastasis group was defined 
according to a linear combination of the expression level 
for each lncRNA. For example, the RSF for sample i using 
information from three lncRNAs was: rsfi = Σ3j-1Wj.sij. 
In the above equation, sij is the risk score for lncRNA j on 
sample i, and Wj is the weight of the risk score of lncRNA 
j. The risk score of three lncRNAs was calculated using 
the weight by the regression coefficient that was derived 
from the univariate logistic regression analysis of each 
lncRNAs. Samples were ranked according to their RSF 
and then divided into a high-risk group, representing the 
predicted HCC cases or metastasis patients, and a low-
risk group, representing the predicted control individuals 
or non-metastasis patients. Frequency tables and ROC 
curves were then used to evaluate the diagnostic effects of 
the profiling and to find the appropriate cutoff point, and 
to validate the procedure and cutoffs in the next validation 
sample set.

SUPPLEMENTARY MATERIALS AND METHODS
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Supplementary Figure S1: Overview of the work design in biomarker screen for the diagnosis of HCC.

SUPPLEMENTARY FIGURES AND TABLES
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Supplementary Figure S2: Schematic representation of the lncRNA microarray assay. Samples were obtained from three 
patients with HCC before operation and the corresponding plasma after operation as well as three cancer-free controls. (A) Hierarchical 
clustering analysis was applied for analysis the different expressed lncRNA in patients’ plasma before and after operation (left panel). 
A case-control study was also conducted (right panel). (B) Volcano plot distribution was used to sort the aberrantly expressed lncRNAs 
between the pre-operation and post-operation group as well as the HCC group and the control group. (C) The up-regulated lncRNA 
transcripts in HCC patients with the decreased lncRNA transcripts in HCC patients post-operation were merged, and finally obtained 43 
lncRNA transcripts. (D) All the 43 deregulated transcripts were filtered by high signal intensity (≥ 5) and at least 2-fold deregulation which 
yielded 13 lncRNA candidates highlighted.
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Supplementary Figure S3: Overview of the work design in potential biomarker screening for the metastasis of HCC.

Supplementary Figure S4: Relative expression level of three lncRNAs in subgroup of HCC. (A) HCC patients were divided 
into two groups accoding to the size of the tumor (3 cm as cutoff). (B) Patients were groups by the differentiation of tumor according to 
the pathological diagnosis. (C) The sectionalization was based on the virus infection of patients detected clinically including HBV, HCV 
and no virus infection. Data was presented as mean ± SEM and was analyzed with student t test. No significant difference was obtained in 
subgroup.
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Supplementary Figure S5: Stability detection of endogenous lncRNAs in human plasma. (A) The products of the 
amplification fragment were detected by agarose electrophoresis. (B) RT -qPCR was applied for detecting the expression level of the three 
lncRNAs. Human plasmas obtained from three healthy controls were incubated at room temperature for 12 h, 24 h or subjecting it to up to 
3 cycles of freezing and thawing. Data was presented as mean ± SEM. No significant difference was observed in each group.

Supplementary Table S1: LncRNA expression levels in hepatocellular carcinoma HCC and cancer-
free control plasma samples in the training and validation sets
lncRNA Training set Validation set

HCC Control Pb HCC Control Pb

N 20 20 147 180

RP11–160H22.5 0.014 (0.0089–
0.028)

0.0025 (0.0019–
0.0045) 3.18 × 10−7 0.0082 (0.0043–

0.019)
0.0033 (0.0011–

0.012) 8.90 × 10−8

XLOC_014172 0.047 (0.1305–
0.183)

0.0072 (0.0040–
0.020) 4.87 × 10−7 0.088 (0.076–

0.13)
0.0013 

(0.00012–0.012) < 1 × 10−10

LOC149086 0.052 (0.016–
1.00)

0.0049 (0.0031–
0.010) 4.22 × 10−7 0.021 (0.013–

0.049)
0.0046 (0.0019–

0.018) < 1 × 10−10

aData are expressed as the median (interquartile range).
bWilcoxon rank sum test.
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Supplementary Table S2: LncRNA expression levels in hepatocellular carcinoma(HCC) metastasis 
and non-metastasis patients’ plasma samples in the training and validation sets
lncRNA Training set Validation set

Metastasis Non-metastasis Pb Metastasis Non-metastasis Pb

N 20 20 79 78

XLOC_014172 0.13  
(0.10–0.96)

0.082  
(0.076–0.089) 0.0006 0.27  

(0.12–0.70)
0.017  

(0.012–0.037) < 1 × 10−10

LOC149086 0.04589  
(0.028–0.18)

0.020  
(0.013–0.035) 0.03 0.019  

(0.014–0.039)
0.016  

(0.011–0.037) 0.006

aData are expressed as the median (interquartile range).
bWilcoxon rank sum test.

Supplementary Table S3: LncRNA expression levels during perioperation period in hepatocellular 
carcinoma HCC patients’ plasma samples

Pre-operationa (N = 217) Post-operationa (N = 217) Fold change P valueb

RP11–160H22.5 0.011(0.0061–0.023) 0.0023(0.00083–0.0072) 4.78 < 1 × 10−10

XLOC_014172 0.092(0.076–0.15) 0.011(0.00029–0.022) 8.36 < 1 × 10−10

LOC149086 0.020 (0.014–0.054) 0.0025 (0.00077–0.0099) 8.00 < 1 × 10−10

aData are expressed as the median (interquartile range).
bWilcoxon rank sum test.

Supplementary Table S4: Correlation analysis between lncRNAs expression level variation and 
the metastasis

Incerased (N) Decreased (N) P valuea

RP11–160H22.5 Metastasis 57 52 < 0.001

Non-metastasis 2 106

XLOC_014172 Metastasis 3 106 0.041

Non-metastasis 0 108

LOC149086 Metastasis 31 78 < 0.001

Non-metastasis 5 103

aChi-square test.


