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[ Abstract] Objective To screen for long non-coding RNA (IncRNA) molecular markers characteristic of
osteoarthritis (OA) by utilizing the Gene Expression Omnibus (GEO) database combined with machine learning.
Methods The samples of 185 OA patients and 76 healthy individuals as normal controls were included in the study.
GEO datasets were screened for differentially expressed IncRNAs. Three algorithms, the least absolute shrinkage and
selection operator (LASSO), support vector machine recursive feature elimination (SVM-RFE), and random forest
(RF), were used to screen for candidate IncRNA models and receiver operating characteristic (ROC) curves were plotted
to evaluate the models. We collected the peripheral blood samples of 30 clinical OA patients and 15 health controls and
measured the immunoinflammatory indicators. RT-PCR was performed for quantitative analysis of the expression of
IncRNA molecular markers in peripheral blood mononuclear cells (PBMC). Pearson analysis was performed to examine
the correlation between IncRNA and indicators for inflammation of the immune system. Results A total of 14 key
markers were identified with LASSO, 6 genes were identified with SVM-RFE, and 24 genes were identified with RF. Venn
diagram was used to screen for overlapping genes identified with the three algorithms, showing HOTAIR, HI9,
MIR155HG, and NKILA to be the overlapping genes. The ROC curves showed that these four IncRNAs all had an area
under the curve (AUC) greater than 0.7. The RT-PCR findings revealed relatively elevated expression of HOTAIR, H19,
and MIR155HG and decreased expression of NKILA in the PBMC of OA patients compared with those of the normal
group (P<0.01). The results were consistent with the bioinformatics predictions. Pearson analysis showed that the
candidate IncRNAs were correlated with clinical indicators for inflammation. Conclusion HOTAIR, H19, MIR155HG,
and NKILA can be used as molecular markers for the clinical diagnosis of OA and are correlate with clinical indicators of

inflammation of the immune system.
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K4E9E 4TS RNA (long non-coding, lncRNA)E{(E
M 200 MZH BRAR A% N IERN A, 2 5 O0ARI A"
IncRNA HI197EOA B AP ™ v A1 B 4 ™ v g 2
ik, 25 RAE B ACE AT IncRNA HOTAIRTE
OA S 1 /M I %A% 41 g (peripheral blood mononuclear
cell, PBMC) I 4 i) 45 152635 ; IncRNA GAS5S:
5B i & A R Y, X EIncRNAS 5 0ATT Bk,
%HJ]TII%T%EQH?IH@E?@J‘:UEEO G2 I (R HX A KRR
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HOABRE RIERAEFRRIYAOCHE . PLas2% 2 &K
B AT RE AR AL, FES AR | A bRAS
Wk IG5 AR )z B 2 )

A58 MGEO(Gene Expression Omnibus ) $4 4
RIOARIRNAM 74, 25 B LR 2, X 22 57 3Rk
IncRNABEAT IR BE i vk o 52180 TAEHRHE (receiver
operating characteristic, ROC) M1 Z& PFAL vk A fERf 4, LA
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1 FRFFGE

L1 HiRW R AR AL IE

B4 (GEO) H¥5 )& (https://www.ncbi.nlm.nih.
gov/geo/) IYIHFE CHEIR]: “Osteoarthritis” “
“Expression profiling by array” . JfiBEFRIELN N : fF4E51%k
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50 iz B ¥ﬁ1¢$(GSE51588>%ﬂ1394‘9[\5]1&12!11‘22111
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NOABFFEA, HAREHE W1, BT RIEF A combati

Long non-coding RNA

Machine learning strategy Diagnostic

Ik 22 A~ BCs B L RO !, RMA (robust multichip
average)" XA TIAL B (AnRas a5 H—4k, 35
FALIE) o

x1 EEKEERFR

Table 1 Information on the gene datasets

Number GEO dataset Platform documents NC OA
1 GSE43270 GPL8490 18 23
2 GSE51588 GPL13497 10 40
3 GSE117999 GPL20844 10 10
4 GSE169077 GPL96 5 6
5 GSE48556 GPL6947 33 106

Homo sapiens”

NC: normal control; OA: osteoarthritis.

1.2 ZERFRIAMIncRNASFE
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105 NFARFEARTH; Ky, x )N REL o) Ml i
SVMXT LAk ] A 5] . 22 HilSVM-error fISVM-
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K FH % E BB B3 O 4 BS PR AE AR PBMC . WSR2
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Drop43 Y66 1 (NanoDrop Technologies, Wilmington,
NC, USA) il &, RTH & HgDNA Eraser(TaKaRa,
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Table2 Specific gene primer sequences

Gene Forward primer (5'»3") Reverse primer (5'->3")

GAPDH TTCCACCCATGGCAAATTCC ATCTCGCTCCTGGAAGATGG
MIR155HG GAGTGCTGAAGGCTTGCTGT TTGAACATCCCAGTGACCAG
HOTAIR GGAAAGATCCAAATGGGACC CTAGGAATCAGCACGAAGCA
H19 TGATGACGGGTGGAGGGGCT TGATGTCGCCCTGTCTGCAC
NKILA CTGTCGGGGACTGGTGTATT AATACACCAGTCCCCGACAG

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; MIR155HG: MIR155 host gene; HOTAIR: HOX transcript antisense RNA; H19: H19 imprinted

maternally expressed transcript; NKILA: NF-kappa B interacting IncRNA.
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Fig 1 Eliminating the batch effect of the data with combat function

A, Five data sets before normalization. B, After normalization of the five data sets.

-lg (adj. P. Val)

B 2 51 iR ERRIEIncRNAX L
Fig2 Volcano plot of differentially expressed IncRNAs in the five
datasets
Black represents all differentially expressed IncRNAs, red represents

IncRNAs with log,FC>0, and green represents IncRNAs with log,FC<0.
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iz JH3FR B VR 1051 2% S Inc RN AFEF TR 51,
HALASSOR LM 144 KRB AW br &9 (E3) .
SVM-RFEF L 1 65 KAE N 2 E Wb &)
(E14), El4ARSf5 22 LRHIES 2 2L SR, K he-
01737 i 3 H 14 61 RRAF 1 35k DR (9 1R R J2:0.173,
FEIT0, 72 A IR AGBAIL; K14B 51338 IS k5 1k
HIUERRR, K 6-0.827 3 R ik Hh 6T RAIE PR B A A HER
HRIE0.827, WAL 1, RIWIMER B . BRILZ AN, REA
BN 24 B R EE AW bR &Y (KI5A, 5B)
Venn K2 il 3FP 5315 1) 5 & FE K (K6 A ), e 445 3|44
IncRNA, HWHOTAIR. H19. MIR155HG I (log,FC=

®3 EFFEREEMHT0/IncRNA
Table 3 Top 10 IncRNAs showing the most significant difference in

their expression

Index GEO data set Gene log,FC ~ P.Value adj.P.Val

1 GSE51588 MIR155HG 9.581 4.44E-03 9.05E-02

GSE117999
GSE48556

2 GSE51588 HOTAIR 2.321 6.44E-06  9.90E-04

GSE117999
GSE48556

3 GSE48556 NKILA -3.686 1.46E-05 1.26E-02

GSE169077

4 GSE43270 HI19 2216  3.05E-05 1.34E-02

GSE51588
GSE117999
GSE48556

5 GSE43270 MEG3 -3.033 3.01E-05 1.34E-02

GSE51588
GSE117999
GSE48556

6 GSE48556 LINC00973 2.146  3.76E-05 1.36E-02

7 GSE51588 Cl50rf54 -2.013 8.44E-05 2.01E-02

GSE117999
GSE48556
8 GSE117999 MEG9 2.252

1.33E-04  2.43E-02

9 GSE43270 PART1 2.191 1.73E-03  6.23E-02

GSE51588

GSE117999

GSE48556
10 GSE51588 C3orf79 2.179

2.10E-03  6.67E-02

GSE117999
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Fig 3 LASSO algorithm was used to screen out 14 IncRNAs

A, Each curve in the figure represents the change trajectory of each independent variable coefficient, the vertical coordinate is the value of the coefficient, the lower

horizontal coordinate is log (1), and the upper horizontal coordinate is the number of non-zero coefficients in the model at this time. B, The vertical coordinate is Binomial

Deviance (dichotomous anomaly), which can be interpreted as the magnitude of the error of the model. There are two dashed lines of values in the figure, the left is the line

with the lowest error and the right is the line with fewer features.
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& 4 SVM-RFEEX{HIE H 64~ X #IncRNA
Fig 4 Support vector machine recursive feature elimination (SVM-RFE)
algorithm was used to screen out 6 key IncRNAs
Graph A is SVM error and graph B is SVM accuracy. 5xCV represents 5-
fold cross-validation. The number 6-0.173 in Fig 4A indicates that the error rate
for the six trait genes screened out was 0.173. The number 6-0.827 in Fig 4B

indicates that the accuracy rate of the six trait genes screened out was 0.827.
1), NKILA T ( log,FC< 1), ROCHIZ B/, BN T fig
AWM ENEWREY, AUCH B 0.941 5(95%
B {5 X 8] (confidence interval, CI): 0.9010 ~ 0.9820])
(HOTAIR) . 0.8016(95%CI: 0.7244 ~ 0.8788) (H19) , 0.9751
(95%CI: 0.947 5 ~ 0.999 1) (MIR155HG) | 0.7957(95%CI:
0.7165 ~ 0.8748) (NKILA) ([#l6B) .
2.3 Ik EE RRRERIRTN
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HYiitmE L (P<0.05) . W4,

2.4 RT-PCRiEHMUIncRNAS FHAREM B FILFAE XM
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R—2(K7), PearsonfikPEHTFRM, H1951gA
(r=0.439,P=0.018) £ IEAH X, MIR155HG5 CRP
(r=0.785, P<0.001), IgM(r=0.454, P=0.008) ., IL-6
(r=0.610, P<0.001) & IEAHC, NKILASESR(r= -0.425,
P=0.021) R HAHK, HIL-6(r=0.650, P<0.001) F1EAH X,
HOTAIR5 CRP(r=0.589, P=0.001), IL-6(r=0.492,
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4 FEIEPE Inc RN A 5 e 328 98 0E 48 b A7 76 FH G 1
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Fig 5 Random forest (RF) algorithm was used to screen out 24 feature IncRNAs

A, The dynamics of the random forest prediction error versus the number of random trees, with the vertical axis of error representing the error; the horizontal axis of

trees representing the tree number. The black, red, and green lines show how the false positive rate varies with the number of decision trees for all samples, samples from

osteoarthritis patients, and samples from normal healthy people in the five datasets, respectively. B, The 24 genes sorted by importance.
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Fig 6 Screening and validation of key IncRNAs
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A, Venn diagram was used to screen for overlapping genes identified by the three algorithms. B, ROC curves for validating diagnostic efficacy after fitting key

IncRNA to one variable.
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Table4 Changes in immunoinflammatory indicators in the two groups

TEAWISE R, 83 T 28 51> O AR B 40 g A2 Ak DA 41 3k

26k, 34 2% B R IK M IncRNA, T2 7105055

Indicator NC group (n=15)  OA group (n=30) P 1 P

ESR/(mm/1 h) 3.45+1.34 15.6+7.34 <0.001 IncRNA, 45304 L7540 T HIncRNA . AR 4%
CRP/(mg/L) 0.73+0.56 8.3+4.24 <0.001 adj.P.ValfE )/ NBI K HEF, #6351 AT 10AYIncRNA, £145
IgA/(g/L) 1.68+0.22 3.73£1.25 <0.001 s ) .

LML) L0150.10 L etocs 0654 TR NKILA . MEG3F1C150rf54(log,FC< -1), LAY
1gG/(g/L) 11.47+3 45 13.79+6.44 0.545 MIR155HG, HOTAIR., H19, LINC00973, MEG9Y.
IgE/((IU;mL) 19.49+9.45 70.56+15.56 0.013 PART1HI C30Tf79(10g2FC =1), ﬁﬁ#%lncRNAﬁﬁ%?é
C3/(g/L 0.63£0.12 0.84+0.32 0.576 N . . " s, 20—
C4/(g/L) 0.1120.11 0.760.89 0.021 U, WA XIST, TUGI™, DANCR™, MIAT*, 7
IL-6/(pg/mL) 2.38+1.45 13.09+3.56 0.011 MIMEG3™', THRIL®™, GAS5"®', ATB®', X%ncRNAR]{E
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; IgA: S50AM & mEHLEIAE %,

immunoglobulin A; IgM: immunoglobulin M; IgG: immunoglobulin G; IgE:
immunoglobulin E; C3: complement 3; C4: complement 4; IL-6: interleukin

6. The other abbreviations are explained in the notes to Table 1.

i R MR R, A3 R R AL I S ,

Ayl EHOTAIR, H19, MIR155HGHINKILA. ROCHH£k



%5 J&

Y555 GEOSU AR 5 L4 2 >0 SRS WU/ XY

FAFAETEINCRNA Y T AR M) e 9256 1 IE 905

©
_ as) _
2 20 P<0.000 1 2 # P<0.0001
a4
— = 20F
S 151 S
S kS
2 S 15t
g 10 S
g g 10 +
[
'E 0.5 q>§ 5 N
< (5]
o =
) 3 0
OA NC 3 OA NC
group  group group  group

P=0.004 9

JT ]

g
o
)

P=0.002 6

—

v

—

v
T

Relative expression of HOTAIR
Relative expression of NKILA

1.0+ 1.0t
0.5 0.5
0 0
OA NC OA NC
group  group group  group

7 RT-PCRE&MIncRNAS FAREMHIRIA
Fig 7 RT-PCR to detect the expression of IncRNAs molecular markers

5 IncRNAZFAREM 5 R KIEIEIRE Pearson sy 17
Table5 Pearson analysis of IncRNA molecular markers and

immunoinflammatory indicators

H19 MIR155HG NKILA HOTAIR
Indicator
r P r p r P r P

ESR/(mm/1h) 0.044 0.816 0.355 0.052 —0.425 0.021 0.345 0.054
CRP/(mg/L) 0.014 0.941 0.785 <0.001 -0.308 0.064 0.589 0.001
IgA/(g/L) 0.439 0.018 0.220 0.243 -0.312 0.056 0.212 0.260
IgM/(g/L) 0.298 0.110 0.454 0.008 -0.063 0.742 0.040 0.834
IgG/(g/L) 0.090 0.637 0.119 0.531 -0.122 0.522 0.095 0.618
IgE/(IU/mL) 0.358 0.051 0.008 0.968 —0.183 0.333 0.445 0.014
C3/(g/L) 0.035 0.856 0.212 0.260 -0.194 0.304 0.214 0.247
C4/(g/L) 0.028 0.883 0.010 0.960 -0.007 0.972 0.221 0.214

IL-6/(pg/mL)  0.061 0.749 0.610 <0.001  0.650 <0.001 0.492 0.006

ESR, CRP, IgA, IgM, IgG, IgE, C3, C4 and IL-6 denote the same as those
in Table 4. H19, MIR155HG, NKILA and HOTAIR denote the same as those
in Table 2.
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