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Abstract

Objective: To screen and analyze the differentially expressed circular RNAs (circRNAs) in the plasma
of patients with EGFR-mutant lung adenocarcinoma complicated with bone metastasis-related can-
cer pain who were treated with Huachansu Capsules combined with MS Contin, and to explore the
potential molecular mechanism of this combined regimen in regulating cancer pain through clinical
data tracking and bioinformatics methods. Methods: A total of 60 patients with EGFR-mutant lung
adenocarcinoma and bone metastasis-related cancer pain were enrolled and randomly divided into
a combined treatment group and a monotherapy group, with 30 cases in each group. Additionally,
6 patients were randomly selected from each group to form a sequencing subgroup, and plasma
samples of patients in the sequencing subgroup were collected before and after treatment for high-
throughput sequencing analysis of circRNAs. The pain relief time, daily dosage of MS Contin and
incidence of adverse reactions were tracked in both groups. High-throughput sequencing technol-
ogy was used to detect the plasma circRNA expression profiles of the sequencing subgroup. Differ-
entially expressed circRNAs were screened with the criteria of [log2(FC)| > 1.5 and FDR < 0.05, in-
dependent samples t-test was used for inter-group comparison, and bioinformatics analysis was
performed on the differentially expressed circRNAs. The correlation between clinical efficacy indi-
cators and the expression changes of key circRNAs was analyzed. Results: The pain relief time of the
combined treatment group was significantly shorter than that of the monotherapy group, the total
consumption of MS Contin equivalent dose was significantly lower than that of the monotherapy
group, and the total incidence of adverse reactions was significantly lower than that of the mono-
therapy group (P < 0.05). A total of 710 differentially expressed circRNAs were identified in the
combined treatment group compared with the monotherapy group (P < 0.05), including 326 up-
regulated and 384 down-regulated ones. Gene Ontology (GO) analysis showed that the parental genes
of the differentially expressed circRNAs were mainly enriched in biological processes and molecular
functions such as transcriptional regulatory activity, post-translational protein modification, and reg-
ulation of intracellular signal transduction. Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way analysis indicated that these differentially expressed circRNAs were mainly enriched in cancer-
related pathways, hormone signal transduction, substance metabolism and transport pathways, etc.
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Conclusion: Huachansu Capsules combined with MS Contin can significantly improve analgesic effi-
ciency, reduce opioid dosage and decrease adverse reactions, and also remarkably alter the plasma
circRNA expression profile in patients with EGFR-mutant lung adenocarcinoma and bone metasta-
sis-related cancer pain. circRNAs may serve as key nodes in the regulatory network of the combined
therapy, and mediate the synergistic anti-tumor and analgesic effects of traditional Chinese medi-
cine combined with opioids by reshaping the functional orientation of miRNAs. Key circRNAs such
as hsa_circ_0039161 and hsa_circ_0001707 are expected to be potential biomarkers for therapeutic
efficacy evaluation, which provides a new theoretical basis and research direction for clarifying the
molecular mechanism of integrated traditional Chinese and Western medicine in the treatment of
cancer pain and realizing precise treatment of cancer pain.
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1. BY

it e A2 A BR ORI R U T 2 A e (S M R 2, Heb /N gH i (NSCLC) 2 - 85%, it i i
(LUAD) N BRI (1] [2]. R AE K 722 AR (EGFR) A% S fili I S B IR B L IR, ¥R IR )T B
B T IR R E TS [3]. (EBOWE L RE T, £ 30%~40%i i i 2 ML E R, AR RIZL. Brakik
FEVEPRG, T M R AR T PR R S A A TS [4] [5]. R E Ah A PR SRR T RO D 2

BT F 2254 9 v BB RS R R YT RS2, BRI M SRR (SR B )V I PR FH Bl 252454,
BUR R, BN S B A2 BorE . ERL PRI G AN RN, LR A R B R AN
G R SZBR6] [7]. Rk, RZFEIEHBORE . SCHEERMNE NG IRIT TR, BAHEEIRRME.

Hh s 24 75 IR Gl S YR T 5 R R A RS . s R i B Sy rh A R e R B D ) AR R 2
W, BATME W LR IhRL8]. WRPREFFUIESE, A 2 BT o A sl B & AT TG AR M
xR 2R 2 BAT VSRS B E T[] AH LI 98t JE 5 ¥R T Il i B 3 A i 1) o LA, AR
LI J2 T AR R A AL A1) o A o B

IR RNA (circRNAs) & — 28 B A SN SR 1 IR E RS RNA, giifeos . RikkeR, o]
i miRNA 4. 454 RNA 5680 WISIIRetE MRS 30, fEMRRERE. B, BT Hai ik
PRI AR TR HE G F[10]-[12] - circRNAs fEMR e sy 55 TR, R B R AN 1
ISR E[13]

BTl BT BRI e 3R R 3 i R T ARl VR4 iR EGFR SR H H R
97 (B M RARR 52 circRNAs RIATE, S 5w . AR E@ sl 746 4EmE R¥ai, |
GiiiE I SR A VRIT MO E S circRNAs, R HIETEThAE S 1A= i@ %, BIEM circRNAs /KPR
VG R 25 G AL, Oy SR RO AE bR A SEDUER RS HE TR T IR AL S I AR B S i S A

2. iR RE 9
JEHL 2023 = 8 H~2025 4F 8 H W5t HiR X N RERTUGA il EGFR A B A2 f5 3% 60 191

ik
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2.1. INFRE

© 2 H 2L B2 N AT IR S, EGFR JERBURRAS, HIE e AR @ HEERE
i, BCFIRVETIENRS) > 4 47, BEAARESZ 00 1 2R 259007 SBDR ZCR AV © eIl & 2 vrAS
KBy, HESS5AMA; @ F# 18~80 ¥, BUUHE. WE R IKAERE: & Tt EAH >34
Hs ® 6I7 G ARG R R (NRS < 3 43).

2.2. HBrERIE

© BIFFEHPR. TEMERGN; @ BMEARRMICEW 2 FEL4Y: @ Tk kG2
@ —feROZE. IR EUE. E AR AR S SR B B IIRE T, © WSR2
ML FEMAGER, WIRSUHALIZME; © A . BRI B E S ALIE L.

2.3. MASKRITAR

K BENL A RIE A B 7 PR AL 30 ), S5 NPZH P S BEALIEEL 6 8, 4Ry 04 (5
416 B), FF MK circRNAs miB R P4, W57 WAL R R 5HE KA LR E ZRP > 0.05), H
AREME. B—HZHC H): HIREMFEE, ZI4EHF 10mg, & 12h1 K 5 12 h PF5%0E, % NRS >
3 B MREAR, FIEVARE, HAE NRS<3 /M IF4EFFZAIE. BREYRITHD H): EERMFEEHE. HE
Al C AHFERE b, BRA RIS RKRTE 0.59/%, B H 3ROk, BURKARbRAERIRT . 5065 & 77 B 4 ™%
& WHO i = BB 18 SR, 4R W 00 6 3 AN RS 9 B e A B

2.4. IGFRAEIREER ST
JITH 60 Bl F AN NGRS T RO 2t b, MR IR N it &R IB BRI s LU R 4R PR

241 FERANRRIIE
IR 2% % NRS W) <3 36 Rasi st 24 n (OB, KO Z K, 45 120 VA 1 7 NRS 3
rIfidaR.
242, EWEEAHAE
BT LR, SRR HEE HR, I R O SR R

243. FREMEEZE

ZI CERAWIRITA RN PEFMFRAEY , ie3m 7 HEEA ., Bk, SN R N R AEE
W, EEREER T FECGHEAAE AT ZME). BEEFELNE) SR, HEARAER RS RIAR X
MREZR,
3. LW
3.1. M¥FHARESAE

A I 2 B2 6 ) R SR AR MR ARAS, 233 TV6 7 Al MR R ik bR 5 (NRS < 3 43, 4EHF 24 h
PLE), REFHETERTEINEHENKID 5 mL, ] EDTA Pt IE. MRFEAREG 2 h N, T 4C,
3000 rpm Z&F T 50 15 min, /NCoWER b2 I 2R (i e i S LA RLZ), 43 %% T 06 RNA g EP & rp, R4
1mL, SZRIE T-80CEBMRIRIKF IR, AfEf R ZVRal, T /5528 RNA 2L

KH Trizol 77 (Invitrogen A #], & E)FEHUMIK S RNA,  FHAREEAE A% 3 O R & ie l BdkiT: B
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200 uL 3%, HOA 600 uL Trizol ik7f, JWIEIRG % 2 IRS), ZiRFHE 5min; I 200 uL &4, K%Y
e 15s, FiRHHE 3min 5, 4°C. 12,000 g &0 15 min; WHCEE/KH, #2000 RNA B EP &
H, IMNEER R ERE, BiENES), =REE 10min, 4°C. 12,0009 &0 10min; 2= EFE®R, WL
J&S L RNA JU3E, A 1 mL 75% DEPC /KECHI 1) 4.1, BHESEIPEEIIE, 4°C. 7500 g &0 5 min;
F 5O, SR TUUR (2 5~10 min, #E % T4, 1A 20 uL 6 RNA K, WRITH# RS E T-80°C
TRAF o

f# Fi NanoDrop 2000 43 5% % i1 (Thermo Fisher Scientific A&, & E) I RNA W E 5405, HR
A260/A280 LLATE 1.8~2.0 Z[f], ##7x RNA 2 RIF. LEAFUTS: KH Agilent 2100 447 Hr i
(Agilent A 7], FEE)EN RNA 528, RNA EEME(RIN) > 7.0 YA, BRFEAT R EES8m
TR R

3.3.CircRNAs S EENFS5XE

B 2 pg A% 5 RNA, JII Rnase R i (Epicentre A, 3£E)37°CHEE 30 min, JHL 2R RNA,
E4E circRNAs. [ifi 5418 lllumina TruSeq Stranded Total RNA Library Prep Kit (Illumina A&, 3% [#)3i B
BN TR, BARSERATE RNA FBifk.. cDNA &R, #::Li%EHE. PCR PG4, SCEMEERG,
KH Agilent 2100 A=W 43 A ACHEAT SCPE ot & A I (O PE v BEK/NVEE R E 200~300 bp N &14), Sk JE1E
Illumina NovaSeq 6000 ¥l & (Illumina A 7], 3% E)iEAT 150 bp X I /> (PEL50), 7 k45 B AL 5k
RECIFERH AR A PR A 5] 58

JEL 6 5 B (raw data) S Fastp #fF(v0.23.1) [141HEAT L 08, RMBE A KIS, KR EF7
(Q < 20 MIBigdE 5Lk > 50%) A& & N 2 (N Atk > 10%) 51, $-45 m)i =i % 50 (clean data). {4
Hisat2 #xf(v2.2.1) [15]F clean data 5 A 28525 3L RIZH(GRCh38)IAT LEXT, 1A I - i o) 5% [K] 22 UL A
JZ. KM find_circ #fF(v1.2) [16] [17]55 CIRI2 #fH(v2.0.6) [17]Hk & % 5E circRNAs, HUPH AR {25 58 2
RIEZEE, 12Tt circRNAS %558 1) R BUE 5 vl Sk .

K A 1 7% (TPM, Transcripts Per Million)iZ:%f circRNAs ik &7 ruifb b3 [18], W
B AN TR R AN 3 VR P 22 S (RS2 A R 15 55 WP ) DESeq2 #4463, (v1.42.0) [19]5F bR e I 1) 3128 50 B 3k
TESRIE N, TRk EREN: |log2(FC)| > 1.5 HAER KB (FDR) < 0.05, &FREBARITH S
254 2 8] B G it 7 U 22 395 circRNASs (Differentially Expressed circRNAs, DECs).

3.4. EMERESH

KH R iEF clusterProfiler #fF4u(v4.8.1) [20]0) ik Hi Y % 57 circRNAS 51 AR LRI 3E AT 8 R A4 18
(GO) Ll fie & 45 70 M7 e U # 3 PR 5 KPR 40 11 B4 15 (KEGG) il % & 4E 70 M7, g P <0.05 N2 5 B 4t
B, MHHZE SR circRNAs 5 1Y f2 . 7768, M4y (5 5 iE k.

CircRNAs A 57 4+ PE 45 & 5/ RNA (MIRNA) K #E1E[21], KA miRanda 44 [22] 7l 2 5
Fik circRNAs A Re4s & HE miRNA, ik % F 1% & A Score > 150 H Energy < —20, 3kf3m B (5 AEHE
miRNA. F|] Cytoscape ¥ ff(v3.8.2) [23]#) % circRNA-mMIRNA M %, HEUER —EHRHFERL R,

35. GitFESH

KH SPSS 26.0 Ztit B AH(IBM A%, SCE)EATESE M. tFEBEBIEIEL + brfEZ(X +s) &R,
HAVRTT AT G LEECR R t AR5, ZH IR BRI MSIREA t K256 THEBOR AR (%) sk it o, 4
A ELECRH 2 % . P <0.05 NESFHEARIFFE L.
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4, 58
4.1, FABEELIIRIELE

BRER T AN — 25414 30 B, fESREE . VE) . MREFEA(BMI). JEZk NRS PF345—BBTR
Jrm bR, R E AP > 0.05); M WAHA 6 48, HALTRHB I EEZRP >0.05), TR
FHILL TR BT E, PEILER 1o

Table 1. Comparison of baseline data between the two groups (X £s)

1 RMEBEELERLER(X+s)
R SR ErAE W i EAEE Ul PAE PSRN I A4 U2 P

(n=30) (n=30) BeAd(n=6) H—4(n=6)
() 61.83 +6.03 6083+6.03 064 052 5950+7.23 61.33+539 -050 0.63
P (B I, B) 16/14 15/15 0.07 0.80 3/3 2/4 0.34 0.56

BMI (kg/m?) 2247 +£1.75 2218+1.73 0.65 052 2182+199 2235+151 -052 0.61

HL NRS W43
(47)

4.2. FRRFIGKTHRRZEMIEIREER

BeEVRIT 2 30 B BB A B T — A, RitFEeHYHEREH T2l
H(P<0.001); BEEIRITAAR RN A KEFREZMRT A —HAAP <0.05), HAFERE. TR, HEE
RAEFRIMETHR—HAH, RS RTERISCRTESR, BeetEe, ¥k 2.

6.60 £ 0.97 6.50 £0.97 0.40 0.69 6.17 £ 0.98 6.50+0.84 -0.63 054

Table 2. Comparison of clinical efficacy and safety indicators between the two groups (X s, n = 30)

2 MARFRKRTHIRREMIBRER(X s, n=230)

fabr BCEyRYT 4(n = 30) H—H#j4H (n = 30) the {E P1E
PIRIBARIN [ (h) 33.2+7.1 57.8£9.5 11.625 <0.001
EQ)): SARES R s 56.33 + 8.50 71.67 £9.13 -6.73 <0.001
AR (Y, 1) 30.0 (9/30) 76.7 (23/30) 13.636 <0.001
TERL R A2 (%, 1) 20.0 (6/30) 63.3 (19/30) 10.892 0.001
LRI R A2 (%, i) 16.7 (5/30) 46.7 (14/30) 4.812 0.028
WEHE R A4 (%, ) 3.3 (1/30) 30.0 (9/30) 6.405 0.011

4.3. MEFEHIEREES circRNAs £&E

PP A4 6 ], St 12 s, I RTE 3L 24 0y M3 REAHEST circRNASs mid sl 7, JRIGHE
% Fastp B AR IE S, S FEAIRIGH) clean data KT 10 Gb, Q30 B g 4y (i &8 > 30 KL
m SRR LL ) I 7E 95% LA b, B P EE I E T 5. RER /D B clean data 5 ANESHELHH
(GRCh38)#EAT LT, “FHLLXF N 96.8%, HRIRIIF 51 5 N\ FE A 2L DG e B i o

KH find_circ 5 CIRI2 8- BEE 4558, HE3R15 27,806 M lrf) circRNAS 43T, X% circRNAs |72
AT NPT Gtk L (R Y Gt fidlh), Hor K3 (20 78.3%) H 2~5 MR il K A TR A, >
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ok

fm

o 5

EORIET W& TEERRE X, 54 circRNAs [ L84 24 BURFIE .
4.4. EZRFIE circRNAs fFi%

LAlog2(FC)| > 1.5 H FDR < 0.05 AMffiikbrife, il p A hBainrd 58 —HAHEERITE
3% circRNAs #ikith, L% 5E 1 710 N2 7%k circRNAs (P < 0.05). i, S —HZ541MHtk, Ba
TBIT AR RIE R _FIAM circRNAs A 326 4>, R EE N AR circRNAs & 384 4,

KINEEWER T A circRNAs ()22 ik 500, b et SRR B2 7 circRNAs, 57 5
RE T WA Z 5 circRNAs, K0 s AAFRIC % 2 71 circRNAs (14 1(2)); RAERE R/, 257 circRNAs
REBSIG IR G R IT 205 B — H 2 IR ATE T 1 X 23 JF, R B2 AR AR 1Y) circRNAs A =0 B A 1w B2 2H )
Fr s rE(E 1(b)).

DbvsCh

30
pualue<0.05
log2FoldChange|>15

—logso(pvalue)
3

loga(Fold Change)
(@)
(@) KL, A SARE A circRNA, AL FR A log2(FC), 2445 y—log10(FDRY); 41 (A3 F 1 1 2 5% circRNAs,
W AR T Z 5 circRNAs, KEALR TR EZ R circRNAs; (b) BRBRME, TREZES circRNAs, FIfLHREE
A, BUEERIEAE circRNAs RIEKFEREORERRE, BHORREEZR).

Figure 1. Analysis diagram of differentially expressed circRNAs
& 1. 53X circRNAs 4F[E

45. GO 5 KEGG B& S

X 710 N ZE 53R IE circRNAs FIsE ALK 4T GO Thig & &£, 45 R /R (K 2(2)): R4 T IIRE(MF)
FEif, ZRERFEEETREREZ TR S Bt LIa R KRS . DNA 4655
ﬁ¥%¢\a%ﬁ$5%ﬁﬁﬁaﬁéﬁé;fﬁmﬁﬁ@qﬁﬁ,EE?%?%W%%%\@gw&
Ir WML PR AR, LRSS A REBP)EN, FEEE T @w@m £ e
. 4iiAE SRS EE. MEABNSREOBNS L. BEREZ #05E

KamL%ﬁﬁﬁ%@u@)%EmmmmM%ﬁﬁlzg*ﬁ?mﬁﬁui%%pﬁm% %,
SR EAS T IR AR R AR R A DG B . AU g R R SRR e M R s g . o, AR
16 % AH G IR 1) 4R LU 9 A 1 (28.6%),  HL&E T R MR (P < 0.001), 2~ AXid s il e & B & a7 i
2 P 97 e e 9 30 e A i
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DNA binding 4
adenyl ribonucleotide binding 4

adenyl nucleotide binding 4
transcription regulator activity < [ ]
cysteine-type peptidase activity { @

DNA binding transcription factor activity4 @
ubiquitinyl hydrolase activity 1 @

thiol-dependent ubiquitinyl hydrolase activity 1 @
ubiquitin-like protein-specific protease activity { @
° Count
® 2
@ «
@ oo

protein serine/threonine kinase activity 4
intracellular organelle 4
intrinsic component of membrane 4

integral component of membrane 4
membrane

nucleus 4 [ ) .

padj

chromosomal part{ @

Description

intracellular non-membrane-bounded organelle 4 [ J
non-membrane-bounded organelle 4 [ ]
mediator complex4 e

chromosome 4 o
chromosome organization 4
regulation of signaling 4
regulation of cell communication 4
regulation of signal transduction 4
regulation of intracellular signal transduction 4
regulation of small GTPase mediated signal transduction 4
protein modification by small ... 4
regulation of response to stimulus 4

protein modification by small protein removal 4

protein deubiquitination 4

01 02 03 04

GeneRatio

—
&

Thyroid hormone signaling pathway 4

Insulin secretion 4
Cholinergic synapse .
FoxO signaling pathway 4

Polycomb repressive complex -
Count

5.0
75

Transcriptional misregulation in cancer 4

Hematopoietic cell lineage L]

Thyroid cancer 10.0

Viral life cycle - HIV-1 4 [ J 125

15.0
Glycerophospholipid metabolism 4 .

Influenza A 4

Description

Growth hormone synthesis, secretion and action
Proteoglycans in cancer 4
DNA replication - [}
Cortisol synthesis and secretion 4 [ ]
Parathyroid hormone synthesis, secretion and action 4 [ ]
Bile secretion 4 (]
ABC transporters [ ]

Progesterone-mediated oocyte maturation 4

0.03
GeneRatio

Platinum drug resistance -

0.02 0.04

(b)
: (a) GO LR ST RE, BN ESERET, LN GO %H, TUBRIMMEREENEFLE, I
AR P EGEREE, PEB/N, B4 EE): (b) KEGG % &£ i K, MK N EEFE T, P4irN KEGG
WEAFR, UEKRMEREEREREE, SEMOENRR P AGERE, PEB/)N, SH£HEE).
Figure 2. Bubble plot of GO and KEGG enrichment for parental genes of differential circRNAs
2. Z5 circRNAs EAERE GO 5 KEGG E&S8
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4.6. %8 circRNA-miRNA B {4 7|

JEHCN 7 A0 R AR T P R IA R 3 Bl HREER 1 2 %8 circRNAs (hsa_circ_0039161
A1 hsa_circ_0001707)iE4T#E 1A miRNA Titlll, #F—PREHLAEHLE] . miRanda FAF N 25 R
hsa_circ_0039161 A4l 454 37 > miRNA, b 5 hsa-miR-7843-3p 454 B 15 ¥ i =i(Score = 186, Energy
=-29.3); hsa_circ_0001707 "J#E [ 454 7 4~ miRNA, %I hsa-miR-22-5p 1454 6E /15 5% (Score = 172, Energy
=-27.8), H.AJ[EIFWLf hsa-miR-22-5p 1 hsa-miR-22-3p, LI G 1) “ X HFLRREM "

FIF Cytoscape %173 7 #4) 22 hsa_circ_0039161-miRNA £l hsa_circ_0001707-miRNA TL/ERI4& (£ 3),
W4 53 H @7k : hsa_circ_0039161 #E [ 45 4 ) miRNA R £, MKMW TR, BRILalfelEn “5k
A miRNA 457 , I E#EZ % miRNA NSIESER, ERETRIT NS P RIE Z HEEN;
hsa_circ_0001707 H41 miRNA S5/, (0 H % miR-22 %%(miR-ZZ-SpBD)’ e B e Hh B
W miR-22 A TR B, FLURAR IR A S AR S AN G, AR L AT REIE R S R B miR-22 S
KT FUHE SN, S 5ECETRIT I H R 5 PR RN .

hsa-m*Oa-Sp hsa-rgll 4267
hsa-mijil8934-5p “ hsa~m‘25—5p

hsa mig 6-3p

hsa-mjf660-3; /
P hsa:mif 700—3p hsa-mig@&19e-5p

hsa Wik 776-5p a,' 155b

hsa-mi 20—3p hsa ; hsd-migio11-3p
hs
&y hsa-mi#el726-3p
hsa-my606 3p 860

hsa-mjie828-6p _hsa—mv 529-3p

jt——

hsa4 ~hsa=mil615-5p

o hsa mif v ig687-5p
hsa-mig8649-3p
hsa-mif " oy - ml 691

hsa-mji#05-5p

hsa-mije8088-5p

nsenifioe 1p hsa-rdl1200

hsa-mi@8K84 3-3p
hsa- 155a

hsa-miglo14-5p

hsa-mig25a-3p hsa-‘3943
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