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Background: Serum exosome-based liquid biopsy has significant advantages for screening and diagnosing hepatocellular carcinoma
(HCC). P-element-induced wimpy testis (PIWI)-interacting RNAs (piRNAs) are novel small silencing RNAs that have been identified
to function in cancer-related signalling pathways. However, studies on the presence of piRNAs in serum exosomes from HCC patients
and their diagnostic values in HCC are not well reported. Our aim is to validate serum exosome-derived piRNAs as the valuable
component of liquid biopsy for diagnosing HCC.

Methods: We used small RNA (sRNA) sequencing to profile piRNAs from serum exosomes and describe the base distribution
characteristics of serum exosome-derived piRNAs. Serum exosomes from 125 HCC patients and 44 nontumor donors were included in
this study.

Results: We found that piRNAs were components of serum exosomes from HCC patients. A total of 253 differentially expressed
serum exosome-derived piRNAs were screened from HCC compared with the piRNAs from nontumor donors. Serum exosome-
derived piRNAs from HCC displayed a distinctive base distribution. To further confirm the potential diagnostic value of serum
exosome-derived piRNAs in HCC, we detected the levels of the top 5 upregulated piRNAs in our Chinese cohort. The training set and
validation set both showed that all 5 piRNAs were dramatically increased in the serum exosomes from HCC compared with the
piRNAs from non-tumour donors. The piRNAs could strongly identify HCC patients from non-tumour donors according to the area
under the receiver operating characteristic (AUROC) model. Additionally, the piRNAs could also present significant values for the
diagnosis of HCC with low tumour burden.

Conclusion: piRNAs enriched the components of serum exosomes from HCC and could serve as promising biomarkers for HCC
diagnosis.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide. Although great progress has been
made in therapeutic strategies, HCC remains the third most common cause of cancer-related death.' The subtle nature of
symptoms of early-stage HCC patients makes in-clinic HCC screening challenging. When patients are diagnosed with
HCC, most of them have reached an advanced stage. Serum alpha-fetoprotein (AFP) is a broad marker for the screening
of HCC. However, the sensitivity of AFP for identifying HCC only ranges from 41% to 65%.> Thus, discovering optimal
biomarkers for screening and diagnosing HCC is urgent for improving the prognosis of HCC in the clinic.

Exosomes are characterized as nanoscale particles with a diameter of 30-150 nm.>* The contents of exosomes are
abundant, such as many types of small RNAs, messenger (m)RNAs, proteins, phosphatides, and metabolites. Under
transmission electron microscopy (TEM), exosomes are covered by phospholipid bilayer membranes, which prevent

degradation of the contents.” Thus, exosomes can act as optimal cargos for transferring information. This result indicated
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that the information from cancer cells could be detected from the serum exosomes. During the decade, several studies have
reported that exosome-derived contents, especially micro (mi)RNAs, may serve as biomarkers for HCC diagnosis.®®
However, until now, few have been used in clinical practice. Therefore, we aimed to explore the novel content of exosomes,
which may have great potential for use in HCC diagnosis.

P-element-induced wimpy testis (PIWI) -interacting RNA (piRNA) is an animal-specific class of small silencing
RNAs with a length of 25-32 nucleotides. piRNAs are spliced from single-stranded precursor transcripts.”'® The
ancestral function of piRNAs is the silencing transposons in the germ lines by binding to the PIWI proteins.'' The
newly identified piRNAs also existed in other human tissues and were abnormally expressed in various cancers.'?
piRNAs serve as novel therapeutic targets and participate in cancer-related networks and signalling pathways. This
finding indicated that piRNAs may have value for cancer diagnosis. Liu et al reported that serum piRNAs can act as
potential biomarkers for the diagnosis of cancers.'? To date, several piRNAs may have significant value for the screening
of gastric cancer,'* colorectal cancer,'” etc. However, the issue that piRNAs are present in the serum exosomes of HCC
has not been confirmed. This study aimed to identify piRNAs as significant components of serum exosomes from HCC.
Additionally, we examined the characteristics of the base distribution of exosome-derived piRNAs from HCC and
explored their utility in HCC diagnosis.

Materials and Methods

Patients and Clinical Specimen Preparation

All enrolled HCC patients and non-tumour donors aged 1875 were from the Affiliated Hangzhou First People’s
Hospital, Zhejiang University School of Medicine. None of the non-tumour donors were diagnosed with cancer within
1 year. We emphasize that the collection of the serum from the patients occurred before the invasive procedures. The
serum was isolated at 1000 x g for 10 min at 4°C. To protect the exosomes in the serum, all the serum was aliquoted and
stored at —80°C. All the samples were limited to 1 freeze-thaw cycle. The sample was enrolled in this study after the
patient was histologically diagnosed with HCC. We also collected the general information and clinicopathological
features of HCC patients. The histological stage of HCC patients was according to the 8th edition of the American
Joint Committee on Cancer; tumour, node, metastasis (AJCC-TNM) classification.'®!” This research protocol was
approved by the Affiliated Hangzhou First People’s Hospital, Zhejiang University School of Medicine. The participants
provided written informed consent to participate in this study.

Serum Exosome Purification, Exosome ldentification, and Exosome-RNA Extraction
As previously described, the collected serum from HCC patients and non-tumour donors was centrifuged at 3000 x g at
4°C for 5 min and then filtered with a Millex GV filter unit (0.22 um, Merck Millipore, Darmstadt, Germany). One
millilitre of serum from each sample was used for exosome purification and exosome-RNA extraction according to the
manufacturer’s instructions of the exoRNeasy Midi Kit (No. 77144, Qiagen, Venlo, The Netherlands). The extracted
exosome-RNA was used for reverse transcription or stored at —80°C.

We identified exosome after the exosome purification. Transmission electron microscopy (TEM) was performed as previously
described,'® the purified exosomes were seeded on a copper grid and negatively stained with phosphotungstic acid (2%) for 1.5
min. After the samples were dried for 15 min, the exosomes were observed with a transmission electron microscope (Tecnai G2
Spirit 120 kV, Thermo Fisher Scientific, St. Louis, MO, USA). The hydrodynamic diameter distribution of the exosomes was
measured by a Nano-ZS90 instrument (Malvern, UK) according to the manufacturer’s instructions.

Serum Exosome-Derived piRNA Sequencing and Prediction

piRNA sequencing was performed by Novegene (Beijing, China). The small RNAs (sSRNAs) of serum exosomes from 4 HCC
patients and 4 non-tumour donors were randomly enrolled for piRNA sequencing by using the Multiplex Small RNA Library Prep
Set for Illumina®™ (San Diego, CA, USA) according to the manufacturer’s instructions. After quantification and quality control
(Agilent 2100 pic600, Santa Clara, CA, USA), the sSRNAs were added to 3’ and 5’ adapters, and a quantitative reverse-
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transcription polymerase chain reaction (QRT-PCR) was performed. The products were gel-purified and length filtered according
to the range of length. The sSRNA tags were matched to genome version GRCh38.

Then, we mapped the reads (mismatch=1) with piRNABank (http:/pirnabank.ibab.ac.in/)'® to obtain the known piRNA
profiles in serum exosomes. The unmapped reads were used to predict the novel piRNAs according to a k-mer scheme designed

by Zhang et al.?° Then, we obtained the reads of 4 bases in each position of the piRNAs. The base distribution of piRNAs is shown.
The differentially expressed serum exosome-derived piRNAs between HCC patients and non-tumour donors were screened by
using the DESeq R package at the threshold of log, fold change > 1 and adjusted p value < 0.05.

Quantitative Reverse-Transcription Polymerase Chain Reaction

piR-1029, piR-15254, novel-piR-35395, novel-piR-32132, and novel-piR-43597 were the top 5 upregulated piRNAs with
a length of 25-29 nt. Thus, we performed a stem-loop qRT-PCR test to detect the expression of 5 piRNAs, as previously
described.?' The piRNA c¢cDNAs was synthesized with the condition of 42°C for 60 min and 70°C for 10 min, and the
PCR amplification was performed with the condition of 40 cycles at 95°Cs for 15s and 60°C for 30s. Stem-loop reverse
transcription was performed with a riboSCRIPT Reverse Transcription Kit (C11027, Ribobio, Guangzhou, Guangdong,
China). qPCR amplification was performed with FS Essential DNA Green Master Mix (4913914001, Roche, Pleasanton,
CA, USA) accompanied by a LightCycler 480 instrument (Roche, USA). Data was normalized using the exogenous
control (cel-miR-39-3p, miRB0000010-3-1, Ribobio, Guangzhou, Guangdong, China). The primers used in this study are
shown in Additional 1, Table S1.

Western Blot Analysis of Exosome Markers

As previously described,'® the protein from the purified exosomes was extracted and electrophoresed on a sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel (FD341-100, Fudebio, Hangzhou, China). Then, all
the proteins were transferred onto equilibrated polyvinylidene difluoride membranes. After blocking with 5% nonfat milk
for 1 h at room temperature, the membranes were incubated with primary antibodies overnight at 4 °C and secondary
horseradish peroxidase (HRP)-linked antibody. The bands were detected by an enhanced chemiluminescence (ECL)
system (Biotanon, Shanghai, China) with FDbio-FemtoECL (FD8030, Fudebio, China). The antibodies used in this study
are shown in Additional 1, Table S2.

Statistical Analysis

The description of the quantitative variables is presented as the mean + standard deviation (SD) or median + interquartile
range (IQR). Student’s #-test or the Mann—Whitney test was performed to compare the quantitative variables between the
2 groups. The analysis of variance (ANOVA) followed by Newman-Keuls individual comparisons were used among
more than 2 groups. Categorical measures were compared by the chi-square test or Fisher’s exact test. ACt levels were
used to describe the relative expression levels of 5 serum exosome-derived piRNAs from HCC and non-tumour donors.
The area under the receiver operating curve (AUROC) model was used to evaluate the values of the 5 piRNAs in the
diagnosis of HCC. Statistical analysis was performed with Statistical Product and Service Solutions (SPSS) software
(Version 19.0, IBM, NewYork, USA). All results were 2-tailed, and a p value< 0.05 was set as the significance level. *,
*kEkE and *F** were used to represent p value of < 0.05, < 0.01, < 0.001, and < 0.0001, respectively.

Results

Patient Characteristics

A total of 130 HCC and 44 non-tumour donors were designed in this study. Serum samples from HCC patients were
collected before the patients had undergone hepatectomy or percutaneous liver biopsy. After the patients were histo-
pathologically diagnosed with HCC, the serum of the patients was accepted in this study. One of the patients did not
undergo hepatectomy, which led to a lack of clinicopathological features. Two of the patients showed other tumours. The
other 2 patients received neoadjuvant therapy before the liver biopsy. Thus, 5 patients were excluded from this study. The
characteristics and tumour features of the patients are shown in Table 1.
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Table | Patient Characteristics

Characteristic
Age (yr) 59.75 + 843

<65 35 (28.0%)

> 65 90 (72.0%)
Gender, n (%)

Male 91 (72.8%)

Female 34 (27.2%)
HBV, n (%)

Negative 33 (26.4%)

Positive 92 (73.6%)
AFP, n (%)

< 20 ng/mL 64 (51.2%)

> 20 ng/mL 61 (48.8%)
AFP, n (%)

< 100 ng/mL 77 (61.6%)

> 100 ng/mL 48 (38.4%)
AFP, n (%)

< 400 ng/mL 87 (69.6%)

> 400 ng/mL 38 (30.4%)
Tumour size, n (%)

<5cm 40 (32.0%)

>5cm 85 (68.0%)
Tumour size, n (%)

<8cm 84 (67.2%)

>8cm 41 (32.8%)
T-Stage, n (%)

Low (T1+4T2) 68 (54.4%)

High (T3+T4) 57 (45.6%)
AJCC-Stage, n (%)

Low (Stage 1+2) 64 (51.2%)

High (Stage 1+2) 61 (48.8%)
Tumour number, n (%)

Isolated 110 (88.0%)

Multiple 15 (12.0%)
Macrovascular invasion, n (%)

Negative 68 (54.4%)

Positive 57 (45.6%)
Child-Pugh

A 119 (95.2%)

B 6 (4.8%)

C 0 (0%)
Total bilirubin (umol/L) 15.79 + 19.10
Alanine aminotransferase (U/L) 39.42 + 3249
Aspartate aminotransferase (U/L) 45.27 £+ 50.59
Gamma glutamyl transferase (U/L) 94.65 + 110.11
Albumin (g/L) 43.02 + 4.66
Prothrombin time (s) 11.78 + 0.93
International normalized ratio 0.99 + 0.08
Hemoglobin (g/L) 141.93 £ 31.11
Platelet (10°/L) 176.57 + 70.64
Leukocyte (10%/L) 5.77 + 1.98
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Profiling and Predicting the Serum Exosome-Derived piRNAs from HCC Patients
For deep sequencing of piRNAs, total RNA should be extracted from serum exosomes (Figure 1A). We first extracted
and identified exosomes from 1 mL of serum. Typical exosomes were observed in the total mesorectal excision (TME).
The photographed exosomes had a bilayer membrane structure with a diameter of 100 nm (Figure 1B). The hydro-
dynamic diameter distribution of the exosomes was also measured. The peak of particle diameter was close to 110 nm
(Figure 1C). We extracted total proteins and detected the expression of exosome markers by Western blotting. CD9,
CDS81, CD63, TSG101, HSP70, and HSP90 were all expressed in the extracted exosomes (Figure 1D).

After the serum exosomes were obtained and identified, we randomly extracted RNAs of serum exosomes from 4
HCC patients and 4 non-tumour donors and performed sRNA sequencing. To obtain the complete piRNA profiles in
serum exosomes, we not only matched the sequencing with the known piRNABank (http://pirnabank.ibab.ac.in/) but also

predicted the novel piRNAs through the practiced k-mer algorithm (Additional Files 2 and 3, Figure S1). Then, the

proportions of various SRNA components were analysed. The results showed that miRNAs were the most important
component. However, the composition of piRNAs in exosomes was also abundant. The highest proportion reached
23.72% (Figure 1E). The results showed that piRNAs were the crucial components of the serum exosomes from HCC
patients.

The Base Distribution Characteristics of Serum Exosome-Derived piRNAs

Zhang et al have shown the position-specific properties of piRNAs in mice. They noted the biases for base U and A at
positions 1 and 10 in piRNAs.** However, the characteristics of serum exosome-derived piRNAs have never been
reported in HCC. The piRNAs have a length of 25-32 nt. Through piRNA sequencing, we acquired the base distribution
of each position of piRNAs from the serum exosome. We found that it was specific, both in HCC patients and non-tumor
donors (Additional File 3, Figure S2). The proportions of bases U and G accounted for the largest proportion, while base

A accounted for the smallest proportion. The density of Base U and G focused on the middle part of piRNAs.
Interestingly, the proportion of base C increased dramatically in the last part (2632 position) of piRNAs. The results
showed the specific characteristics of serum exosome-derived piRNAs in HCC patients and non-tumour donors.

The preference of the base U at the first position implies binding to RNase III enzymes or Argonaute-like proteins.** In
this study, we attempted to explore the distribution characteristics of the first base and the last base at different lengths of
serum exosome-derived piRNAs. The first base proportion of piRNAs from HCC and non-tumour donors showed
significant differences. Compared to bases A and U, bases C and G showed specificity through the analysis of the first
base proportion in all lengths of piRNAs (Figure 2A and B). In the serum exosome-derived piRNAs from HCC patients, the
proportion of base C decreased significantly compared with those from non-tumor donors (Figure 2C). In contrast, the
proportion of base G increased dramatically (Figure 2D). When we analysed the distribution of the last base of piRNAs, we
observed an opposite behaviour against the first base (Figure 2E and F). The results showed that the proportion of base
C increased and base G decreased (Figure 2G—H). It is particularly obvious in the piRNAs with lengths of 30 and 31 nt.
Thus, the results showed that significant differences in the first base and last base distribution between HCC and non-
tumour donors could be found in the serum exosome-derived piRNAs. The base distribution characteristics of the serum
exosome-derived piRNAs are suggested to be able to be used to identify HCC.

Five Serum Exosome-Derived piRNAs Could Be Biomarkers for the Diagnosis of
HCC

We further attempted to discover valuable serum exosome-derived piRNAs as biomarkers for the diagnosis of HCC. At
the criteria of log,-fold change > 1 and adjusted p value < 0.05, 253 differentially expressed piRNAs were screened from
the results of piRNA sequencing (36 piRNAs were upregulated and 217 piRNAs were downregulated from the serum
exosomes of HCC) (Additional File 4). The top 5 significantly upregulated exosome-derived piRNAs (according to the
adjusted p value) were set as research candidates (Figure 3A). Of these piRNAs, 2 (piR-1029 and piR-15254) were
known piRNAs in the piRNABank, and 3 (novel-piR-35395, novel-piR-32132, and novel-piR-43597) were novel
piRNAs.
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Figure | Analysis of serum exosome-derived piRNAs from HCC patients and non-tumour donors. (A) The flow diagram of exosome purification and RNA extraction from
the serum of HCC patients. (B) The transmission electron micrograph showed the classic morphology of serum exosomes. (C) The hydrodynamic diameter distribution of
the serum exosomes extracted from HCC patients and non-tumour donors. (D) Western blot detected the typical markers of exosomes (CD9, CD81, CDé63, TSGI101,
HSP70, and HSP90) from HCC patients and non-tumour donors. (E) The proportion of piRNAs in serum exosomal small RNAs. Data were based on sRNA sequencing from
4 HCC patients and 4 non-tumour donors.
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Figure 2 The differences in the distribution of the first base and last base of the piRNAs between HCC patients and non-tumour donors. (A-D) The percentage of Base
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Then, the expression levels of 5 serum exosome-derived piRNAs from 125 HCC patients and 44 non-tumour donors
were detected. All the samples were divided into the training set and validation set. First, from the results of the training
set (54 HCC patients and 20 nontumor donors), 5 piRNAs were significantly upregulated in HCC compared with non-
tumor donors (Additional File 3. Figure S3A—E). This result indicated that the 5 serum exosome-derived piRNAs were

potential biomarkers for the diagnosis of HCC. Then, we calculated the values of 5 piRNAs for distinguishing HCC from
non-tumour donors by introducing the 5 piRNAs into the AUROC model. The results showed that all 5 piRNAs had high
AUROC values (piR-1029: 0.961; piR-15254: 0.868; novel-piR-35395: 0.898; novel-piR-32132: 0.926; and novel-piR
-43597: 0.935). If we combined the 5 piRNAs (5-piRNA signature), the AUROC value would increase to 0.986
(Additional File 3. Figure S3F and G). Second, the results above were confirmed in the validation set (71 HCC patients
and 24 nontumor donors). The levels of piR-15254, piR-1029, novel-piR-35395, novel-piR-32132, and novel-piR-43597
in HCC increased 7.46-fold, 1.85-fold, 4.02-fold, 9.08-fold, and 6.57-fold, respectively, compared with those in non-
tumour donors (Figure 3B—F). The AUROC values of the 5 piRNAs for diagnosing HCC were higher than 0.85 (piR-
1029: 0.861; piR-15254: 0.885; novel-piR-35395: 0.967; novel-piR-32132: 0.885; and novel-piR-43597: 0.981). The
value of the 5-piRNA signature was 0.981 (Figure 3G). Therefore, the results of the validation set were consistent with

the values of the training set. The 5 serum exosome-derived piRNAs could be optimal biomarkers for diagnosing HCC.

Interestingly, the diagnostic value of AFP was 0.687 in our set (Additional File 3, Figure S4), which was approximately similar
to the results reported by Feng et al.** The 5 piRNAs were observed to have better values than AFP. The 5 piRNAs showed high
diagnostic values both in AFP-positive and AFP-negative patients (Additional File 3, Figure S5).

Five Serum Exosome-Derived piRNAs Could Also Serve for the Diagnosis of HCC

with Low Tumour Burden

After determining that 5 piRNAs could be used for accurately diagnosing HCC, we explored their values in the diagnosis of HCC
with low tumour burden. American Joint Committee on Cancer (AJCC) stage, tumour number, and tumour size were 3 crucial
tumour features for describing the tumour burden of HCC. The HCC patients were divided according to the 3 tumour features. The
levels of the 5 piRNAs in HCC patients with low AJCC stage, isolated tumour, or small tumour size were all significantly higher
than the levels of the 5 piRNAs in non-tumour donors (Table 2 and Additional File 3, Figure S6). There were no significant

differences in the expression levels of the 5 piRNAs between the patients with low and advanced tumour burden (low AJCC stage

Table 2 The Levels of 5 Serum Exosome-Derived piRNAs with Different Statuses of HCC (vs Non-Tumour Donors)

AJCC Stage Tumour Number Tumour Size
piR-1029 Low High NT Iso Mul NT < 5cm > 5cm NT
Act value 4,52 4.30 3.50 44| 4.47 3.50 4.42 44| 3.50
P value Rk vs, NT #k vs, NT Rk vs, NT *vs. NT *kys, NT #kk ys, NT
piR-15254 Low High NT Iso Mul NT < 5cm > 5cm NT
Act value 8.08 7.20 4.53 7.76 6.64 453 8.30 7.32 453
P value whkk ys, NT Rk ys, NT wkk ys, NT *vs. NT K ys, NT wkk ys, NT
piR-35395 Low High NT Iso Mul NT < 5cm > 5cm NT
Act value 343 3.42 1.33 3.40 3.64 1.33 3.49 3.37 1.33
P value wRRE vs, NT K ys, NT wkk ys, NT K ys, NT K ys, NT wkk ys, NT
piR-32132 Low High NT Iso Mul NT < 5cm > 5cm NT
Act value 7.40 7.55 4.12 7.40 8.05 4.12 8.08 7.18 4.12
P value wkk ys, NT Rk ys, NT wk yvs, NT ** vs. NT Rk ys, NT wk vs, NT
piR-43597 Low High NT Iso Mul NT < 5cm > 5cm NT
Act value 4.60 4.0l 1.49 4.34 4.10 1.49 4.74 4.10 1.49
P value wkk vs, NT Rk ys, NT wkk ys, NT ok ys, NT Rk ys, NT whkk ys, NT

Notes: Low: early stage I+1I; High: advanced stage llI+IV. Small size: <5cm; large size: >5e¢m. *, **, *¥¥* and *** were used to represent p value of < 0.05, < 0.01, <0.001, and
< 0.0001, respectively.
Abbreviations: NT, non-tumour; Iso, isolated; Mul, multiple.
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vs high AJCC stage; isolated tumour vs multiple tumours; <5 cm vs >5 ¢cm). Thus, the results showed that HCC patients with low
tumour burden also had high levels of 5 piRNAs, which indicated that the 5 serum exosome-derived piRNAs could be used for the
diagnosis of HCC with low tumour burden. Then, we introduced the levels of 5 piRNAs into the receiver operating characteristic
(ROC) model from HCC patients with low and advanced tumour burdens. The AUROC values of 5 piRNAs for diagnosing HCC
with low tumour burden were significantly high enough (piR-1029: 0.878; piR-15254: 0.927; novel-piR-35395: 0.986; novel-piR
-32132: 0.887; novel-piR-43597: 0.957) (Additional File 3, Figure S7). All the results indicated that the 5 serum exosome-derived
piRNAs had the potential to diagnose HCC with a low tumour burden.

Discussion

HCC is a well-known lethal tumour. China is one of the countries with a high incidence of HCC due to the high infection
rate of Hepatitis B virus (HBV).>> Effective screening and accurate diagnosis are crucial approaches for improving the
prognosis of HCC patients. In this study, we proposed that abundant piRNAs existed in the serum exosomes of HCC
patients. We showed the base distribution of the serum exosome-derived piRNAs from HCC. Of these piRNAs, 5 serum
exosome-derived piRNAs could be optimal biomarkers for the diagnosis of HCC.

The exploration of exosomes on the diagnostic value of HCC has been a hot issue. Exosomes act as cargos for
transferring proteins, miRNAs, IncRNAs, mRNAs, tsRNAs, and liquids, which could be potential biomarkers for the
diagnosis of HCC.?® Exosome-derived miRNAs could be the most famous content in the research field of diagnosing
biomarkers for HCC. Wang et al proposed that serum exosome-derived miR-122, miR-148a, and miR-1246 are
significantly higher in HCC.?” Fornari et al revealed that exosome-derived miR-519d could be a better biomarker for
HCC than AFP.*® Kogure et al identified a subset of miRNAs that were highly enriched within exosomes of HCC.”
Wang et al showed that serum exosomal miR-21 was significantly higher in HCC than in non-tumour volunteers.*® Our
results indeed showed that miRNAs were the most important components compared with others. However, other contents
of exosomes also have potential value for diagnosing HCC. Sun et al showed that serum exosome-derived LINC00161
was significantly upregulated in HCC patients and had a high AUROC level for diagnosing HCC.?" Xu et al suggested
that serum exosomal hnRNPH1 mRNA levels were significantly higher in HCC, and the AUROC value was 0.865.%
Sanchez et al used lipidomics to identify that lipid species were enriched in the exosomes of HCC and served as
biomarkers for the early detection of HCC.*® Zhu et al first proposed that 4 tRNA-derived small RNAs (tRNA-ValTAC-3,
tRNA-GlyTCC-5, tRNA-ValAAC-5 and tRNA-GIluCTC-5) were potential biomarkers for diagnosing HCC.>* This result
indicated that using other content of HCC serum exosomes for the diagnosis of HCC was essential.

piRNAs are small RNAs that are first found in germ lines. Several reports have proposed that other cell types also
express functional piRNAs. Gao XQ confirmed that piR-141981 (CHAPIR) regulated cardiac hypertrophy by targeting
METTL3-mediated N6-methyladenosine (m6A) methylation of Parpl0 mRNA transcripts.>® In the liver, piR-823
increased hepatic stellate cell activation by binding EIF3B, which promoted liver fibrosis and HCC tumorigenesis.*®*’
This finding indicated that piRNAs might have potential value in the regulation of HCC. The serum exosomes of cancer
patients have been identified with piRNAs. Li et al showed that serum exosomal piRNAs (piR-26925 and piR-5444)
could be potential biomarkers for the diagnosis of lung adenocarcinoma.’® However, research on serum exosome-derived
piRNAs for diagnosing HCC is lacking. Through sSRNA sequencing, we observed that serum exosomes of HCC existed
with abundant piRNAs. We also proposed some unknown piRNAs that were not enrolled in the piRNA database and
confirmed that the piRNA was the content of serum exosomes from HCC. However, the mechanisms of 5 piRNAs in the
regulation of HCC were not reported in this study or the literature.

To our knowledge, we are the first to propose that serum exosome-derived piRNAs could be used for the diagnosis of
HCC in the clinic. From the training set and validation set, we found that the 5 piRNAs were significantly upregulated in
serum exosomes of HCC. The AUROC model also showed that the 5 piRNAs had high AUROC values for diagnosing
HCC. We also showed that the 5 piRNAs were also suitable for the diagnosis of HCC with low tumour burden.
Compared with the reported biomarkers in the literature described above and AFP, the 5 piRNAs also showed higher
values. Serum exosome-derived piRNAs could serve as valuable biomarkers for HCC diagnosis.

The base distribution of piRNAs has its characteristics. Zhang et al noted the biases for base U and A at positions 1 and 10
in piRNAs.? The preference of base U at the first position implies binding to RNase III enzymes or Argonaute-like proteins. In
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Figure 4 piRNAs, as the newly identified components of serum exosomes from HCC patients, could be promising biomarkers for the diagnosis of HCC.

this study, we also found that the base distribution of piRNAs in serum exosomes was peculiar. The characteristics of the base
distribution of piRNAs could be used to distinguish HCC patients from non-tumour donors. We showed that base C was
specifically preferred in the last part of serum exosome-derived piRNAs. In all lengths (25-32 nt) of piRNAs from HCC, base
G increased and base C decreased significantly in the first base. On the lower base, we observed the opposite results. However,
the mechanisms have not been revealed. The factors that influence miRNA and tRNA characteristics are what we can learn
from. Note that the Dicer RNase IIIA domain tends to generate miRNAs with Base U at the 5',* resulting in a strong
preference for base U at the 5" end of the miRNA. The specific sequences of 5’ of tsSRNA are generated by RNaseZ, and the 3’
of tsSRNA results from the transcription process by RNA polymerase I11.%° It is interesting that serum exosome-derived
piRNAs from HCC showed specificity. The specificity may occur at the stage of piRNA generation from HCC. Alternatively,
such characteristic piRNAs are more likely to be released into serum exosomes by HCC.

There were limitations in this study. First, only the Chinese cohort was enrolled. Second, the mechanisms by which
piRNAs are packaged into exosomes and transferred into serum have not been elucidated. Third, the reason why serum
exosome-derived piRNAs from HCC exhibited specific base distribution should be further investigated.

Conclusions

Our work revealed that piRNAs were components of serum exosomes from HCC patients. Moreover, significant
specificity existed when we analysed the base distribution of the serum exosome-derived piRNAs. Notably, from the
Chinese HCC cohort, 5 serum exosome-derived piRNAs showed significant values for distinguishing HCC patients from
non-tumour donors. The piRNAs could also be used for diagnosing HCC with a low tumour burden. Taken together, the
piRNAs from serum exosomes could be promising biomarkers for HCC diagnosis (Figure 4).

Abbreviations

HCC, hepatocellular carcinoma; piRNAs, P-element-induced wimpy testis (PIWI) -interacting RNAs; sRNA, small
RNA; TEM, transmission electron microscopy; AFP, serum alpha-fetoprotein; AUROC, area under the receiver operating
characteristic; AJCC-TNM, American Joint Committee on Cancer; tumour, node, metastasis classification.
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