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Abstract 22 

Background: Exosomes are extracellular vesicles (EVs) derived from endocytic 23 

compartments of eukaryotic cells which contain various biomolecules like mRNAs or 24 

miRNAs. Exosomes influence the biologic behaviour and progression of malignancies and 25 

are promising candidates as non-invasive diagnostic biomarkers or as targets for 26 

therapeutic interventions. Usually, quantitative real-time polymerase chain reaction 27 

(qRT-PCR) is used to assess gene expression in cancer exosomes, however, the ideal 28 

reference genes for normalization yet remain to be identified.  29 

Results: In this study, we performed an unbiased analysis of high-throughput mRNA and 30 

miRNA-sequencing data from exosomes of patients with various cancer types and identify 31 

candidate reference genes and miRNAs in cancer exosomes. The expression stability of 32 

these candidate reference genes was evaluated by the coefficient of variation “CV” and the 33 

average expression stability value “M”. We subsequently validated these candidate 34 

reference genes in exosomes from an independent cohort of ovarian cancer patients and 35 

healthy control individuals by qRT-PCR.  36 

Conclusions: Our study identifies OAZ1 and hsa-miR-6835-3p as the most reliable 37 

individual reference genes for mRNA and miRNA quantification, respectively. For superior 38 

accuracy, we recommend the use of a combination of reference genes - 39 

OAZ1/SERF2/MPP1 for mRNA and hsa-miR-6835-3p/hsa-miR-4468-3p for miRNA 40 

analyses. 41 

KEYWORDS: reference gene; qRT-PCR; cancer exosome; RNA-Seq; 42 

miRNA-Seq 43 

44 
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Background 45 

Exosomes are a class of extracellular vesicles (EVs) which are secreted by eukaryotic cells. 46 

Exosomes contain biomolecules, such as DNA, RNA, miRNA or proteins and are 47 

considered important mediators of intercellular communication [1-7]. Cancer cell-derived 48 

exosomes play a pivotal role in tumorigenesis and cancer progression as they modulate 49 

cancer cell biology, the tumor microenvironment and the immune response [7-13]. 50 

Tumor-derived exosomes can also be harnessed as non-invasive diagnostic biomarkers due 51 

to their abundance in biological fluids and the enrichment of tumor-relevant biomolecules 52 

such as mRNAs or miRNAs within [4, 14-17]. In the past, various exosome-based liquid 53 

biopsies studies have suggested clinical feasibility for cancer diagnosis [18-20].   54 

To accurately explore exosomes as non-invasive biomarkers and to better understand 55 

their impact on cancer progression, the precise quantification of biomolecule abundance 56 

within exosomes is of utmost importance. Quantitative real-time polymerase chain reaction 57 

(qRT-PCR) is the most widely used laboratory technique to evaluate cell-intrinsic and 58 

exosomal gene expression patterns [21]. qRT-PCR offers the advantage of high sensitivity 59 

and specificity combined with reproducibility and low template input requirements [22, 23]. 60 

However, technical or experimental factors inherent to qRT-PCR, such as variable template 61 

integrity or efficiency of reverse transcription, can reduce the diagnostic accuracy [23-26]. 62 

In addition, the numbers, sizes, and compositions of exosomes are usually affected by 63 

many factors including the methodologies for exosome isolation, intracellular biological 64 

processes, cell culture parameters and the treatments of the parental cells, which introduce 65 

the difficulty for the characterization of the composition in exosomes [27-29]. To account 66 
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for this, reference genes with stable expression across different conditions or cancer 67 

subtypes are used to normalize gene expression [22, 30, 31]. Currently, the reference genes 68 

used for expression analyses in exosomes are most frequently those which are also used for 69 

tissue or cell lines, such as ACTB, 18S rRNA and GAPDH [5, 32, 33]. Notwithstanding 70 

their broad use, expression levels of these housekeeping genes are not universally stable, 71 

thus decreasing the quantitative accuracy in exosome studies [22, 31, 34-37]. For example, 72 

the small nucleolar RNA RNU6 is frequently used as a reference gene for miRNA 73 

expression analyses within cells [38-40], but the molecule is only expressed in the cell 74 

nucleus and not detected in exosomes [41-43]. Whereas some studies reported RNU6 to be 75 

detectable in exosomes, this is most likely due to contamination of the exosome fraction 76 

with intact cells or cell debris [44, 45]. Therefore, the unvalidated use of classical 77 

housekeeping genes suitable for cell lines or tissues needs to be critically considered for 78 

the analysis of exosomes. 79 

To address this unmet need of an unbiased identification and validation of reference 80 

genes or miRNAs for exosome studies, here, we performed a sequencing-driven analysis 81 

with high-throughput mRNA- and miRNA-Seq datasets from serum exosomes of patients 82 

with frequent cancer types and of healthy control individuals and subsequently validate 83 

these candidates by qRT-PCR in serum exosomes of an independent cohort of ovarian 84 

cancer patients and of healthy control individuals. 85 

 86 

Results 87 
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Identification of candidate reference genes by an unbiased integrative analysis of 88 

pooled cancer mRNA-Seq datasets 89 

To identify reference genes with stable expression in serum exosomes, we interrogated 90 

RNA-Seq data from 47 serum exosome samples of patients with PAAD, CRC and HCC as 91 

well as of 32 healthy control individuals (HC) and applied Deseq2 to evaluate expression 92 

levels across samples. Only genes with high expression in both, serum exosomes of cancer 93 

patients and of healthy individuals (measured as transcripts per million (TPM)) compared 94 

to the average gene expression level (pooled-transcriptome) were considered as potential 95 

reference candidates. Our analysis firstly identified 112, 117, and 85 stably expressed 96 

genes respectively in serum exosomes of PAAD, CRC and HCC (p value > 0.1), by 97 

comparing their patients with healthy control individuals using Deseq2 analysis. Then 48 98 

genes were found to be universally stably expressed in serum exosomes of all cancers. By 99 

sorting these genes by their expression level, we identified ten highly expressed candidate 100 

reference genes (ADP-ribosylation factor 1 (ARF1), beta-2-microglobulin (B2M), H3 101 

histone pseudogene 6 (H3F3AP4), integral membrane protein 2B (ITM2B), membrane 102 

palmitoylated protein 1 (MPP1), ornithine decarboxylase antizyme 1 (OAZ1), 103 

protein-L-isoaspartate (D-aspartate) O-methyltransferase domain containing 1 (PCMTD1), 104 

superoxide dismutase 2 (SOD2), small EDRK-rich factor 2 (SERF2), and WAS/WASL 105 

Interacting Protein Family Member 1 (WIPF1) (Fig. 1A, indicated by red dots and Tab. 1). 106 

The diagonal scatterplot distribution of candidate reference genes indicates consistent 107 

expression abundance between exosomes of cancer patients and of healthy control 108 

individuals (Fig. 1A), with a correlation coefficient of R=0.995. Furthermore, expression 109 



 6 

patterns of candidate reference genes identified by the pooled cancer analysis (including 110 

PAAD, CRC and HCC) were recapitulated in each cancer subtype as well (Fig. 1B-D). 111 

 112 

Evaluation of expression levels and stability of candidate reference genes 113 

To further validate our predicted candidate reference genes for exosomes, we compared 114 

their respective expression levels and stabilities with those of nine classical housekeeping 115 

genes: beta-actin (ACTB), beta-2-microglobulin (B2M), ribosomal protein L13A (RPL13A), 116 

tyrosine 3-monooxygenase/tryptophane 5-monooxygenase activation protein zeta 117 

(YWHAZ), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), vimentin (VIM), 118 

peptidylprolyl isomerase A (PPIA), aldolase A (ALDOA), and ubiquitin C (UBC). Overall, 119 

abundance of exosomal candidate reference genes (Fig. 2A) was similar to those of 120 

classical housekeeping genes (Fig. 2B). B2M had by far the highest overall expression 121 

abundance of all candidate reference genes (Fig. 2A) which was only surpassed by the 122 

classical housekeeping gene ACTB (Fig. 2B). We then assessed the expression stability 123 

across samples and tumor types by two measures: 1) the coefficient of variation “CV” as 124 

the standard deviation divided by the mean of the expression levels (transcripts per million 125 

- TPM), and 2) the average expression stability “M” determined by the geNorm algorithm. 126 

“CV” values for the exosomal candidate reference genes (0.405 to 0.723) (Fig. 2C) were 127 

significantly lower than those for classical housekeeping genes (p=8.10e-04, Wilcoxon 128 

rank-sum test) (Fig. 2D) with “M” values below 1.0, thus indicating higher expression 129 

stability across samples and tumor types (Fig. 2E). The “M” values were also significantly 130 

lower in candidate reference genes compared to those for classical housekeeping genes 131 

(p=0.0279, Wilcoxon rank-sum test) (Fig. 2F). The candidate reference genes were then 132 

sorted according to their expression stability from highest to lowest, and both, the “CV” 133 

and “M” criteria achieved similar ranks for most candidates. OAZ1 was identified as the 134 
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gene with the highest expression stability across samples and tumor types (Tab. 1). We also 135 

identified and validated ten candidate reference genes respectively for each cancer subtype 136 

including PAAD (FTL, OAZ1, FYB1, SERF2, SOD2, PCMTD1, ARPC2, NCOA4, HCLS1 137 

and TYROBP), CRC (B2M, RPL41, SNCA, RPS9, BTF3, ADIPOR1, HEMGN, SOD2, 138 

PCMTD1 and NCOA4), and HCC (FTL, OAZ1, CD74, DDX5, PCMTD1, HCLS1, LSP1, 139 

RPL9, WIPF1 and H3F3AP4) as well (Suppl. Fig. 1). 140 

 141 

Validation of candidate reference genes in exosomes of an independent cohort of 142 

ovarian cancer patients 143 

Based on the promising results from the pooled analysis of serum exosomes of patients 144 

with different tumour types, we expected our predicted candidate reference genes to be 145 

applicable to serum exosomes from patients with various other cancer types as well. 146 

Therefore, we next sought to validate the candidate reference genes in a “real-life setting” 147 

in samples of serum exosomes of ten ovarian cancer patients and of ten healthy control 148 

individuals. The qRT-PCR results showed that as expected from the RNA-Seq data, B2M 149 

had the highest expression abundance among all candidates (Fig. 3A). Moreover, absolute 150 

abundance of SOD2, H3F3AP4, OAZ1, and SERF2 were comparable to the expression 151 

level of 18S rRNA, whereas the abundance of the remaining five genes (ITM2B, ARF1, 152 

PCMTD1, WIPF1, MPP1) was lower (Fig. 3A). Interestingly, the abundance of the 153 

reference candidate genes in serum exosomes of healthy control individuals and of ovarian 154 

cancer patients were highly consistent (Fig. 3A). Most candidate genes also exhibited high 155 

expression stability in ovarian cancer and healthy control individuals with “M” and “CV” 156 

values lower than 1.0 (Fig. 3B-E), even though some variation occurred regarding the gene 157 

order between both stability indicators. Whereas MPP1, WIPF1, SOD2 and OAZ1 158 

exhibited lower “CV” values in exosomes of healthy individuals (Fig. 3C), in both 159 
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exosome groups, OAZ1 had the lowest “M” value (Fig. 3D-E). The “M” values for OAZ1, 160 

ITM2B, SERF2, MPP1, H3F3AP4, and ARF1 were advantageous over 18S rRNA, whereas 161 

WIPF1, B2M, SOD2 and PCMTD1 in part had clearly higher “M” values indicating 162 

reduced expression stability (Fig. 3D).  The expression stability of 18S rRNA was lower 163 

(indicated by a higher “M” value”) compared to many of the identified candidate reference 164 

genes especially in exosomes of healthy control individuals (Fig. 3D-E). 165 

To quantify gene expression levels more accurately, multiple reference genes can be 166 

used [46]. Therefore, we also determined the expression stability of respective 167 

combinations of candidate reference genes by determining the average gene-specific 168 

variation with the geNorm algorithm for RNA-Seq datasets in exosomes of the pooled 169 

cancer populations and for qRT-PCR data of exosomes from ovarian cancer patients. 170 

Overall, three combinations according to their expression stability ranks (Table 1) were 171 

evaluated: 1) genes 1-3 (OAZ1, SERF2, MPP1); 2) genes 4-6 (H3F3AP4, WIPF1, 172 

PCMTD1); and 3) genes 8-10 (SOD2, B2M, ITM2B). The first group with a combination of 173 

OAZ1, SERF2 and MPP1 had the lowest average gene-specific variations in exosomes of 174 

the pooled patient group including PAAD, HCC and CRC (RNA-Seq, Suppl. Fig. 2A) as 175 

well as in ovarian cancer patients (qRT-PCR, Suppl. Fig. 2B) indicating the highest 176 

expression stability. 177 

 178 

Identification and validation of candidate reference miRNAs in cancer exosomes 179 

In addition to mRNA, exosomes also contain miRNA. To identify reliable miRNAs for 180 

normalization in exosomes, we analyzed miRNA-Seq data of 72 serum exosome samples 181 

of patients with HCC, HNSCC, LCA, NBL, OVA, and THCA and 31 serum exosome 182 

samples of healthy control individuals. We identified six candidate reference miRNAs with 183 
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high and stable expression: hsa-miR-125-5p, hsa-miR-192-3p, hsa-miR-4468, 184 

hsa-miR-4469, hsa-miR-6731-5p, and hsa-miR-6835-3p (Fig. 4A). Expression levels and 185 

stability of the candidate reference miRNAs were evaluated in the exosomes of pooled 186 

cancer and further validated in the exosomes of ovarian cancer and healthy control 187 

individuals (Fig. 4B-J). Across the pooled exosomes of six cancer types, but also for each 188 

individual cancer type, these candidate miRNAs show high expression and similar 189 

abundance compared to exosomes of healthy control individuals (depicted as counts per 190 

million (CPM)) (Fig. 4B, Suppl. Fig. 3). Among all candidate miRNAs, hsa-miR-6835-3p 191 

had the highest expression level across samples and tumor types (Tab. 2). And 192 

hsa-miR-4468 had the highest and hsa-miR-6731-5p the lowest expression stability across 193 

samples and cancer types as indicated by low and high “CV” and “M” values, respectively 194 

(Fig. 4E, H). Overall, “M” values for all candidate miRNAs were low (<1.5), indicating 195 

their general expression stability and potential utility as candidate reference miRNAs for 196 

exosomes. By integrating both stability indicators “CV” and “M”, candidate reference 197 

miRNAs were ranked and hsa-miR-4468 showed the highest overall expression stability 198 

across samples and tumor types (Tab. 2). Finally, hsa-miR-6835-3p with high expression 199 

level and stability was identified as the best reference miRNA.  200 

To further validate the predicted reference miRNA candidates, we measured their 201 

expression levels by qRT-PCR in serum exosomes of patients with ovarian cancer (n=10) 202 

and of healthy control individuals (n=10). miRNA abundance was calculated as cycle 203 

threshold numbers (Ct) relative to ce-miR-39-1. ce-miR-39-1 is a frequently used miRNA 204 

for normalization (Fig. 4C-D). These results showed the highest expression for 205 
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hsa-miR-4469 in exosomes of ovarian cancer patients even though all miRNAs were less 206 

abundant than ce-miR-39-1 (Fig. 4C-D). In exosomes of ovarian cancer patients, 207 

hsa-miR-4469 and hsa-miR-4468 were the miRNAs with the highest and lowest expression 208 

levels, reproducing the results for exosomes of healthy control individuals (Fig. 4C-D). 209 

Compared to the miRNA-Seq analysis (Fig. E, H), hsa-miR-6731-5p, hsa-miR-4468, 210 

hsa-miR-192-3p and hsa-miR-6835-3p exhibited lower “CV” and “M” values indicating 211 

even higher expression stability in a “real-life” setting (Fig. 4F, G, I, J). Overall, all 212 

candidate reference miRNAs in exosome of ovarian cancer and healthy control individuals 213 

exhibited “M” values smaller than 1.5 indicating high expression stability (Fig. 4I-J).  214 

 215 

Furthermore, the expression stability of combinations of multiple reference miRNAs 216 

was determined by the average gene-specific variation. We generated three combinations 217 

of two candidate reference miRNAs each according to their expression stability ranks (Tab. 218 

2): 1) miRNAs 1-2 (hsa-miR-4468 and hsa-miR-6835-3p), 2) miRNAs 3-4 219 

(hsa-miR-192-3p and hsa-miR-125a-5p), and 3) miRNAs 5-6 (hsa-miR-4469 and 220 

hsa-miR-6731-5p). The combination of hsa-miR-6835-3p and hsa-miR-4468 had the 221 

highest expression stability in exosomes of pooled groups of patients affected by PAAD, 222 

HCC and CRC (miRNA-Seq data, Suppl. Fig. 4A) or by ovarian cancer (qRT-PCR data, 223 

Suppl. Fig. 4B).  224 

 225 

Discussion 226 
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Exosomes are nano-sized (<200nm in diameter) biovesicles which are released into the 227 

surrounding body fluids upon fusion of endocytic compartments with the plasma 228 

membrane[47] . Exosomes transfer various types of cargo from donor to acceptor cells 229 

among them nucleic acids, mRNAs and miRNAs were the first nucleic acids to be 230 

identified in exosomes [3]. Interestingly, some mRNAs and miRNAs are even specifically 231 

enriched in cancer exosomes implying a critical role for cancer biology and progression. 232 

Therefore, exosomes can be harnessed as diagnostic biomarkers or as targets for 233 

therapeutic interventions [3, 5, 48-50]. To characterize the composition of exosomes, the 234 

accurate quantification of mRNA and miRNA expression within the exosome fraction is 235 

critical. qRT-PCR combines high sensitivity and specificity with high reproducibility and 236 

low template input requirements and is therefore an ideal technology for exosome studies 237 

[22, 23]. qRT-PCR analyses, however, require the selection of appropriate reference genes 238 

to avoid variation in gene expression results under different experimental conditions (e.g. 239 

tumor cell vs. exosome) [22, 30, 31, 51] and currently, the ideal reference genes for the 240 

analysis of exosomes across cancers or for comparison of expression with cancer cells or 241 

tissues remain largely unknown [52, 53]. Often, classical housekeeping genes used for 242 

gene expression analyses in tissues or cell lines are used for exosome studies as well, but 243 

the expression stability of these genes is not unconditionally guaranteed for exosome 244 

samples thereby limiting the analytical accuracy. In this context, previous studies have 245 

confirmed that there is no universal reference gene for normalization under different 246 

conditions [35, 36, 54, 55]. 247 
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   Therefore, here, we sought to perform an unbiased and sequencing-driven analysis of 248 

publicly available high-throughput RNA- and miRNA-Seq datasets to identify and 249 

experimentally validate reference genes and combinations of these genes to generate 250 

accurate RNA- and miRNA-expression data from serum exosomes of cancer patients. 251 

From the pooled RNA- and miRNA-Seq datasets we identify multiple potential candidate 252 

reference genes in cancer exosomes (ARF1, B2M, H3F3AP4, ITM2B, MPP1, OAZ1, 253 

PCMTD1, SOD2, SERF2, WIPF1 for mRNA analyses and hsa-miR-125-5p, 254 

hsa-miR-192-3p, hsa-miR-4468, hsa-miR-4469, hsa-miR-6731-5p, and hsa-miR-6835-3p 255 

for miRNA analyses) (Tab. 1, 2 and Suppl. Tab. 1) and subsequently validate their 256 

expression stability in exosomes isolated from sera of patients with ovarian cancer and of 257 

healthy control individuals. All ten identified candidate reference genes provide better 258 

accuracy in terms of stability and variation of expression compared to classical 259 

housekeeping genes (Table 1, Fig. 2D and F). Interestingly, if we applied our algorithm to 260 

exosome data of each individual cancer type, the predicted candidate reference genes were 261 

different from those in the pooled cancer analysis and also varied among cancer subtypes 262 

(Suppl Fig. 1).  263 

By employing two different indicators, we define mRNA and miRNA expression 264 

stability from two different perspectives: 1) the coefficient of variation “CV” and 2) the “M” 265 

value which are both based on the expression abundance of a gene (measured as transcripts 266 

per million – TPM) or miRNA (measured as counts per million – CPM). Whereas “CV” 267 

measures the variation of a reference gene across all samples, “M” represents the average 268 

pairwise variation of a reference gene versus all other reference genes across all samples. 269 

Low “CV” and “M” values suggest stable gene expression, and in general, genes with “M” 270 

<1.5 can be accepted as reference genes [54]. By requiring a reference gene to have ideally 271 
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both, low “CV” and “M” values, we identify OAZ1 and hsa-miR-6835-3p as the most 272 

accurate single reference genes based on RNA-Seq datasets (Tab. 1 and 2). We confirm the 273 

utility of all candidate reference genes and miRNAs but especially of OAZ1 and 274 

hsa-miR-6835-3p by measuring their expression abundance (Fig. 3A and Fig. 4C, D) and 275 

stability (Fig. 3B, C, D, E and Fig. 4F, G, I, J) in serum exosomes of an independent cohort 276 

of ovarian cancer patients and of healthy control individuals (n=10 each group, Fig. 3). 277 

NormFinder [56] is another popular method without requiring priori knowledge of control 278 

gene as calibrator to enhance the accuracy, by calculating intra and intergroup variations to 279 

evaluate the stability of expression. Here we used NormFinder to evaluate the candidates 280 

predicted by geNorm. The results (Suppl. Fig. 5) showed that the most reliable genes 281 

OAZ1 and hsa-miR-6835-3p still presented a robust stability measured by NormFinder, 282 

with OAZ1 ranking the 1st in healthy controls and the 2nd in ovarian cancer patients (Suppl. 283 

Fig. 5A, B), and with hsa-miR-6835-3p ranking the 1st in healthy controls and the 3rd in 284 

ovarian cancer (Suppl. Fig. 5C, D). To increase the diagnostic accuracy, some studies 285 

suggest the use of a combination of multiple reference genes or miRNAs [52, 54, 57]. We 286 

therefore tested various combinations of reference gene candidates, and identified the 287 

combinations of OAZ1, SERF2 and MPP1 for mRNA (Suppl. Fig. 2) and hsa-miR-6835-3p 288 

and hsa-miR-4468 for miRNA (Suppl. Fig. 4) providing the highest expression stability 289 

across samples and tumor types. 290 

Unlike many previous studies which used an approach to narrow down the number of 291 

reference genes from a panel of previously reported candidate genes - usually a list of 292 

classical housekeeping genes [37, 45, 58, 59] - our study has the clear advantage of an 293 
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unbiased and sequencing data-driven approach thus preventing bias from artificial 294 

selection. Due to the scarcity of publicly available RNA- and miRNA-Seq exosome 295 

datasets with high sequencing quality, the exosome datasets used herein include the 296 

RNA-Seq exosome samples with PAAD, CRC and HCC as well as miRNA-Seq exosome 297 

samples with HCC, HNSCC, LCA, NBL, OVA, and THCA. Accounting for the limitation 298 

that the samples in our current analysis may not fully capture the dynamic expression of 299 

genes in exosomes of pan-cancers, our analysis will be continuously updated with the 300 

emergence of additional sequencing datasets to refine the robustness of identified candidate 301 

reference genes. In this regard, it will be interesting to determine if the reference genes and 302 

miRNAs identified here will also proof utility in a true pooled cancer analysis including 303 

most or even all of the different cancer types affecting patients.  304 

   In our analysis, pooled cancer RNA- or miRNA-Seq datasets are from the extracellular 305 

vesicles (including exosomes) isolated from the different labs. However, different sized 306 

vesicles are derived from different intracellular processes, that affects the numbers and 307 

biomolecule contents. Other technical factors (such as exosome isolation and 308 

quantification procedures) and biological factors (such as cancer type) can also impact the 309 

numbers and composition of exosomes [60-62]. Exosomes isolated from the different 310 

sources or by the different isolation methodologies introduce variations in the 311 

concentration, purity and size [28, 29]. Moreover, due to the limited knowledge of 312 

exosome specific molecular machineries of biogenesis and release, there are the challenges 313 

in confirming the biogenesis mechanisms of exosomes. Therefore, future efforts should 314 

definitely include standardization (number, volume, etc) and verification of the exosome or 315 
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extracellular vesicle characteristics, prior to sequencing. 316 

We finally confirm previous study results indicating, that housekeeping genes in 317 

cancer cell lines and tumor tissue cannot be transferred to the analysis of exosomes and 318 

vice versa without further validation[22, 31, 35, 36]. For this, we predicted the top ten 319 

candidate reference genes (ACTB, RPS27, RPS11, RPL13A, RPL41, RPS14, RPL41P1, 320 

RPS29, RPL10 and NACA), in cancer tissues with simultaneous high expression abundance 321 

(log2(TPM+1)) and stable expression (“CV” and “M”) (Suppl. Fig. 6A) , and compared 322 

their ranks with those of the top ten predicted reference genes in exosomes and vice versa 323 

(Suppl. Fig. 6B).  The top ten genes with the high expression stability in tissues as 324 

indicated by low “CV” and “M” values were ranked the 120th to 600th in exosomes (Suppl. 325 

Fig. 6B, C, D). The results clearly show that there is no overlap between candidate 326 

reference genes in exosomes and cancer cell lines/tissue if both, exosome and cancer cell 327 

line datasets are not considered together in the initial step of candidate reference prediction 328 

(Suppl. Fig. 6B). Although derived from tissue, exosomes deliver specific cargo of protein, 329 

miRNA, and small molecules, which is heterogenous between exosome and tissue. The use 330 

of tissue-specific reference genes causes quantitative inaccuracy due to the instability of 331 

them in exosome studies. Therefore, it is great practical necessity for use exosome-specific 332 

reference genes to enhance the quantity accuracy.  333 

 334 

Conclusions 335 

Our study provides reference genes and miRNAs with high abundance and expression 336 
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stability across samples and cancer types for more accurate future qRT-PCR analyses of 337 

cancer exosomes. OAZ1 and hsa-miR-6835-3p were identified as the most reliable 338 

individual reference genes for mRNA and miRNA quantification, respectively. For superior 339 

accuracy, we recommend the use of a combination of reference genes - 340 

OAZ1/SERF2/MPP1 for mRNA and hsa-miR-6835-3p/hsa-miR-4468-3p for miRNA 341 

analyses. The use of the ideal reference genes is favorable to the accurate quantification of 342 

mRNA and miRNA expression fraction within the exosome. 343 

 344 

Methods 345 

Data collection 346 

We manually curated RNA- and miRNA-Seq exosome data from the NCBI Gene 347 

Expression Omnibus (GEO; https://www.ncbi.nlm.nih.gov/geo/) [63]. The RNA-Seq 348 

datasets included 79 serum exosome samples from patients with pancreatic 349 

adenocarcinoma (PAAD), colorectal cancer (CRC), hepatocellular carcinoma (HCC) and 350 

healthy control individuals (HC) (Suppl. Tab. 2). The miRNA-Seq datasets included 72 351 

serum exosome samples from patients with seven different cancer types (HCC, lung cancer 352 

(LCA), ovarian cancer (OVA), head and neck squamous cell carcinoma (HNSCC), 353 

neuroblastoma (NBL) and thyroid cancer (THCA)) as well as healthy control individuals 354 

(n=31) (Suppl. Tab. 2). For comparison of expression patterns between exosomes and 355 

cancer tissues or cell lines, we furthermore analyzed RNA-Seq data from 28 datasets 356 

including three cancer types (PAAD, CRC, and HCC) with overall 1,038 tissue and cancer 357 
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cell line samples (Suppl. Tab. 2). To validate the reference genes identified by mRNA- and 358 

miRNA-Seq analyses, the serum samples were collected from 10 patients diagnosed with 359 

ovarian cancer stage I and II according to TNM staging without any treatment and 10 360 

healthy volunteers were recruited in the study. 361 

Processing of raw RNA- and miRNA-Seq data 362 

Raw reads of the RNA-Seq data were trimmed by removing adaptors and low-quality 363 

bases using Trimmomatic (version 0.36) [64]. The clean reads were then mapped onto a 364 

human reference genome (GRCh38) using HASAT2 software (version 2.1.0) [65]. 365 

StringTie (version 1.3.0) [66] was applied to quantify the number of reads that were 366 

aligned to the regions of protein-coding RNAs (mRNAs) and annotations of mRNAs in the 367 

human genome were retrieved from GENCODE (v29) [67]. For the identification of 368 

reference miRNAs, sequencing data were additionally discarded of low-quality reads, 369 

adaptor dimers and sequences with lengths < 18 and > 35 nucleotides. The filtered reads 370 

were mapped to the human genome by bowtie (version 1.2.1.1) [68] and quantified by 371 

featureCounts (version 1.5.3) [69], miRNA annotations were retrieved from miRBase 372 

(v22.1) [70]. Expression levels were depicted as transcripts per million for mRNA (TPM) 373 

[71] and counts per million (CPM) for miRNA. 374 

 375 

Strategy to identify candidate reference genes and miRNAs in cancer exosomes 376 

For individual cancer subtypes, we selected genes or miRNAs as reference candidates if 377 

the respective expression level was greater than the average genome-wide expression. 378 
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Therefore, genes or miRNAs were analyzed using DESeq2 (version 1.22.1) in serum 379 

exosomes of cancer patients and of healthy control individuals [72]. DESeq2 provides 380 

algorithms for determining differential expression within digital expression datasets using 381 

a negative binomial distribution model. In the present study, genes with a p-value > 0.1 382 

were considered to be not differentially expressed.  383 

To determine the expression stability of candidate reference genes and of miRNAs 384 

across samples and cancer types, we used two measures: 1) “CV” - the variation of a 385 

candidate reference gene or miRNA across all samples - and 2) ”M” - the average 386 

expression stability value which represents the average pairwise variation between a 387 

reference gene and other reference genes across samples calculated by geNorm [54]. 388 

Lower values of “CV” or “M” indicate higher expression stability. 389 

We assumed that there were m samples and n reference genes. For a given reference 390 

gene 𝑗 in the 𝑖𝑡ℎ sample, the gene expression level 𝑎&' is the normalization expression 391 

value (TPM for mRNA, CPM for miRNA) of RNA-/miRNA-Seq data or of the 392 

transformed value of cycle threshold numbers (Ct) in qRT-PCR data (Equation 1). Based 393 

on the expression levels of the reference gene	𝑗 across m samples (Equation 2), we defined 394 

the coefficient of variation “CV” as the ratio of the standard deviation to the mean 395 

(Equation 3). 396 

(∀	𝑖 ∈ [1,𝑚], ∀	𝑗 ∈ [1, 𝑛]): 397 

𝑎&' = 26789:  (1) 398 

𝐴' = <𝑎=' , 𝑎>' , … 𝑎@'A = <𝑎&'A&B=→@  (2) 399 
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𝐶𝑉' =
FG.IJK<L:A
@JMN<L:A

  (3) 400 

The second expression stability measure - the average expression stability value “M” - 401 

was developed by Vandesompele J et al. in the tool geNorm [54]. For any two reference 402 

genes 𝑗 and 𝑘, the logarithm of the expression ratio 
𝑎&' 𝑎&QR  for the sample 𝑖	(𝑖 = 1 →403 

𝑚) forms an array 𝐴'Q (Equation 4). Based on the pairwise variation 𝑉'Q  defined by the 404 

standard deviation of 𝐴'Q (Equation 5), the average expression stability value 𝑀' for the 405 

gene 𝑗 is the arithmetic mean of all pairwise variation 𝑉'Q  (Equation 6). Usually, a gene 406 

with a 𝑀 less than 1.5 is acceptable as a reference gene. 407 

(∀	𝑗, 𝑘 ∈ [1,𝑛]	𝑎𝑛𝑑	𝑗 ≠ 𝑘): 408 

𝐴'Q = Vlog> Z
M[:
M[\
] , log> Z

M^:
M^\
] ,… log> Z

M_:
M_\

]` = Vlog> Z
M9:
M9\
]`
&B=→@

 (4) 409 

𝑉'Q = 𝑠𝑡. 𝑑𝑒𝑣<𝐴'QA  (5) 410 

𝑀' =
∑ g:\h
\i[
N6=  (6) 411 

Furthermore, multiple genes were combined as candidate references and their stability 412 

was measured as the average gene-specific variation 𝐴𝑉 according to geNorm. For any 413 

three reference genes 𝑗 , 𝑘  and 𝑙 , the average gene-specific variation 𝐴𝑉',Q,l  was 414 

calculated as the geometric mean of the three-gene stability value “𝑀" (Equation 7). 415 

(∀	𝑗, 𝑘, 𝑙 ∈ [1,𝑛]	𝑎𝑛𝑑	𝑗 ≠ 𝑘 ≠ 𝑙): 416 

𝐴𝑉',Q,l = n𝑀' ∙ 𝑀Q ∙ 𝑀l
p  (7) 417 

 418 

Isolation of the exosome fraction and sample storage 419 
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To validate the reference genes identified by mRNA- and miRNA-Seq analyses, serum 420 

exosomes were obtained from ten ovarian cancer patients and ten healthy control 421 

individuals. Therefore, blood was drawn and kept at room temperature (15–25°C) for 10 422 

min to 1 h before further processing. The tubes were centrifuged for 10 min at 1,900 x g 423 

(3,000 rpm) and 4°C using a swinging bucket rotor. The upper serum phase was transferred 424 

into a new canonical tube without disturbing the cell pellet. Subsequently, sera were 425 

centrifuged for 15 min at 3,000 x g and 4°C in conical tubes, passed through a 0.8-µm 426 

filter and the supernatants were carefully removed without disturbing the pellet and 427 

transferred into new tubes. Samples were stored at 2–8°C for immediate processing or kept 428 

frozen in aliquots at –65°C to –90°C for long-term storage [29].  429 

 430 

Quantitative reverse transcription-PCR (qRT-PCR) 431 

Total RNA (containing the mRNA and miRNA fractions) was isolated from 1 ml serum 432 

using the exoRNeasy Serum/Plasma Maxi Kit (Qiagen, Wetzlar, Germany). cDNA was 433 

generated with the PrimeScriptRT Master Mix (Perfect Real Time; Takara Bio, Kusatsu, 434 

Japan) according to the manufacturer’s protocol. Quantitative RT-PCR was performed with 435 

ChamQTM Universal SYBR qPCR Master Mix (Vazyme, Nanjing, China) in a final 436 

reaction volume of 10 µl using an Applied Biosystems QuantStudio 5 Real-Time PCR 437 

Instrument (Thermo Fisher Scientific, Rockford, USA). 18S rRNA and ce-miR-39-1 served 438 

as internal controls for mRNA and miRNA, respectively. Expression levels are depicted as 439 

cycle threshold (Ct) value of the candidate gene relative to the Ct value of the 440 

housekeeping gene. Data were analyzed with the QuantStudio TM Design & Analysis 441 
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software. The primer sequences for B2M were 5’-TGTCTTTCAGCAAGGACTGGT-3’ 442 

and 5’-TGCTTACATGTCTCGATCCCAC-3’, for OAZ1 were 443 

5’-GCCAAACGCATTAACTGGCG-3’ and 5’-TGTCCTCGCGGTTCTTGTG-3’, for 444 

ITM2B were 5’-TTGCCTCAGTCCTATCTGATTCA-3’ and 445 

5’-TCTGCGTTGCAGTTTGTAAGT-3’, for SOD2 were 446 

5’-GGAAGCCATCAAACGTGACTT-3’ and 5’-CCCGTTCCTTATTGAAACCAAGC-3’, 447 

for PCMTD1 were 5’-TGCATTTGTTGTTGGTAATTGCC-3’ and 448 

5’-GTCCAGTTCGCATAATCTGTGT-3’, for ARF1 were 449 

5’-ATGGGGAACATCTTCGCCAAC-3’ and 5’-GTGGTCACGATCTCACCCAG-3’, for 450 

MPP1 were 5’-GTCAGCTCCTAGCGAAGCC-3’  and 451 

5’-GCCGAACGACTTCCTCGTAG-3’, for WIPF1 were 452 

5’-AGCCGCTGCGCGATTTAT-3’  and 5’-TCCCAGCCTGCTCTGTCTTA-3’, for 453 

SERF2 were 5’-CCGCAAGCAGAGGGACTC-3’  and 454 

5’-AGCACTACAGGAGGAAACGC-3’, for H3F3AP4 were 455 

5’-CAGCTATCGGTGCTTTGCAG-3’  and 5’-AGCACGTTCTCCACGTATGC-3’, for 456 

18s were 5’-CTTCCACAGGAGGCCTACAC-3’  and 457 

5’-CTTCGGCCCACACCCTTAAT-3’.  458 

 459 

Statistical analysis 460 

The Wilcoxon rank-sum test was used to compare expression stability between classical 461 

housekeeping and exosomal candidate reference genes as measured by “CV” and “M”. 462 
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Candidate reference genes were sorted according to their “CV” and “M” values from low 463 

(higher expression stability across samples) to high (lower expression stability across 464 

samples) and assigned a rank, and the best candidate gene or miRNA for validation was 465 

determined as the one with the lowest sum of these two ranks. All statistical analyses were 466 

executed in R. 467 

 468 

List of abbreviations 469 

EVs: Extracellular vesicles    470 

mRNA: Messenge RNA 471 

miRNA: MicroRNA 472 

RNA: Ribonucleic acid 473 

RNA-Seq: RNA-sequencing 474 

miRNA-Seq：MicroRNA-sequencing 475 

qRT-PCR: Quantitative real-time polymerase chain reaction  476 

TPM: Transcripts per million  477 

CPM: Counts per million 478 

Ct: Cycle threshold numbers  479 

CV: Coefficient of variation   480 

PAAD: Pancreatic adenocarcinoma  481 



 23 

CRC: Colorectal cancer  482 

HCC: Hepatocellular carcinoma  483 

HC: Healthy control individuals  484 

LCA: Lung cancer  485 

OVA: Ovarian cancer   486 

HNSCC: Head and neck squamous cell carcinoma   487 

NBL: Neuroblastoma   488 

THCA: Thyroid cancer  489 

B2M: beta-2-microglobulin  490 

ARF1: ADP-ribosylation factor 1  491 

H3F3AP4: H3 histone pseudogene 6  492 

ITM2B: integral membrane protein 2B  493 

MPP1: membrane palmitoylated protein 1  494 

OAZ1: ornithine decarboxylase antizyme 1  495 

PCMTD1: protein-L-isoaspartate (D-aspartate) O-methyltransferase domain containing 1  496 

SOD2: superoxide dismutase 2  497 

SERF2: small EDRK-rich factor 2  498 

WIPF1: WAS/WASL Interacting Protein Family Member 1  499 
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ACTB: beta-actin  500 

RPL13A: ribosomal protein L13A  501 

YWHAZ: tyrosine 3-monooxygenase/tryptophane 5-monooxygenase activation protein zeta 502 

GAPDH: glyceraldehyde-3-phosphate dehydrogenase 503 

VIM: vimentin  504 

PPIA: peptidylprolyl isomerase A 505 

ALDOA: aldolase A  506 

UBC: ubiquitin C 507 

FTL: ferritin light chain, 508 

FYB1: FYN binding protein 1 509 

ARPC2: actin related protein 2/3 complex subunit 2 510 

NCOA4: nuclear receptor coactivator 4 511 

HCLS1: hematopoietic cell-specific Lyn substrate 1 512 

TYROBP: transmembrane immune signaling adaptor TYROBP 513 

RPL41: ribosomal protein L41 514 

SNCA: synuclein alpha 515 

RPS9: ribosomal protein S9 516 

BTF3: basic transcription factor 3 517 
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ADIPOR1: adiponectin receptor 1 518 

HEMGN: hemogen 519 

CD74: CD74 molecule 520 

DDX5: DEAD-box helicase 5 521 

HCLS1: hematopoietic cell-specific Lyn substrate 1 522 

LSP: lymphocyte specific protein 1 523 

RPL9: ribosomal protein L9 524 
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 759 

Figure legends 760 

Figure 1  Scatterplots of predicted candidate reference genes for serum exosomes 761 

using RNA-Seq data 762 

Expression levels of candidate reference genes in serum exosomes are depicted for pooled 763 

cancer samples (PAAD, CRC, HCC) (A), for pancreatic adenocarcinoma (PAAD) (B), 764 

colorectal cancer (CRC) (C) and hepatocellular carcinoma (HCC) (D) samples and 765 

compared to serum exosomes of healthy control individuals. Expression values are shown 766 

as the logarithm of transcripts per million (TPM) (log2(TPM+1)). Red dots represent 767 

candidate reference genes and grey dots genome-wide genes.  768 
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 769 

Figure 2  Gene expression levels and stability of candidate reference genes for 770 

exosomes predicted with RNA-Seq data 771 

Expression levels of ten candidate genes sorted by their respective expression levels (A). 772 

Expression levels of ten candidate reference genes (blue bars) compared with those of nine 773 

commonly used housekeeping genes (green bars) (B). Expression stability of candidate 774 

reference genes as measured by the coefficient of variation (“CV”) (C). Comparison of 775 

“CV” values between candidate reference genes and classical housekeeping genes 776 

(p=8.10e-04, Wilcoxon rank-sum test) (D). Expression stability of candidate reference 777 

genes as measured by the average expression stability value (“M”) (E). Comparison of “M” 778 

values between candidate reference genes and classical housekeeping genes (p=0.0279, 779 

Wilcoxon rank-sum test) (F).  780 

 781 

Figure 3  Experimental validation of candidate reference genes in exosomes of 782 

patients with ovarian cancer and healthy control individuals 783 

Expression levels (Ct values) of candidate reference genes in exosomes of ovarian cancer 784 

patients (red bars) and healthy control individuals (blue bars) relative to 18S rRNA (A). 785 

Expression stability of the candidate reference genes in serum exosomes of ovarian cancer 786 

patients (B) and healthy control individuals (C) as measured by the “CV” indicator. 787 

Expression stability of the candidate reference genes in serum exosomes of ovarian cancer 788 

patients (D) and healthy control individuals (E) as measured by the “M” indicator.  789 
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 790 

Figure 4  Identification and validation of candidate reference miRNAs predicted in 791 

exosomes of ovarian cancer patients 792 

Scatterplot of candidate reference miRNA expression levels in pooled cancer samples 793 

(HCC, HNSCC, LCA, NBL, OVA, and THCA) and healthy control individuals. Expression 794 

values are shown as the logarithm of counts per million (CPM) (log2(CPM+1)). The red 795 

dots represent candidate reference miRNAs, grey dots genome-wide miRNAs (A). 796 

Expression levels of six candidate reference miRNAs in exosomes of pooled cancer (B), 797 

ovarian cancer patients (relative to ce-miR-39-1, n=10) (C) and healthy control individuals 798 

(relative to ce-miR-39-1, n=10) (D). Expression stability of candidate reference miRNAs 799 

in exosomes of pooled cancer (E), ovarian cancer patients (F) and healthy control 800 

individuals (G) as measured by the “CV”. Expression stability of six candidate reference 801 

miRNAs in exosomes of pooled cancer (H), ovarian cancer patients (I) and healthy control 802 

individuals (J) as measured by the “M” indicator.  803 

 804 

Tables 805 

Table 1  Candidate reference genes (n=10) ranked in order of their expression level 806 

and expression stability 807 

 808 

Table 2  Candidate reference miRNAs (n=6) ranked in order of their expression level 809 
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and expression stability 810 

 811 

Additional files 812 

Figure S1  Gene expression level and stability of candidate reference genes in PAAD, 813 

HCC and CRC exosomes predicted using RNA-Seq data A, Expression levels of ten 814 

candidate genes in PAAD (A), HCC (B) and CRC (C) exosomes sorted by their expression. 815 

Expression stability of ten candidate reference genes in exosomes of patients with PAAD 816 

(D), HCC (E) and CRC (F) measured by the “CV”. Expression stability of ten candidate 817 

reference genes in exosomes of PAAD (D), HCC (E) and CRC (F) patients as measured by 818 

the “M” indicator. Expression levels are given as the log2(TPM+1) (TPM – transcripts per 819 

million). The TPMs of each candidate gene were used to determine “CV” and “M” 820 

indicators.  821 

 822 

Figure S2  Evaluation of expression stability of combinations of three reference genes 823 

in pooled exosomes of cancer patients with PAAD, CRC and HCC (A, RNA-Seq data) 824 

and with ovarian cancer (B, qRT-PCR data) The expression stability of respective 825 

combinations was measured as the average gene-specific variation calculated with the 826 

geNorm algorithm based on transcripts per million (TPM) (A) or cycle threshold (Ct) 827 

values (B). Three combinations according to their expression stability ranking from Table 1 828 

were evaluated: 1) genes 1-3 (OAZ1, SERF2, MPP1); 2) genes 4-6 (H3F3AP4, WIPF1, 829 

PCMTD1); and 3) genes 8-10 (SOD2, B2M, ITM2B). 830 
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 831 

Figure S3  Scatterplots of expression levels of six candidate reference miRNAs (red 832 

dots) in serum exosomes of patients with HCC (A), HNSCC (B), LCA (C), NBL (D), 833 

OVA (E) and THCA (F) compared to exosomes of healthy control individuals The 834 

expression values are depicted as:  log2(CPM+1) (CPM – counts per million). Grey dots 835 

indicate genome-wide miRNAs. 836 

 837 

Figure S4  Evaluation of expression stability of combinations of two reference 838 

miRNA candidates in pooled exosomes of cancer patients with different tumor types 839 

(A, miRNA-Seq data) or with ovarian cancer (B, qPCR data) The expression stability 840 

of miRNA combinations was measured as the average miRNA-specific variation, which 841 

was calculated by the geNorm algorithm based on counts per million (CPM) (A) or cycle 842 

threshold (Ct) values (B). Three combinations were considered according to the miRNA 843 

expression stability ranks shown in Table 2: miRNAs 1-2 (miR-4468 and miR-6835-3p), 844 

miRNAs 3-4 (miR-192-3p and miR-125a-5p), and miRNAs 5-6 (miR-4469 and 845 

miR-6731-5p). 846 

 847 

Figure S5  Validation of candidate reference genes and miRNAs predicted in 848 

exosomes of ovarian cancer patients and healthy controls by NormFinder Expression 849 

stability of candidate reference genes as measured by the NormFinder stability value in 850 

exosomes of ovarian cancer patients (A) and healthy control individuals (B). Expression 851 
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stability of six candidate reference miRNAs in exosomes of ovarian cancer patients (C) 852 

and healthy control individuals (D) as measured by the NormFinder stability value. 853 

 854 

Figure S6  Analysis of candidate reference genes predicted in cancer tissues 855 

Expression levels of the ten top candidates in pooled cancer tissue samples calculated 856 

using RNA-Seq data. Expression levels are given as log2(TPM+1; TPM = transcript per 857 

million) (A). The top ten predicted candidate reference genes for exosomes were compared 858 

with the respective ranking in cancer tissues and vice versa (B). Expression stability of the 859 

ten top candidate reference genes in tumor tissues as measured by “CV” (C) and “M” 860 

indicators (D).  861 

 862 

Table S1  List of candidate reference genes (n=10) and miRNAs (n=6) identified by 863 

RNA-Seq and quantitative real-time PCR analyses 864 

 865 

Table S2  Detailed information for the RNA-Seq datasets in the GEO database 866 

 867 



Figures

Figure 1

Scatterplots of predicted candidate reference genes for serum exosomes using RNA-Seq data Expression
levels of candidate reference genes in serum exosomes are depicted for pooled cancer samples (PAAD,
CRC, HCC) (A), for pancreatic adenocarcinoma (PAAD) (B), colorectal cancer (CRC) (C) and hepatocellular
carcinoma (HCC) (D) samples and compared to serum exosomes of healthy control individuals.
Expression values are shown as the logarithm of transcripts per million (TPM) (log2(TPM+1)). Red dots
represent candidate reference genes and grey dots genome-wide genes.



Figure 2

Gene expression levels and stability of candidate reference genes for exosomes predicted with RNA-Seq
data Expression levels of ten candidate genes sorted by their respective expression levels (A). Expression
levels of ten candidate reference genes (blue bars) compared with those of nine commonly used
housekeeping genes (green bars) (B). Expression stability of candidate reference genes as measured by
the coe�cient of variation (“CV”) (C). Comparison of “CV” values between candidate reference genes and



classical housekeeping genes (p=8.10e-04, Wilcoxon rank-sum test) (D). Expression stability of candidate
reference genes as measured by the average expression stability value (“M”) (E). Comparison of “M”
values between candidate reference genes and classical housekeeping genes (p=0.0279, Wilcoxon rank-
sum test) (F).

Figure 3



Experimental validation of candidate reference genes in exosomes of patients with ovarian cancer and
healthy control individuals Expression levels (Ct values) of candidate reference genes in exosomes of
ovarian cancer patients (red bars) and healthy control individuals (blue bars) relative to 18S rRNA (A).
Expression stability of the candidate reference genes in serum exosomes of ovarian cancer patients (B)
and healthy control individuals (C) as measured by the “CV” indicator. Expression stability of the
candidate reference genes in serum exosomes of ovarian cancer patients (D) and healthy control
individuals (E) as measured by the “M” indicator.



Figure 4

Identi�cation and validation of candidate reference miRNAs predicted in exosomes of ovarian cancer
patients Scatterplot of candidate reference miRNA expression levels in pooled cancer samples (HCC,
HNSCC, LCA, NBL, OVA, and THCA) and healthy control individuals. Expression values are shown as the
logarithm of counts per million (CPM) (log2(CPM+1)). The red dots represent candidate reference
miRNAs, grey dots genome-wide miRNAs (A). Expression levels of six candidate reference miRNAs in
exosomes of pooled cancer (B), ovarian cancer patients (relative to ce-miR-39-1, n=10) (C) and healthy
control individuals (relative to ce-miR-39-1, n=10) (D). Expression stability of candidate reference miRNAs
in exosomes of pooled cancer (E), ovarian cancer patients (F) and healthy control individuals (G) as
measured by the “CV”. Expression stability of six candidate reference miRNAs in exosomes of pooled
cancer (H), ovarian cancer patients (I) and healthy control individuals (J) as measured by the “M”
indicator.
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