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Sex dimorphism in miRNA expression is more pronounced in first compared to third trimester
placenta, and there are twice as many female-specific gestational differences, indicating miRNA

abundance across human gestation is also sexually dimorphic.

Keywords: microRNA, placenta, sex differences, chorionic villous sampling, pregnancy,
miRNome, human transcriptome, sexually dimorphic normative miRNA atlas, developmental

epigenetics, stable miRNAs

Abstract:

Maternal and fetal pregnancy outcomes related to placental function vary based on fetal sex,
which may be the result of sexually dimorphic epigenetic regulation of RNA expression. We
identified sexually dimorphic miRNA expression throughout gestation in human placentae.
Next-generation sequencing was used to identify miRNA expression profiles in first and third
trimester uncomplicated pregnancies using tissue obtained at chorionic villous sampling (n=113)
and parturition (n=47). Sequencing and differential expression (DE) analysis identified 432
mature miRNAs expressed in the first trimester female, 425 in the first trimester male, 400 in the
third trimester female, and 508 in the third trimester male placenta (baseMean >10). Of these, 11
sexually dimorphic (FDR<0.05, baseMean >10) miRNAs were identified in the first and 4
miRNAs were identified in the third trimester, including miR-361-5p, significant in both
trimesters, all upregulated in females. Across gestation, 207 miRNAs were DE across gestation,
common to both females and males, miR-4483, the most DE across gestation. There were twice
as many female-specific differences across gestation as male-specific (44 miRNAs vs 21

MiRNAS), indicating that miRNA abundance across human gestation is sexually dimorphic.
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Pathway enrichment analysis identified significant pathways that were differentially regulated in
first and third trimester as well as across gestation. This work provides the normative sex
dimorphic miRNA atlas in first and third trimester, as well as the sex independent and sex
specific placenta miRNA atlas across gestation which may be used to identify biomarkers of

placental function and direct functional studies investigating placental sex differences.

Introduction

The effects of fetal sex on neonatal and pregnancy outcomes under varied conditions have been
examined for decades [1-4]. Fetal growth is influenced by fetal sex, with males heavier at birth
[4, 5]. Sexually dimorphic fetal outcomes more common in males than females include
macrosomia, shoulder dystocia, cord dysfunctions, and low Apgar scores [4, 5]. Maternal
outcomes more common with male fetuses include gestational diabetes, placental abruption,
dysfunctional labor, prematurity, and assisted or cesarean deliveries [1, 4]. Some studies have
shown an increased risk of preeclampsia and hyperemesis gravidarum with male fetuses [1, 6],
although this has not been found consistently [7, 8]. The pathophysiologic mechanism driving
sexually dimorphic outcomes remain poorly understood. As the primary route of communication
between the fetomaternal unit, the placenta may drive many of these outcomes. The placental
cellular structure, and thus genome derives from the fetus [9]. Therefore sex-specific outcomes
may derive from sexually dimorphic gene expression in the placenta, which has been identified

in the placenta [10, 11].

Epigenetic modifications, including post-transcriptional regulation, control overall gene

expression, and phenotype. MicroRNAs (miRNASs) are small, single-stranded, noncoding RNA


https://doi.org/10.1101/2021.05.13.444056
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.05.13.444056; this version posted May 13, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

107  molecules, on average 22 nucleotides in length [12]. Of known miRNAs, approximately half
108  originate from within introns of the protein coding genes they regulate, and can be co-transcribed
109  [12]. miRNAs generally cause target messenger RNA to be degraded, or prevent translation to
110  protein [13]; small changes in miRNA expression can result in multi-fold changes in gene
111 expression[14]. In the placenta, miRNAs are important as early as trophectoderm development
112 and implantation, some through export in exosomes [15-18], but these miRNA signatures change
113  inthe placenta throughout gestation during normal development [19-21]. In addition, there are two
114  large miRNA clusters enriched in placenta, the chromosome 14 miRNA cluster (C14MC) and the
115  chromosome 19 miRNA cluster (C19MC)[22, 23]. C14MC is a large, imprinted, maternally-
116  expressed miRNA cluster, with several members predominantly expressed in placenta and
117  epithelial tissues[24]. C19MC is a large, imprinted, paternally-expressed miRNA cluster whose
118  members have highest expression in placenta and cancer, with relatively weak expression in other
119  tissue[23-28]. In addition, two small clusters on chromosome 13 were recently identified to be
120  uniquely present in the first trimester placenta [19, 29]. miRNAs have been identified in several
121 pregnancy-related diseases, including pre-eclampsia [30-35], fetal growth [35-38], and gestational
122  diabetes [39, 40], all sexually dimorphic pregnancy complications. However, sex differences and

123 sex specific miRNA signatures in normal healthy gestations have not been defined.

124  Therefore, to identify potential biomarkers of placental function, it is imperative to first

125  determine if sex differences in miRNA signatures exist in the first and third trimester placenta of
126 normal healthy gestations. Furthermore, it is critical to identify miRNA signatures that are sex
127  independent and sex specific to develop normative miRNA signatures. Therefore, we performed
128  next-generation sequencing (NGS) and expression analysis to identify and compare sexually

129  dimorphic miRNA expression in first and third trimester placentae of healthy pregnancies
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130  resulting in delivery. Furthermore, we identified miRNA signatures of common and sexually
131 dimorphic miRNA expression across gestation for future development of biomarkers of placental

132 disease early in gestation that are sex independent and also sex specific.

133

134  Materials & Methods

135  Study Population

136  The study population consisted of 157 singleton pregnancies between 2009 and 2018, including
137 113 with leftover chorionic villus sampling (CVS) tissue (58 female and 55 male), 47 with third
138  trimester placenta collected at delivery (19 female and 28 male), and 3 patients with matched first
139  and third trimester samples. All subjects were enrolled with informed written consent under IRB
140  approved protocols (Pro00006806, Pro00008600). The cohorts of male and female fetuses were
141 matched for parental age, maternal medical conditions, and fetal race and ethnicity at the time of
142 enrollment, to minimize confounding factors that could impact outcomes. All pregnancies had a

143 normal karyotype and resulted in the delivery of a viable infant.

144  Collection of placental samples

145  Samples from the first trimester of pregnancy were collected at 10.0-14.5 weeks gestation during
146  CVS procedures done for prenatal diagnosis. Samples used for research consisted of tissue which
147 is normally discarded once enough tissue is obtained for prenatal diagnosis. Fetal-derived
148  chorionic villi were cleaned and separated from any maternally-derived decidua. Samples from the
149  third trimester of pregnancy were collected between 36.3-41.4 weeks gestation, after delivery of a

150  viable neonate. Samples used for research consisted of tissue which would have otherwise been
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151  discarded. One centimeter cubed placental tissue samples were obtained immediately after
152  delivery from the fetal side of the placenta near the site of cord insertion beneath the amnion, then
153  separated into smaller pieces. Tissue samples were kept on ice and submerged in RNAlater RNA
154  stabilization reagent (QIAGEN, Hilden, Germany) within 30 minutes of collection, and stored in

155  -80°C.

156 Analysis of demographic data

157  For demographic analyses, 3 patients with matched first and third trimester samples were omitted,
158  resulting in N=110 (57 female and 53 male) first trimester and N=44 (18 female and 26 male) third
159  trimester samples for this analysis. Demographic data were collected including parental ages,
160  races, and ethnicities, maternal pre-pregnancy body mass index, fetal sex, maternal medical history
161  and medication use, pregnancy complications, mode of delivery, gestational age at delivery, and
162  birth weight. Means and standard deviations were reported for continuous variables. T-test was
163  used for normally distributed continuous variables, and the Wilcoxon rank-sum test for non-
164  parametric data. Fisher’s exact test was also used as appropriate. Chi-square test was used for

165  comparison of categorical variables.

166  RNA extraction from chorionic villi

167 RNA extraction was performed from the first trimester placental samples utilizing a method
168  optimized for extracting DNA and total RNA including small RNAs [10]. Briefly, tissue samples
169  were thawed on ice with 600 pl of RLT Plus lysis buffer (QIAGEN) and 1% p-mercaptoethanol
170  added to each sample, then homogenized by passing the tissue through progressively thinner
171 needles (22G, 25G, and 27G) attached to an RNase-free syringe. Homogenates were loaded onto

172 AllPrep spin columns and the remainder of sample processing was performed following
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173 manufacturer instructions using the AllPrep DNA/RNA/mMiRNA Universal Kit (QIAGEN). RNA
174  was eluted with 30-45 pl of RNase-free water at room temperature and the elution was passed
175  through the column twice to improve yields, as previously described [10, 41]. Equal numbers of
176 male and female samples were processed each time to reduce batch effects. The average RNA

177  integrity number (RIN) for sequenced samples was 8.87.

178  RNA extraction from third trimester placenta

179  RNA extraction was performed from the third trimester placenta samples utilizing a method

180  similar to that used for the RNA extraction from chorionic villi. However, to homogenize third
181  trimester placental tissue, the tissue was sonicated in ice-cold RLT + 1% beta-mercaptoethanol
182  buffer, using 5 second pulses on a low setting (#2) until tissue fragments were small enough to
183  complete homogenization with RNase-free needles. The average RIN for sequenced samples was

184  8.84.

185  Library preparation and miRNA sequencing

186 A miRNA sequencing library was prepared using the QIASeq miRNA Library Kit (QIAGEN,
187  Hilden, Germany) from total RNA. A pre-adenylated DNA adapter was ligated to the 3’ ends of
188  miRNAs, followed by ligation of an RNA adapter to the 5’ end. A reverse-transcription primer
189  containing an integrated Unique Molecular Index (UMI) was used to convert the 3°/5° ligated
190 miRNAs into cDNA. After cDNA cleanup, indexed sequencing libraries were generated via
191  sample indexing during library amplification, followed by library cleanup. Libraries were
192  sequenced on a NextSeq 500 (Illumina, San Diego, CA) with a 1x75 bp read length and an average

193  sequencing depth of 10.64 million reads per sample.
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194  Differential expression analysis of miRNAs

195  The demultiplexed raw reads were uploaded to GeneGlobe Data Analysis Center (QIAGEN) at
196  https://www.giagen.com/us/resources/geneglobe/ for quality control, alignment and expression
197  quantification. Briefly, 3’ adapter and low quality bases were trimmed off from reads first using
198  cutadapt v1.13 [42] with default settings, then reads with less than 16 bp insert sequences or with
199 less than 10 bp UMI sequences were discarded. The remaining reads were collapsed to UMI
200 counts and aligned sequentially to miRBase v21 mature, hairpin and piRNA (piRNABank)

201  databases using Bowtie v1.2 [43, 44]. The UMI counts of each miRNA category were quantified,
202 and then normalized by a size factor-based method in the R package DESeq?2 version 1.22.2
203  (Bioconductor) [45]. Data were averaged across all samples in each group for each respective
204  miRNA (male and female) and were reported as baseMean. Eight miRNAs with no tissue

205  expression were excluded from analysis (baseMean=0, miR-4776-3p and seven piRNAS). Next,
206  the R package FactoMineR release 1.41 was used to conduct principal components analysis

207  (PCA), which was used to investigate clustering and potential outliers. Each miRNA was fitted
208 into a negative binomial generalized linear model, and the Wald test was applied to assess the
209  differential expressions between two sample groups. Benjamini and Hochberg procedure was
210 applied to adjust for multiple hypothesis testing, and significantly differentially expressed

211 miRNA candidates were selected as those with a false discovery rate (FDR) less than 0.05. The
212 chromosomal location of differentially expressed miRNAs was ascertained using miRBase v21
213  and biomaRt v2.45.8 R package with Ensembl release 91 [46, 47], and plotted against the

214 number of mMiRNAs localized to the respective chromosome. For miRNAs derived from more
215  than one chromosome, each miRNA precursor was counted separately in order to capture all

216  chromosome sources (e.g. in barplots, miR-514a-3p is encoded by three precursors on
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chromosome X, and thus was counted three times). To avoid variable copy humber regions,
precursor duplications on the same chromosome were not included. For scatter plots, each
miRNA was plotted only once per chromosome. The R package gplots v3.0.1.1 was used to
generate a heatmap showing normalized expression for the 29 differentially expressed miRNAs
(FDR<0.05). Finally, the R package ggplot2 v3.1.1 was used to generate a factor analysis (FA)
plot, plotting log transformed mean expression against fold change, and a volcano plot, plotting

log transformed fold change against FDR.

Predictive analysis of RNA targets for miRNAs with highest expression

Ingenuity Pathways Analysis (IPA) software’s microRNA Target Filter application (QIAGEN,

Redwood City, CA, USA, http://www.giagenbioinformatics.com/IPA) was used to generate a list

of predicted target mMRNASs based on sequence and experimental confirmation. Highly expressed
miRNAs were included as inputs if they had baseMean>2000, and each sex and trimester was
analyzed individually. RNA targets were only included if biochemically confirmed using human
tissue or non-species specific methods (sourced from QIAGEN’s curated Ingenuity Knowledge
Base[48], or the publicly available miRecords[49] or TarBase[50]), based on the TargetScan
algorithm previously described[51]. After the list of target mRNAs was finalized, IPA’s Core
Analysis function was used to test the hypothesis that the listed genes were part of canonical

biological pathways, as previously described [10, 52, 53].

Predictive analysis of RNA targets for sex different miRNAs

The procedure described above was applied for between-sex differentially expressed miRNAs

(FDR<0.05, baseMean>10 in each sex), within-sex differentially expressed miRNAs (FDR<0.05,
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baseMean>10 in each trimester), and within-sex cluster-specific differentially expressed miRNAs

(FDR<0.05, baseMean>10 in each trimester), with each sex and trimester analyzed separately.

Heatmaps

Heatmaps with dendrograms of miRNAs versus samples were generated with matrices of
log2(baseMean) data scaled and centered by rows. The plots were then generated with hierarchical
clustering using the R package gplots v3.1.1. Heatmaps of gene enrichment data were generated
using the R package pheatmap v1.0.12 with matrices of -logio(P) output from IPA Core
Enrichment Analysis. For comparisons of -logio(P) values across rows in gene enrichment
heatmaps, a difference of 4 or greater was considered the threshold at which visually distinct results

were achieved.

Results

Cohort demographics and birth outcomes

Female and male singleton pregnancies in the first (N=113, 58 female and 55 male) and third
trimester (N=47, 19 female and 28 male fetuses) were matched for maternal age, race, ethnicity,
and pre-existing medical conditions. Principal component analysis (PCA) of placenta miRNA
expression shows no distinct segregation by sex, although PCA by trimester shows a distinct
segregation by first and third trimester placenta divided by principal component 1 (Supplemental
File 1). Parental and fetal race and ethnicity were not significantly different between sexes in
either first or third trimester (Table 1A). Maternal pre-pregnancy BMI was not significantly

different between the sexes in either trimester. All pregnancies resulted in live births and there
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were no significantly different pregnancy complications between the sexes in either trimester
cohort. Males were larger than females at birth in both sequencing cohorts, though only

significant in the first trimester cohort.

When comparing sexes across gestation, there were no significant differences in parental ages
but there were significant differences in parental and fetal race and ethnicity (Table 1B). Pre-
pregnancy BMI was greater in mothers of males in the third trimester cohort compared to the
first trimester cohort. Maternal pre-existing medical conditions were not significantly different
among the groups but there were 3 mothers who developed hypertension in the third trimester
female cohort (some of which required magnesium) and 5 mothers in the third trimester male

cohort, compared to none in the first trimester cohorts, which was significantly different.

MiRNAs expressed by male and female placentae throughout gestation

In first trimester, female placenta expressed 432 mature miRNAs derived from 484 precursors
(baseMean >10), and male placenta expressed 425 mature miRNAs derived from 467 precursors
(baseMean>10), from all 22 autosomes and the X chromosome (Figure 1Ai). No annotated
miRNAs from the Y chromosome were identified in miRBase release 21. The majority of
expressed miRNASs in both sexes originate with similar distribution from chromosome 19
(Female, 123/484 [25.41%]; Male, 123/467 [26.34%]), chromosome 14 (Female, 103/484
[21.28%]; Male, 104/467 [21.28%]), the X chromosome (Female, 93/484 [19.21%]; Male,
91/467 [19.49%]), and chromosome 1 (Female, 67/484 [13.84%]; Male, 64/467 [13.70%)]).
Among the most highly expressed miRNAs (baseMean >2000), 80 miRNAs were expressed in
females and 78 in males, predominantly from chromosome 19 (Female, 61/80 [76.25%]; Male,

61/78 [78.21%]; Figure 1Aii).


https://doi.org/10.1101/2021.05.13.444056
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.05.13.444056; this version posted May 13, 2021. The copyright holder for this preprint (which

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Third trimester expression was similar with 400 mature miRNAs expressed in the third trimester
female placenta derived from 441 precursors (baseMean >10), and 508 mature miRNAs
expressed in the third trimester male placenta derived from 570 precursors (baseMean >10,
Figure 1Bi) from all 22 autosomes and the X chromosome but not Y. Among the expressed
miRNAs, the majority originate with similar sex distribution from chromosome 19 (Female,
123/441 [27.89%]; Male, 125/570 [21.93%]), chromosome 14 (Female, 102/441 [23.13%];
Male, 104/570 [18.25%]), the X chromosome (Female, 98/441 [22.22%]; Male, 97/570
[17.02%]), and chromosome 1 (Female, 73/441 [16.55%]; Male, 74/570 [12.98%]). Among the
most highly expressed miRNAs (baseMean >2000), 71 miRNAs were expressed in females and
103 in males, also predominantly from chromosome 19 (Female, 61/71 [85.92%]; Male, 61/103

[59.22%]; Figure 1Bii).

Pathway enrichment analysis was performed using experimentally confirmed targets of the most
highly expressed miRNAs. Of the overall most significantly enriched pathways, these were more
significant in males compared to females: “Hepatic Fibrosis Signaling” in first and third
trimester, “Senescence Pathway” in first trimester placenta, and “Molecular Mechanisms of
Cancer” only in third trimester. Of the top 30 significant pathways, the following pathways were
more significant in females in the first trimester but became more significant in males in the third
trimester: “Regulation of the Epithelial Mesenchymal Transition by Growth Factors”,
“Pancreatic Adenocarcinoma Signaling”, “HOTAIR Regulatory Pathway”, and “Regulation of
the Epithelial-Mesenchymal Transition” pathway. The following pathways related to immune
processes had greater significance in males than females throughout gestation: “Role of
Macrophages, Fibroblasts, and Endothelial Cells in Rheumatoid Arthritis”, “Glucocorticoid

2% ¢ 2% ¢

Receptor Signaling”, “Glioma Signaling”, “Systemic Lupus Erythematosus in B Cell Signaling
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Pathway”, “Role of Osteoblasts, Osteoclasts, and Chondrocytes in Rheumatoid Arthritis”, “IL-6

Signaling”, and “Neuroinflammation Signaling Pathway” (Figure 1C, Supplemental File 2).

Differentially expressed miRNAs between male and female placentae

Heatmaps of all expressed miRNAs in the first trimester (Supplemental file 3A) did not
demonstrate any clustering of subjects or miRNAs based on sex. Although there were 93
differentially expressed miRNAs, with 57 upregulated in females and 36 upregulated in males
(p<0.05, baseMean>10), only 11 miRNAs were differentially expressed following adjustment for
multiple comparisons (FDR<0.05, baseMean>10), all upregulated in females (Fig 2Ai). Of the
11 differentially expressed miRNAs (FDR<0.05), the majority had high baseMeans, except miR-
429 (female 136.3; male 82.5 baseMeans) and miR-95-3p (female 166.71; male 77.20
baseMeans). The most differentially expressed miRNA was miR-200a-3p with a fold change of
3.49 and baseMeans of 927.5 in females and 525.5 in males. Four of eleven miRNAs were
expressed on chromosome X (36.4%), two on chromosome 1 (18.2%), and one each on five

other autosomes (9.1% each) (Fig 2Bi).

In the third trimester, heatmaps of all expressed miRNAs also demonstrated no clustering of
subjects or miRNAs based on sex (Supplemental File 3B). Although there were 114
differentially expressed miRNAs, with 64 upregulated in females and 50 upregulated in males
(p<0.05, baseMean>10), only 4 miRNAs were differentially expressed following adjustment for
multiple comparisons (FDR<0.05, baseMean>10), all upregulated in females (Fig 2Aii). Of the 4
differentially expressed miRNAs (FDR<0.05), the most differentially expressed miRNA was
miR-204-5p with 2.98-fold higher expression in females (682.2 female; 229.1 male baseMean).

The differentially expressed miRNAs in the third trimester originated from chromosome X (2
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mMiRNAS), 9 (1 miRNA) and 21 (1 miRNA, Fig 2Bii). The miRNA, miR-361-5p was

differentially expressed and upregulated in females in both trimesters.

Pathway enrichment analysis was performed using experimentally confirmed targets of the 11
and 4 sexually dimorphic miRNAs in the first and third trimester, respectively. Among the top
10 significant pathways, these were more significantly regulated by sexually dimorphic miRNAs
in the first trimester compared to the sexually dimorphic miRNAs in the third trimester:

“Hepatic Fibrosis Signaling Pathway”, “Regulation of the Epithelial Mesenchymal Transition by
Growth Factors Pathway”, “Colorectal Cancer Metastasis Signaling”, “Glioblastoma Multiforme
Signaling”, “Chronic Myeloid Leukemia Signaling”, and “Hepatic Fibrosis / Hepatic Stellate
Cell Activation”. The following pathways were regulated by sexually dimorphic miRNAs, with
similar significance in first and third trimester: “Molecular Mechanisms of Cancer” and “Role of
Macrophages, Fibroblasts, and Endothelial Cells in Rheumatoid Arthritis”. The “GP6 Signaling

Pathway” was regulated by sexually dimorphic miRNAs in the first trimester only (Figure 2C,

Supplemental File 2).

Sex-specific differential miRNAs expression across gestation

In order to identify sex specific differences throughout gestation, differential expression analysis
of first vs third trimester placenta was performed separately with the female placentae and male
placentae. There was significant sample separation by trimester in both sexes (Supplemental File
3C-D). In female placentae, 554 mature miRNAs were significantly differentially expressed
between first and third trimester placentae (FDR<0.05), with 301 miRNAs upregulated in the
first trimester and 253 miRNAs upregulated in the third trimester placentae (Figure 3Ai-ii). Of

the 554 miRNAs derived from 609 precursors in female placenta throughout gestation, the
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348  majority originate from chromosomes 19 (first trimester, 34/323 [10.53%]; third trimester,

349  31/286 [10.84%]), 14, (first trimester, 26/323 [8.05%]; third trimester, 36/286 [12.59%]), and X
350  (first trimester, 33/323 [10.22%]; third trimester, 30/286 [10.49%]) (Figure 3Aii). Of the

351 differentially expressed miRNAs in females across gestation, those with the greatest fold

352 changes (fold change>8) had lower to moderate expression (baseMean 1.18-1261.45) and were
353  primarily elevated in the first trimester, whereas those with the highest expression

354  (baseMean>10,000) had lower fold changes (fold change 0.24-2.15) and were predominantly
355 elevated in the third trimester. The most differentially expressed miRNA was miR-4483, with
356  42.5-fold higher expression in first trimester placenta (FDR=4.32E-166) and a base mean

357  decrease from 1030.93 to 24.24 in first to third trimester placentae (Figure 3Aiii). In the male
358  cohort, 585 mature miRNAs were significantly differentially expressed between first and third
359 trimester placentae (FDR<0.05), with 309 miRNAs upregulated in the first trimester and 276

360 mIRNAs upregulated in the third trimester placentae (Figure 3Bi-ii).

361  Chromosomal distribution was similar for males across gestation with 585 miRNAs derived from
362 651 precursors. The majority of male miRNAs originate from chromosomes 19 (first trimester,
363 33/332[9.94%]; third trimester, 39/319 [12.23%]), 14 (first trimester, 46/332 [13.86%]; third
364  trimester, 22/319 [6.89%]), and X (first trimester, 31/332 [9.34%]; third trimester, 34/319

365 [10.66%]) (Figure 3Bii). Of the differentially expressed miRNAs in males across gestation, those
366  with the greatest fold changes (fold change>8) had lower to moderate expression (baseMean

367 4.22-835.59) and were primarily elevated in the first trimester, whereas those with the highest
368  expression (baseMean>10,000) had lower fold changes (fold change 0.25-2.25) and were

369 predominantly elevated in the third trimester. The most differentially expressed miRNA was also


https://doi.org/10.1101/2021.05.13.444056
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.05.13.444056; this version posted May 13, 2021. The copyright holder for this preprint (which

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

miR-4483, with 35.5-fold higher expression in first trimester placenta (FDR=1.22E-182) and a

baseMean decrease from 936.26 to 26.33 in first to third trimester placentae (Figure 3Biii).

Common and sex-specific miRNAs differentially expressed across gestation

There were 207 miRNAs differentially expressed (DE) between first and third trimester common
to both female and male cohorts. Of these common DE miRNAs, 111 were upregulated in first
and 96 were upregulated in third trimester. Common DE miRNAs with strong gestational
differences in both sexes (fold change>8 in both) include miR-4483, miR-600, miR-7705, miR-
5692b, miR-922, miR-187-3p, miR-383-3p, and miR-9-3p upregulated in first trimester, and
miR-137 and miR-139-5p upregulated in third trimester. The common DE miRNA most
upregulated in first trimester placenta (compared to third trimester) was miR-4483 with a 42.52-
fold difference in female placenta and a 35.48-fold difference in male placenta (Fig. 4Ai). The
common DE miRNA most upregulated in third trimester placenta (compared to first trimester)
was miR-137 with a 26.49-fold difference in female placenta and a 31.52-fold difference in male

placenta (Fig 4Aii).

There was also sex specific differential expression (DE) of miRNAs in each first versus third
trimester analysis, suggesting sexually dimorphic miRNA regulation across gestation. The
female cohort had more DE miRNAs across gestation that were not present in the male analysis
(Fig 4A, Supplemental File 4). There were 44 miRNAs differentially expressed across gestation
only in females (FDR<0.05, FC>2, baseMean>10), whereas 21 specifically differentially
expressed only in males (FDR<0.05, FC>2, baseMean>10). Of the sex-specific DE miRNAs,
female specific DE miRNAs had greater fold changes than male specific DE miRNAs (Fig 4A).

Of the female specific DE miRNAs, 23 were upregulated in the first trimester (Fig 4Ai) and 21
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were upregulated in the third trimester (Fig. 4Aii). Of female specific DE miRNAs, miR-2681-
3p was the most differentially expressed with 3.81-fold higher expression in first trimester
placenta (FDR=0.0248) and a baseMean decrease of 20.53 to 2.96 from first to third trimester
placentae. Of male specific DE miRNAs, 12 were upregulated in the first trimester (Fig 4Ai) and
9 were upregulated in the third trimester (Fig. 4Aii). Of male specific DE miRNAs, miR-144-3p
was the most differentially expressed with 4.16-fold higher expression in third trimester placenta
(FDR=3.75E-16) and a baseMean increase of 1142.11 to 4752.80 from first to third trimester

placentae.

Pathway enrichment analysis on experimentally confirmed targets of the sex-specific DE
miRNAs across gestation identified “Molecular Mechanisms of Cancer” to be most significant in
the third trimester for both sexes, with greater significance in males. The “Senescence Pathway”
was also more significant in the third trimester for both sexes. Top pathways more significant in
first versus third in female placentae include “Pancreatic Adenocarcinoma Signaling”, “Hepatic
Fibrosis Signaling”, and “Regulation of the Epithelial Mesenchymal Transition by Growth
Factors”, whereas these pathways were more significant in third versus first trimester in males

(Figure 4B, Supplemental File 2).

Sex differences in the placenta-specific C14MC and C19MC Clusters

Among the DE miRNAs across gestation, in the C14MC cluster, miR-1197 was the most
differentially expressed in both sexes and upregulated in the first trimester. In the C19MC
cluster, miR-520c-3p was the most differentially expressed in both sexes and upregulated in the
third trimester (Figure 5Ai-ii). Of the C14MC and C19MC, there were 2 that were differentially

expressed across gestation in females but not males (miR-654-5p up in first (C14MC) and miR-
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541-3p up in third trimester (C14MC)). Three miRNAs were differentially expressed across
gestation in males but not females (miR-376a-3p, miR-376a-5p, and miR-476b-3p, all
upregulated in third trimester (C14MC)) (Supplementary File 4). Among the DE miRNAs across
gestation, the female cohort had 104 DE miRNAs on C14MC (37 upregulated in the first
trimester and 55 in the third trimester) and 113 DE miRNAs on C19MC (73 upregulated in the
first trimester and 36 in the third trimester, FDR<0.05, baseMean>10, Ref barplot). In the male
cohort, there were 102 DE miRNAs on C14MC (62 upregulated in the first trimester and 30
upregulated in third trimester) and 113 DE miRNAs on C19MC (55 upregulated in the first
trimester and 54 in third trimester, FDR<0.05, baseMean>10, Figure 5Bi-ii). In females, more
DE miRNAs were upregulated in the third trimester from C14MC compared to the first
trimester, whereas there were more differentially expressed miRNAs that were upregulated from
C19MC in the first trimester, suggesting these clusters play different roles throughout gestation
in females, with C14MC having a greater regulatory role in the third trimester and C19MC a
greater regulatory role in the first trimester. In contrast, there were more differentially expressed
miRNAs that were upregulated from C14MC in the first trimester male placenta compared to the
third trimester, suggesting a greater regulatory role of C14MC in males in the first trimester.

(Figure 5Bi-ii).

Pathway enrichment analysis on experimentally confirmed targets of the CL4MC miRNAs
identified “Pyridoxal 5’-Phosphate Salvage Pathway”, “Salvage Pathways of Pyrimidine
Ribonucleotides”, “Cardiac Hypertrophy Signaling (Enhanced)”, “IL-1 Signaling”, and “Wnt/B-
Catenin-Signaling” to be the most highly significant in the third trimester for both sexes.
“HOTAIR Regulatory Pathway”, “Signaling by Rho Family GTPases”, and “Regulation of the

Epithelial Mesenchymal Transition by Growth Factors” were highly significant in females in the
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third trimester but highly significant in males in the first trimester, with the latter not significant
in first trimester females and third trimester males. “IL-15 Production” was different from all
previous patterns in that it was highly significant in first trimester for both sexes. The C19MC
pathways were less sexually dimorphic across gestation with most of the pathways more
significant in third versus first trimester. Of the top 30, no pathways were highly significant in

first trimester compared to third, although a few were similar (Figure 5C, Supplemental File 2).

Discussion

We identified the sex specific microRNA signature of the first and third trimester placenta in
pregnancies resulting in live births. There were similar numbers of miRNAs expressed in both
sexes in each trimester, with similar chromosome distributions and peaks at chromosomes 1, 14,
19, and X as previously described [19, 54-56]. Overall, the majority of miRNA were not sexually
dimorphic with 11 differentially expressed miRNAs following multiple comparisons in first and
4 in third trimester placentae, all upregulated in females. Sex specific expression differences
across gestation were similar, with similar chromosome peaks, however chromosomal
distributions were sexually dimorphic in chromosome 14 and 19, with chromosome 14 more
representative in the third trimester in females but more representative in the first trimester in
males, likely due to C14MC and C19MC. There were first versus third trimester DE miRNAs
common to females and males, including miR-4483 which was upregulated in the first trimester
and miR-137 and miR-139-5p up in third trimester. There were twice as many female-specific
gestational differences as male-specific (44 miRNAs vs 21 miRNAS), indicating that miRNA
abundance across human gestation is sexually dimorphic. To our knowledge, this is the largest

normative sex dimorphic and sex specific placenta miRNA atlas across gestation.
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459  Although there were similar numbers of miRNAs expressed in both sexes in each trimester, with
460  similar chromosome distributions, immune mediated pathways had greater significance in males
461 in first and third trimester placenta compared to females. miRNAs have been identified in

462  regulating immune function, which may be sexually dimorphic [57] that may also translate at the
463  placenta, and these sexually dimorphic immune mediated pathways may impact placental

464  function including malperfusion and subsequent sequela [58]. Furthermore, this altered

465 intrauterine environment may have long term impact, including deficient development of the
466  immune system into childhood [59-61], predispose to inflammatory and immune disease states
467  that develop in adulthood [61-63], including metabolic syndrome and cardiovascular disease in

468  adulthood [64-69], which are sexually dimorphic disease states.

469  Sex differences in the first and third trimester were small, but differences were more prevalent in
470  the first trimester placenta, 11 sexually dimorphic miRNAs in the first trimester and 4 in the third
471  trimester, all upregulated in female placentae compared to male placentae. Greater sexual

472 dimorphism in miRNAs may also account for more significant upregulated pathways identified
473 in the first compared to the third trimester placenta, suggesting miRNAs have an impact on

474  placental development early in gestation in a sex specific manner, a result consistent with

475  previous studies [10, 21, 70]. The only miRNA that was sexually dimorphic in the first and third
476  trimester was miR-361-5p. This miRNA has been minimally studied, with no references to

477  placental development, however, Tsamou et al. report that this miRNA was also sexually

478  dimorphic in newborns, with higher expression in girls [71].

479  Although other studies have identified sexually dimorphic miRNA expression in the placenta,
480  these studies were small, which may lead to subject variability [72], or utilized microarrays [71]

481  and most of them were in placenta disease states where differences may be attributed to
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development of placental dysfunction which may be the result of sexually dimorphic miRNA
regulation of these sexually dimorphic disease states early in gestation [10, 73]. Recently,
sexually dimorphic miRNA expression was described by Eaves in second trimester placenta of
extremely low gestational age newborns. Of those identified by Eaves, miR-361-5p, miR-196a-
5p, and miR-374b-5p were also sexually dimorphic in the first trimester in our study [20]. These
miRNA may ultimately be sex specific early markers of extremely low gestational age. Another
recent study by Guo et al. of a small number of first and third trimester sexually dimorphic
samples also found miR-361-3p and miR-361-5p in common with our third trimester samples
[72], suggesting these may be specific markers of normal gestational age. In addition, other
miRNAs defined in our study have been previously shown to be associated with preterm labor,
such as miR-421, miR-374b-5p, and miR-155-5p [74]. Other gestational disease states have been
previously studied as well, including recurrent spontaneous abortion, associated with miR-196a-
5p [75], and pre-eclampsia, associated with miR-374b-5p [30], and may ultimately become sex

specific markers of these sex dimorphic placental pathologic states.

There were 207 miRNAs with differential expression across gestation common in both sexes.
These are potentially critical miRNAs, particularly those that are expressed early in gestation,
that can be used for future biomarker development, since they are independent of fetal sex. miR-
4483, which is upregulated in first compared to third trimester, was also found to be strongly
downregulated in the second trimester and hence likely plays a significant role in the first
trimester placenta that is sex independent [10]. There were also sex specific miRNAs that had
differential expression across gestation, suggesting miRNA regulation of placental development

throughout gestation is sexually dimorphic. These miRNAs are important for sex specific normal
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placental development and may provide a foundation for miRNA expression changes leading to

placental pathology in a sex specific fashion.

In the placenta-specific C14MC and C19MC[22, 23] none of the miRNAs were sexually
dimorphic in the first or third trimester. However, there were sex specific differences across
gestation in C14MC and C19MC. In females, there were more differentially expressed miRNAs
that were upregulated in the third trimester from C14MC compared to the first trimester, whereas
there were more differentially expressed miRNAs that were upregulated from C19MC in the first
trimester, suggesting these clusters play different roles throughout gestation in females, with
C14MC having a greater regulatory role in the third and C19MC in the first trimester. In
contrast, in males, there were more differentially expressed miRNAs that were upregulated from
C14MC in the first compared to the third trimester, suggesting a greater regulatory role of
C14MC in males in the first trimester. There were two female specific differentially expressed
miRNAs across gestation, miR-541-3p upregulated in third trimester, and miR-654-5p
upregulated in first trimester, both from C14MC. There were three male specific differentially
expressed miRNAs across gestation from the miR-376 precursor, miR-376a-3p, miR-376a-5p,
and miR-376b-3p, all upregulated in third trimester. All of these miRNASs have been associated
with cancer including reproductive cancers [76-79] , which may be suggestive that these
miRNAs are under sex hormone control, which is fetal sex specific early in gestation during fetal
sex differentiation [80, 81]. The sex specific differences across gestation in C14MC and C19MC
may account for differences in the identified canonical pathways. “HOTAIR Regulatory
Pathway”, “Signaling by Rho Family GTPases”, and ‘“Regulation of the Epithelial Mesenchymal

Transition by Growth Factors” were highly significant in females in the third trimester but highly
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significant in males in the first trimester, with the latter not significant in first trimester females

and third trimester males.

The major strength of this study is the cohort size of normal healthy pregnancies resulting in
delivery and the availability of detailed demographic information including birth outcomes.
Additionally, the use of high-throughput sequencing, as opposed to other techniques such as
arrays, allows for greater confidence regarding differential expression, since all known miRNA
species previously annotated in the human genome are considered. Although other studies have
identified sexually dimorphic miRNA expression in the placenta, these studies were small, [72]
and most of them were in placenta disease states where differences may be attributed to
development of placental dysfunction which may be the result of sexually dimorphic miRNA

regulation of these sexually dimorphic disease states [71, 73].

Our study has some limitations. Female and male singleton pregnancies in the first and third
trimester were matched for maternal age, race, ethnicity and pre-existing medical conditions,
however, when comparing sexes across gestation, differences in parental and fetal race and
ethnicity although small were identified. Maternal pre-existing medical conditions were not
significantly different among the groups but there were a few mothers that developed
hypertension in the third trimester cohorts. However, we did not control for outcomes since
subjects were enrolled in the first trimester. Pre-pregnancy BMI was greater in mothers of males
in the third trimester cohort compared to the first trimester cohort. Although sexual dimorphism
in miR-210 expression has been identified in the placenta associated with maternal obesity [82],
our cohorts were not obese and BMI differences were only identified in the male specific

cohorts. As a result, miR-210 was not identified to be different among the groups.
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Overall, our goals were: first, to identify the normative sex dimorphic miRNA signatures in first
and third trimester and second, identify and compare the normative sex stable and sex specific
normative miRNA signature across gestation in a healthy population. With the identification of
these normative signatures, future studies on placental pathologic disease states can be
performed, controlling for variability due to fetal sex and gestational age. Furthermore, due to
their small size and stability, these miRNAs may become potential biomarkers of disease early in
gestation, particularly miRNAs from plasma exosomes,[83-85] and utilized as additional

metadata for machine learning models of placental disease [86].
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810  Figure Legends

811  Figure 1: Expressed miRNAs in male and female placentae. (A) Chromosome frequency of
812  miRNAs in male and female placentae at first trimester, (i) all expressed miRNASs

813  (baseMean>10) and (ii) the highest expressed miRNAs (baseMean>2000). Similarly, (B)

814  chromosome frequency at third trimester. (C) Comparison of the pathways targeted by highly
815  expressed miRNAs (baseMean>2000) in first and third trimester female and male placenta.

816

817  Figure 2: Sexually dimorphic miRNAs in first and third trimester. (A) 93 differentially

818  expressed (DE) miRNAs (57 up in female and 36 in male, baseMean>10, p-value<0.05) listed
819  based on increasing expression (logio baseMean). Red stars and red labels: DE miRNAs that
820  remain significant after multiple comparisons (FDR<0.05) in (i) first and (ii) third trimesters. (B)
821  Significant miRNAs at FDR<0.05 in (i) first and (ii) third trimesters are tabulated with

822  chromosome (Chr) location(s), average baseMeans of female (BM-F) and male (BM-M)

823  samples, fold change (FC, female:male), and FDR. (C) Comparison of the pathways targeted by
824  differentially expressed and female-upregulated miRNAs reveals sexually dimorphic differences
825  between first (1) and third (3) trimester.

826

827  Figure 3: Sex-specific expression differences in miRNASs across gestation. DE miRNAs in

828 (A) females and (B) males. (i) Scatter plot of expression (logio baseMean) distribution across
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chromosomes for all DE miRNAs at FDR <0.05, baseMean>10. (ii) Chromosome frequency of
upregulated miRNAs for each trimester at FDR <0.05, baseMean>10. (iii) Scatter plots of
expression (logio baseMean) versus Absolute Fold Change for DE miRNAs (FDR <0.05). For all

scatter plots, point shape indicates direction of upregulation.

Figure 4: Common and sex-specific miRNA expression changes across gestation. (A) Scatter
plots of first vs third trimester DE miRNA fold changes in females compared to males,
highlighting miRNAs upregulated in (i) first and (ii) third trimester (FC>1). Colors: common
DE miRNAs which reach FC>2 in both sexes (aqua/turquoise), female specific DE miRNAs
(green), male specific DE miRNAs (purple), or neither (gray). (B) Comparison of the pathways
targeted by the most upregulated miRNAs (FDR<1E-5, baseMean>100 in each group, fold

change>2) for each sex cohort in the first vs third trimester analysis.

Figure 5: Expression differences in C14MC and C19MC clusters. Scatter plots for (Ai)
female and (Bi) male cohorts show miRNAs that are upregulated in first or third trimester
(color/shape) and highly expressed (size) for each cluster. (Aii-Bii) Corresponding frequency
plots count the upregulated miRNAs for each trimester (color). (Ci-ii) Comparison of the

pathways targeted by these upregulated miRNAs, by cluster.

Tables
Table 1: Demographics of study patient cohorts. Values shown as mean (standard deviation)
or n (%) as applicable. Asterisk: denotes significance at p<0.05.

A) Comparison of Male and Female Fetuses in each gestation
First Trimester (N=110) Third Trimester (N=44)
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N

Maternal age, years

Paternal age, years

Maternal race/ethnicity

Caucasian

Non-Hispanic

Paternal race/ethnicity

Caucasian
Non-Hispanic

Fetal race/ethnicity
Caucasian

Non-Hispanic

Maternal pre-pregnancy

BMI, kg/m2

available under aCC-BY-NC-ND 4.0 International license.

Female
57
37.8 (2.9)
39.5 (4.6)

53 (93.0%)
55 (96.5%)

54 (94.7%)
56 (98.3%)

53 (93.0%)
55 (96.5%)

22.0 (3.4)

Maternal preexisting medical conditions

Hypertension

Diabetes

Pregnancy complications

Hypertension
Diabetes
Placenta previa

Placental abruption

0 (0%)
0 (0%)

0 (0%)
1 (1.8%)
0 (0%)
0 (0%)

Hypertension management in pregnancy

Anti-Hypertensives

0 (0%)

Any Magnesium use (Ante- or

Postpartum)

0 (0%)

Mode of delivery- Cesarean

section

19 (33.3%)

Gestational age at delivery,

days

Birthweight, g

276.2 (7.0)

3342.0
(430.1)

Male P
53
375(3.1) 061
39.4(5.1)  0.96

53 (100%)  0.12
52 (98.1%) 1

50 (94.3%) 1
51(96.2%)  0.61

50 (94.3%) 1

51(96.2%) 1

21.8(34)  0.54

0 (0%) -
0 (0%) -

0 (0%) -
2(3.8%)  0.42
0 (0%) -

0 (0%) -

0 (0%) -

0 (0%) -
0.45

14 (26.4%) _
(chi2)

276.3(7.0)  0.95

3536.0 0.03"
(481.3) (ttest)

Female
18
37.2(2.5)
39.4 (4.8)

13 (72.2%)
14 (77.8%)

15 (83.3%)
15 (83.3%)

12 (66.7%)

13 (72.2%)

23.9 (4.6)

0 (0%)
0 (0%)

3 (16.7%)
0 (0%)
0 (0%)
0 (0%)

1 (5.6%)

2 (11.1%)

7 (38.9%)

278.8 (5.2)

3397.6
(409.5)

Male
26
37.3(3.4)
38.0 (4.8)

22 (84.6%)
21 (80.8%)

22 (84.6%)
21 (80.8%)

20 (76.9%)

20 (76.9%)

24.0 (4.8)

0 (0%)
0 (0%)

5 (19.2%)
1 (3.9%)
1 (3.9%)
0 (0%)

2 (7.7%)

4 (15.4%)

8 (30.8%)

275.0 (9.3)

3525.5
(504.1)
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0.45
0.51

0.45

0.51
0.74

0.98

(chi2)

0.13
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852
853 B) Comparison of Sex Specific First and Third Trimester Samples
Female (N=75) Male (N=79)
First Third P Val  First Third P Val

N 57 18 53 26
Maternal age, years 37.8(2.9)  37.2(2.5) 0.34  37.5(3.1) 373(34) 087
Paternal age, years 39.5(4.6)  39.4(4.8) 0.79 39.4 (5.1) 38.0(4.8)  0.27
Maternal race/ethnicity
Caucasian 53 (93.0%) 13 (72.2%)  0.03°  53(100%) 22 (84.6%) 0.01"
Non-Hispanic 55 (96.5%) 14 (77.8%)  0.03°  52(98.1%)  21(80.8%) 0.01°
Paternal race/ethnicity
Caucasian 54 (94.7%) 15(83.3%)  0.15 50 (94.3%) 22 (84.6%) 0.21
Non-Hispanic 56 (98.3%) | 15(83.3%)  0.04"  51(96.2%) 21 (80.8%) | 0.04"
Fetal race/ethnicity
Caucasian 53 (93.0%) 12 (66.7%)  0.01°  50(94.3%) 20 (76.9%) 0.053
Non-Hispanic 55(96.5%) 13 (72.2%)  0.007" 2 (3.8%) 6(23.1%)  0.014"

Maternal pre-pregnancy
BMI, kg/m2

Maternal preexisting medical conditions

220(3.4) 239(46) 011  21.8(34)  240(48) 003"

Hypertension 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
Diabetes 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
Thyroid disorder 1 (1.8%) 2 (11.1%) 0.14 2 (3.8%) 4 (15.4%)  0.087
Pregnancy complications

Hypertension 0 (0%) 3 (16.7%) 0.012° 0 (0%) 5(19.2%)  0.003"
Diabetes 1 (1.8%) 0 (0%) 1 2 (3.8%) 1 (3.9%) 1
Placenta previa 0 (0%) 0 (0%) - 0 (0%) 1 (3.9%) 0.55
Placental abruption 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -

Hypertension management in pregnancy

Anti-Hypertensives 0 (0%) 1 (5.6%) 0.24 0 (0%) 2 (7.7%) 0.11
Any Magnesium use (Ante-
0 (0%) 2 (11.1%) 0.055 0 (0%) 4(15.4%)  0.003"
or Postpartum)
Mode of delivery- Cesarean 0.67 0.72
19 (33.3%) 7 (38.9%) 14 (26.4%) 8 (30.8%)

section (chi2) (chi2)
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Gestational age at delivery,
g 276.2(7.0) 278.8(52)  0.099  276.3(7.0) 275.0(9.3) 0.84
ays

3342.0 3397.6 077 3536.0 3525.5
Birthweight, g (430.1) (409.5) ' (481.3) (504.1)

Supplemental Information

Supplemental File 1: Principal Components Analysis. 1.1ABC: Female vs Male principal
components graphs of (A)PC1 vs PC2, (B)PC1 vs PC3, and (C)PC2 vs PC3 for first trimester
samples. 1.2ABC: Female vs Male principal components graphs of (A)PC1 vs PC2, (B)PC1 vs
PC3, and (C)PC2 vs PC3 for third trimester samples. 1.3ABC: First v Third principal
components graphs of (A)PC1 vs PC2, (B)PC1 vs PC3, and (C)PC2 vs PC3 for female samples.
1.4ABC: First v Third principal components graphs of (A)PC1 vs PC2, (B)PC1 vs PC3, and
(C)PC2 vs PC3 for male samples. [.pdf file]

Supplemental File 2: Compilation of full target gene enrichment analysis results from IPA Core
Analysis. [Excel .xIsx file]

Supplemental File 3: Heatmaps of Subjects vs miRNAs. Heatmaps depicting sex-differential
data in (Ai) first and (Aii) third trimester and sex-specific data in (Bi) females and (Bii) males.
All heatmaps restricted to miRNAs of baseMean>10. [.pdf file]

Supplemental File 4: Compilation of miRNA expression analysis results. [Excel .xlIsx file]
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DE miRNAs, p-value < 0.05 B DE miRNAs, FDR <0.05

r . miRNA Chr BM-F BM-M FC FDR
(s 1 miR-200a-3p 1 927.5 525.5 3.49  2.08E-05
* miR-429 1 136.3 82.5 248 1.55E-03
let-7b-5p 22 8477.6  3798.0 223 1.58E-02
* miR-95-3p 4 166.7 77.2 2.16  1.52E-03
] * let-7¢c-5p 21 2946.9  1450.1 203 1.71E-02
] = let-7g-5p 3 4536.2  2809.1 1.61  4.21E-02
] let-7f-5p 9;X 13953.4  8799.1 1.59  3.64E-02
] miR-196a-5p 12;17 1655.3 1159.9 1.43  9.01E-03
] % miR-361-5p X 33774  2686.8 1.26  4.70E-06
] miR-421 X 564.1 480.8 1.17  1.52E-03
] miR-374b-5p X 728.3 628.6 1.16  3.50E-02
1 *
s ] = ce—
7 * 11 miRNA Chr BM-F BM-M FC FDR
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