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Abstract

Background

Human males and females show differences in the incidence of neutrophil-associated diseases
such as systemic lupus erythematosus, rheumatoid arthritis, and multiple sclerosis, and
differences in neutrophil physiological responses such as responses to infection, tissue damage,
and chemotactic factors. However, little is known about the basis of sex-based differences in
human neutrophils.

Methods

Starting with human neutrophils from healthy donors, we used RNA-seq to examine total RNA
profiles, RNAs not associated with ribosomes and thus not being trandated, RNAS in
monosomes, and RNAs in polysomes and thus heavily translated.

Results

There were sex-based differences in the levels of RNAs across free RNA, monosome, and
polysome fractions. Male neutrophils had increased levels of mMRNAS encoding mitochondrial
proteins in the free RNA fractions, indicating low levels of translation. The polysomes of male
neutrophils were enriched for mMRNAS encoding cytoskeletal organization, cell motility, and cell
activation. The polysomes of female neutrophils were enriched for mRNAs associated the
regulation of metabolic processes, cytokine responses, and mitochondrial proteins.

Conclusions

These data indicate that male and female neutrophils have different expression patterns and
different trandlation efficiency of some mRNAS. This may contribute to the observed sex-based

differences in neutrophil behavior and neutrophil-associated disease incidence and severity.
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I ntroduction

The mammalian immune system displays widespread sexual dimorphism * % Females
tend to have more robust immune responses than males %*, and reduced rates of infections > °.
Females have a higher incidence of autoimmune disorders compared to males, and an increasein
post-transplantation organ rejection * " & Some of these sex differences can be explained by
hormonal differences ° or sex chromosome copy number *°, but there is much that is still

unknown 4,

Neutrophils are the most abundant circulating immune cell in humans, representing 50-
70% of all leukocytes and are a major component of the innate immune system ** *2. Neutrophils
also have arole in tissue homeostas's, but aberrant activation and persistence can contribute to

2

inflammation and the progression of some diseases™ * including acute respiratory distress

syndrome (ARDS), rheumatoid arthritis (RA), and other disorders ™4,

In human circulating neutrophils, there are sex-based differences in phenotype and
function, with adult female neutrophils having a more mature phenotype as determined by
surface receptor expression, enhanced type | interferon pathway activity, and increased response
to GM-CSF compared to adult male neutrophils *>*2. There are also sex-based differences in the
levels of some proteins, with females having higher levels of proteins that regulate metabolic
processes and proteolytic pathways in their neutrophils, and males having more translational
control and signaling proteins in their neutrophils *°. Males have more phosphorylation of
proteins that inhibit transcription, regulate protein localization and apoptotic signaling in

mitochondria, and modulate neutrophil activation *°. Although female neutrophils expressed
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many phosphoproteins, there were no phosphoproteins that were significantly changed compared
to male neutrophils *°. How these differences between male and female neutrophils is influenced

by gene expression and trandation is unclear.

To assess trandation efficiency in circulating human neutrophils, we isolated neutrophils
from male and female donors, lysed the cdlls, and separated the lysates on sucrose gradients to
fractionate free RNA, RNA associated with monosomes, and RNA associates with polysomes. In
this report, we describe, for human neutrophils, sex-based differences in gene expression and
trandation efficiency. These differences may contribute to the observed sex-based differencesin

neutrophil-associated disease incidence and severity.
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84 Methods

85  Neutrophil isolation

86 Human venous blood was collected with the approval from the Texas A&M University
87 Institutiona Review Board (IRB number 2017-0792D) from healthy volunteers who gave
88  written consent. Neutrophils were isolated as previously described %%, Briefly, neutrophils were
89 isolated at room temperature (RT) from blood collected directly into vacutainer tubes containing
90 EDTA (454209; Greiner Bio-One; Monroe, NC). Neutrophils were isolated by Polymorphprep
91  (1114683; Axis-Shield, Oslo, Norway) following the manufacturers instructions, except the
92  centrifugation of gradients was done for 40 minutes. After centrifugation, first the upper
93  mononuclear band was removed and then a sterile wide-bore plastic pipette (414004-005, VWR,
94  Radnor, PA) was used to collect the lower neutrophil band. Neutrophils were then mixed with 10
95 mL PBS (17-5 F; Lonza, Walkersville, MD) and collected by centrifugation for 10 minutes at
96 300 x g a RT. Neutrophil cell pellets were resuspended in PBS and then recentrifuged. The
97  resuspension and centrifugation was repeated 3 more times.

98

99  RNA and ribosome collection, fractionation, and purification

100 From each donor, pellets of 45 to 115 x 10° neutrophils were disrupted by pipetting
101 vigorously with 500 ul ice cold “ Complete Polysome Buffer” (15 mM Tris-HCI pH 7.5, 300 mM
102 NaCl, 15 mM MgCl;, 1% Triton X-100 (Alfa Aesar, Ward Hill, MA), 100 pg/ml Cycloheximide
103 (VWR, Radnor, PA), 1 mg/ml Heparin (A16198.06, Thermo Scientific, Rockford, IL), 500
104  unitml RNasin Ribonuclease inhibitor (Invitrogen, Carlsbad, CA), 20 mM DTT, and 10x
105 Protease and Phosphatase inhibitor cocktail (Thermo Scientific)) . Lysed samples were

106  separated on a 10-50% sucrose gradient made with Polysome Gradient Buffer (10 mM HEPES-
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107 KOH pH 7.5, 70 mM ammonium acetate, 5mM magnesium acetate, prepared the same day) as
108  previously described 2. Cell lysates were layered on top of the prepared sucrose gradient,
109  centrifuged, and then fractionated following the manufacturer’s instructions for a TriAX flow
110  cel (BioComp, Fredericton, New Brunswick, Canada) and FC203B fraction collector (Gilson,
111 Middleton, WI). Fractions were collected and combined so that F1-3 contained free RNA, F4-6
112 contained monosome associated RNA, F7-9 contained early polysome associated RNA, and F10-
113 12 contained late polysome associated RNA. RNA purification and precipitation was performed
114  as described 2. Briefly, 0.5 ml of each sucrose fraction was mixed with 0.5 ml TRIzol
115  (Invitrogen) and 0.2 ml chloroform, then clarified by centrifugation at 12,000 x g for 15 minutes
116  at 4°C. 0.5 ml of the upper layer was transferred to a fresh tube containing 1 ml isopropanol and
117 2 pl of 15 mg/ml Glycoblue (Invitrogen). After mixing, the RNA was precipitated by incubating
118  overnight at -20°C and collected by centrifugation at 12,000 x g for 15 minutes at 4°C. The pellet
119  was rinsed with 1 ml ice-cold 70% ethanol. The ethanol was removed after centrifugation at
120 12,000 x g for 15 minutes at 4°C. Precipitated samples were re-spun a second time to remove the
121 remaining ethanol from the side of the sample tubes. RNA pellets were air dried for at least 10
122 minutes a room temperature before being dissolved in 20 ul nuclease-free water (Thermo
123 Scientific). RNA concentrations were checked with a Synergy Mx plate reader with a microdrop
124  attachment (BioTek, Winooski, VT).

125

126 RNA sequencing

127 RNAseq libraries were created following the manufacturer’ s instructions for QuantSeq 3’
128  mMRNA-Seq Library Prep Kit FWD for Illumina (type 015.96, Lexogen Inc, Greenland, NH),

129  with 2 pg of RNA used as the starting material. Libraries were sequenced using an lllumina
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130  NextSeq 500 platform (Texas A&M University Institute for Genome Sciences and Society
131  Experimental Genomics Core, College Station, TX). RNA sequencing data were analyzed using
132 the QuantSeq Data Analysis Pipeline on the BlueBee Genomic Platform (BlueBee, San Mateo,
133 CA). The quality of sequences was evaluated using FastQC software (version 0.11.5) after
134  adapter trimming with BBDUK software (version 35.92). Gene and transcript intensities were
135  computed using STAR software (version 2.5.2a) with the Gencode Release 27 (GRCh38) human
136  genome as a reference. Raw files of RNA-Seq data were uploaded to GEO (accession number
137  GSE288976).

138

139  Dataanalysis

140 For each donor, for each specific RNA (indicated by X), the normalized count of X in the
141  freefraction was calculated as (read count of X in the free fraction)/ (total number of read counts
142 in the free fraction). The normalized count of X in the monosome fractions was similarly
143  calculated as (read count of X in the monosome fraction)/ (total number of read counts in the
144  monosome fraction). Similar normalization was done for early polysomes and late polysomes.
145  For the free/ monosome/ polysome analysis, there were 4 female and 3 male donors. We only
146  analyzed RNAs where the RNA was detected in one fraction (F1-3, F4-6, F7-9, or F10-12) for at
147  least 3 of the 4 females, or all 3 of the males. However, most of the RNAs analyzed were present
148  inmultiple fractions.

149

150 Differences in RNA expresson between free RNA, and RNA associated with
151  monosomes, and early and late polysome in males and females was assessed using t-tests. Fold

152  changein expression and t-test values were ranked for volcano plot visualization. Gene ontology
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153  (GO) pathway analysis was performed, and graphs were generated, using ShinyGO (v 0.82 using
154  Ensembl Release 107) ?*. Groups were analyzed with the standard “Use pathway DB for gene
155  counts’ in the Homo sapiens database, and significance (p < 0.05) was determined by Fisher's
156 exact test with FDR correction. Results were confirmed wusing g:Profiler
157  (https://biit.cs.ut.ee/gprofiler/gost) and Metascape (https.//metascape.org/). Venn diagrams were
158  generated using InteractiVenn (www.interactivenn.net). Principal Component Analysis (PCA)
159  and heatmaps were generated using ClustVis (https://biit.cs.ut.ee/clustvis large/) Z.

160

161  Statistics

162 Prism v7 (GraphPad Software Inc., San Diego, CA, USA) and Microsoft 365 Excel
163  (Microsoft, Redmond, WA) were used for data analysis. Graphs were generated with Prism. Data
164  are shown as mean + SEM except where otherwise stated. To determine whether the mean
165  difference between two groups was statistically significant, the Mann-Whitney test was used.
166  Statistical significance was defined as p 1 0.05. For the volcano plots, one unpaired t test per
167  row was calculated, without assuming consistent SD (the fewer assumptions option), with an
168  uncorrected significance of p < 0.05 considered significant.

169
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170 Resaults

171 As previously observed, male and female neutrophils show differences in levels of some
172 RNAs

173 The transcriptome of human and murine neutrophils has been relatively well studied 2.
174  Previous studies also found sex-based differences in human neutrophils > ** **. To confirm this,
175  we analyzed freshly isolated human neutrophils from 2 healthy male and 4 female donors by
176  RNA-seq and identified 2,175 transcripts from datasets that had detectable RNA sequences in
177  either both male donors or in at least 2 of 4 female donors (Table S1 Tab 1) *. There was no
178  significant difference in the number of detected RNA transcripts between the male and female
179  samples (Figure S1A) *.. As described below in the results sections “ Some transcripts were only
180  present in male neutrophils’, and “Some transcripts were only present in female neutrophils’, we
181  observed some RNAS in this data set that appeared to be present only in male or only in female
182  neutrophils (Table S1 Tabs3 and 4) *. In addition to RNAs present only in males or only in
183  females, there were 53 transcripts with greater abundance in male cells and 1 transcript (RAB21)
184  with greater abundance in female cells (Figure 1A and Table S1 Tab5) *. GO term pathway
185  analysis of the proteins encoded by the 53 male transcripts were enriched for mRNASs encoding
186  proteins involved with regulation of trandation and protein targeting to the endoplasmic
187  reticulum (RPL5, RPL35, RPLP1, RPS3, and DDX3X), lamellipodia and focal adhesion
188  (PABPC1, PFN1, RPL5, CAP1, RDX, RPLP1, ACTR2, RPS3, SLA, and JAK1), and secretory
189 granules (CAP1, ACTR2, SRP14, ANXA2, and DDX3X) (Figure 1B). These results are
190 consistent with previous data indicating that male and female neutrophils have transcriptomic
191  differences™ *® %,

192

10
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193

194  Polysome fractionation of male and female neutrophils

195 Polysome fractionation and profiling has been used to analyze trandlation efficiency in
196 many cel types, including human platelets, monocyte cell lines, and macrophages *%3°.
197 However, RNA-seq analysis after polysome fractionation is rare in neutrophils with the human
198 promyelocytic leukemia HL-60 cell line being used as a surrogate for neutrophils ** %, To assess
199 trandation efficiency in circulating human neutrophils, we isolated neutrophils from 3 healthy
200 male and 4 healthy female donors, lysed the cells, and separated the lysates on sucrose gradients
200 % Fractionated male and female neutrophils, despite showing donor to donor variationsin the
202 profiles, all contained a clear monosome peak (Figure 2). Similar experiments on the human
203  MCF7 cancer cell line also showed replicate experimental variation in the ribosome profiles *,
204  The coefficient of variation (Standard Deviation / Mean) for the polysome region (defined as
205 gradient position 40 — 75, consisting of fractions 7 - 12), showed no significant difference
206  between the male and female profiles. These profiles show some indication of peaks in the
207  polysome regions for both male and female neutrophils, most clearly seen in male donor #2 and
208 female donors #1 and #4 (Figure 2). Neutrophils have a significantly lower resting gene
209  expression profile than other immune cell types, such as peripheral blood mononuclear cells “,

210  with low but detectable transcriptional activity ** #

, which increases rapidly after neutrophil
211 activation **. This reduced basal transcription activity may be responsible for the relatively low
212 polysome peaks.

213

214 Male and female neutrophils show differences in RNA transcripts across polysome

215  fractions

11
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216 We then analyzed RNA transcripts from the polysome fractions. RNA-seq data was
217  collated for free RNA (Fractions 1 — 3, corresponding to gradient positions 1 — 20), monosomes
218  (Fractions 4 — 6, corresponding to gradient positions 21 — 40), early polysomes (Fractions 7 — 9,
219  corresponding to gradient positions 41 — 55), and late polysomes (Fractions 10 — 12,
220  corresponding to gradient positions 56 — 75) (Figures 2A and B). Analysis was restricted to
221  datasets where we identified transcripts from all 3 male donors or at least 3 of the four female
222 donorsin at least one fraction. We identified 3,056 transcripts from datasets that had transcripts
223 in at least one fraction (F1-3, F4-6, F7-9, or F10-12) (Table S2 Tab 1) *. There were no
224 ggnificant differences in the total number of detected RNA transcripts in the combined fractions
225  between the male and females (Figure S1B) *, but there were more transcripts in the monosome
226  fraction (F4-6) compared to the other 3 fractions (Figures S1C) *.

227

228 Principal-component analysis (PCA) highlighted clear segregation of RNA into free,
229 monosome, early polysome, and late polysome fractions, and a general trend that male and
230 female free RNA and monosome fractions were more closely associated, but the male and
231 female early and late polysomes were more diverse (Figure 3A). Using unsupervised clustering
232 (heatmap), free RNA and monosome fractions were clustered together, with male and female
233  early and late polysome fractions being more diverse, with early polysome fractions having the
234  greatest number of diverse transcripts (Figure 3B).

235

236 Maleffemaledifferencesin RNAsin the Free RNA fraction

237 In the free RNA fraction (F1-3), there were 41 RNAs with significantly greater

238  abundance in males, and 6 RNAs with greater abundance in females (Figure 4A and Table S2

12
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239 Tab2) *. In the male free RNA fraction, which represent transcripts that are not being translated
240  into protein, there were 40 transcripts with levels > 2 fold higher than the average transcript level
241 (Z>2). These 40 transcripts were enriched for mRNAS encoding mitochondrial respiratory chain
242  complex proteins (APP, CEBPA, COX5B, COX7A2, LDHA, MT-CO2, and NCF2) (Figure 5A
243 and Table S2 Tab 5) *.. There were 45 Z>2 transcripts in the female free RNA fraction. These
244  included mRNAs encoding proteins associated with RNA processing and regulation including
245 AGO4, DDX3X, HNRNPA2B1, PKM, RPS3, RPL38, and RACK1) (Figure 5B and Table S2
246 Tab5)*.

247

248  Maleffemaledifferencesin RNAsin the Monosome fraction

249 There were 44 RNAs with significantly greater abundance in the monosome fraction in
250 males, and four with greater abundance in females (Figure 4B and Table S2 Tab2) *. In the
251  male monosome fraction, there were 20 Z>2 transcripts, including transcripts related to adhesion,
252  cytoskeletal organization, and cell-cel interaction (including ACTB, ACTN4, ARHGAP25,
253 CDC42, and PAK2) (Figure 5C and Table S2 Tab 5) *. There were only 8 Z>2 female
254  monosome transcripts, with no discernable enrichment (Table S2 Tab 5) *,

255

256  Maleffemale differencesin RNAsin the Early Polysome fraction

257 There were 56 RNAs with greater abundance in the early polysome fraction in males, and
258 19 with greater abundance in females (Figure 4C and Table S2 Tab2) *. There were 90 Z>2
259 male early polysome transcripts, and these were enriched for actin polymerization (COTL1,
260 MTPN, DIAPH1, CFL1, RASA1, and ARPC3, catabolic processes (HSPAS5 UBE4A, FAR2,

261  FBXL5, TRIP12, PSMD1, CSNK1A1l, UBB, ARRB2, and PCBP2), RNA processing and

13
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262  regulation (RPLPO, EEF1D, TARS], CPEB4, RPL30, RPS21, UBAS52, TPR, RPUSD4, CELF1,
263 MTPN, and RRBP1), and vesicle regulation (HSPA5, SPEN, SLC25A3, HSPOOAAL, RPLPO,
264  ST13, COTL1, ARPC3, TARS], ATP6V1B2, RPL30, MNDA, RABS8B, UBB, CFL1, RHOG,
265 P4HB, PCBP2, and UBAS52) (Figure 5D and Table S2 Tab 5) *. There were 24 Z>2 female
266  early polysome transcripts, including transcripts related to septin protein complexes (SEPTING
267 and SEPTIN7) and adhesion (RPS5, ANXAS5, PPP1CB, PTPRC, SEPTIN6, MTDH, PRKCB,
268 and CACNA1E) (Figure 5E and Table S2 Tab 5) *.

269

270 Maleffemaledifferencesin RNAsin the Late Polysome fraction

271 There were 109 RNAs with greater abundance in the late polysome fraction in males, and
272 8 with greater abundance in females (Figure 4D and Table S2 Tab2) *. There were 24 7>2
273  male late polysome transcripts which likely represent transcripts that are highly likely to be
274  trandated into protein, including transcripts related to cell adhesion (ITGA6 and LGALS1) and
275  surface receptors (FCGR3B), the Golgi and ER network (TGOLNZ2, SORL1, PLPP3, ATXNZ2,
276  KTN1, CKAP4, and COPB2), and RNA binding (LGALSL, PRRC2C, KTN1, SRRM1, CKAP4,
277  ATXNZ2, POLE3, NACC2, SUZ12, DDX60L, KAT6A, and ETV5) (Figure 5F and Table S2
278  Tab 5) *. Females had 20 Z>2 late polysome transcripts, and these were highly enriched for
279  proteins and RNAs associated with mitochondria (MT-CYB, MT-RNR2, and MT-TH) (Table
280 S2Tab5and Figure5G) .

281

282 Male and female neutrophils show differences in enrichment of RNA transcripts in

283  polysomes

14
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284 To further elucidate sex-based differences in the trandation of neutrophil RNAS, for each
285  RNA from each donor (using only RNAs where the RNA was detected in one fraction (free,
286  monosome, early polysome, or late polysome) for at least 3 of the 4 females, or al 3 of the
287  males) we assessed the Total Trandlation Rate (TTRXx) using:

288 TTRx= (Monosome + Early Polysome + Late Polysome) / Free RNA.

289  For RNAs where all donors had a non-infinite value for TTRx the mean and standard deviation
290 was calculated for the TTRx value for each RNA (Table S3 Tabs 1 and 2). We identified 29
291  transcripts that were significantly different between male and female neutrophils using these
292  criteria, with 20 RNAs (all mRNAS) having a higher TTRx in males and 9 higher in females
293  (Table S3 Tabs 2 and 3) *. The 20 mRNAs in males encoded proteins involved with vesicles
294  including major vault protein (MVP), RAS family members (RAB27A and RIN3), a variety of
295  enzymes (ALDOA and CANT1) and signaling molecules (DNM2, OSBPL2, and PEBP1) aong
296  with transcription factor complex nuclear factor-kappa-B (NFkB2), Lymphotoxin beta (LTB),
297 and S100A2. The 9 female RNAs were enriched for interferon gamma signaling (SP100 and
298  NMI), eukaryotic trandation (EIF3A), and nuclear proteins (ARID4B, SP100, EIF3A, NMI,
299  TKT, TOP3A, and ANP32A) (Table S3 Tab 3) *.

300

301 We also assessed for each RNA X of each donor a Moderate Translation Rate (MTRX),
302 (TableS3Tab4)*, using:

303 MTRXx = (Early Polysome + Late Polysome)/ (Free RNA + Monosome).

304 We identified 49 RNAs that were significantly different between male and female neutrophils
305 using these criteria (Table S3 Tabs 5 and 6) *. Of these 49 RNAs, 37 were significantly

306  upregulated in male samples and 12 were upregulated in female samples. The 37 upregulated
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307  transcripts in males were al mRNAs and were enriched for cell adhesion (ITGA6 and ICAM3)
308  and exosome and signaling molecules (GRB2 and PTPN6) (Table S3, Tabs 5 and 6) *. The 12
309  upregulated transcripts in females were all mMRNASs and were enriched for proteins involved with
310  stressresponses (DDX60L, RAD23B, USP15, HLA-C, and DNAJC?).

311

312 Finally, we assessed for each RNA X of each donor a Strong Translation Rate (STRXx),
313 (TableS3Tab 7)™, using:

314 STRx = (Late Polysome) / (Free RNA + Monosome + Early Polysome).

315  We identified 88 RNAs using these criteria (Table S3 Tabs 8 and 9) *. Of these 88 RNAs, 81
316  were significantly upregulated in males and 7 were upregulated in females (Table S3 Tabs 8
317 and 9) *.. The 81 transcripts present in males included 3 pseudogenes, a novel transcript present
318  within the sequence of phosphatidylinositol transfer protein membrane associated 2 (PITPNM2)
319 and 76 mRNAs. These mRNAs were enriched for ribosome proteins, histone H4 lysine 20 (K20)
320 demethylation, and respiratory burst (Table S3, Tab 9) *. The 7 transcripts present in females
321  included a mitochondrial pseudogene, and 6 mRNAs including myosin heavy chain 9 (MYH?9).
322  These data indicate that the TTRx, MTRX, and STRx groups in the mae were enriched for
323  transcripts associated with cell adhesion and signaling, whereas female neutrophils were
324  modestly enriched for interferon signaling and stress responses.

325

326 Maleffemaledifferencesin RNAsonly present in early and late polysomes

327 There were 523 transcripts that were only present in the polysome fractions, with 352
328  RNAs present in males and 314 present in females with infinite values for MTRY, indicating

329 these RNA transcripts were only present in early and late polysomes and not in the free or
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330  monosome fractions(Table $4, Tabs 1 and 2) *. Of the 523 transcripts, 209 were only detected
331 in male neutrophils, 171 were only detected in female neutrophils, with 143 transcripts found in
332  both male and female samples. Of the 352 transcripts in males, 14 were IncCRNAS, 5 were
333  mitochondrial tRNAs, 12 were processed pseudogenes, 3 encoded mitochondrial-derived
334  humanin-like peptides, and 312 were protein coding transcripts of which 11 were encoded on the
335 X chromosome (Figure 6A and Table S4, Tab 3) *.. The 312 protein-coding mRNAs were
336  enriched for processes involved with cytoskeletal organization and cell motility, regulation of
337  catabolic processes, and cdllular differentiation (Table $4, Tab 3). The 209 transcripts that were
338  only detected in male neutrophils were also enriched for processes involved with cytoskeletal
339  organization and cell motility. Of the 314 RNAsin females (Table S$4, Tab 4 and Figure 6B) *,
340 18 were IncRNAS, 4 were mitochondrial tRNAs, 12 were processed pseudogenes, 4 encoded
341 mitochondrial-derived humanin-like peptides, and 277 were protein coding transcripts of which 6
342  were encoded on the X chromosome (Table $4, Tab 4). These transcripts were enriched for
343  catabolic processes, regulation of RNA stability, and GTPase mediated signal transduction
344 (Table $4, Tab 4 and Figure 6B). The 171 transcripts that were only detected in female
345  neutrophils were also enriched for catabolic processes. For both male and female MTRx
346  transcripts, there were no transcripts that were encoded on the Y chromosome.

347

348 Maleffemaledifferencesin RNAsonly present in late polysomes

349 We also identified 128 RNAs in males and 52 in females with infinite values for STRXx,
350 indicating the RNA was only present in late polysomes and not in the free, monosome, or early
351  polysome fractions (Table 4, Tabs 5 and 6) *'. Of the 128 STRx infinite value transcripts in

352  males, 6 were IncCRNAS, 1 was a mitochondrial tRNAS, 4 were processed pseudogenes, with 113
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353  mRNAs of which 4 were encoded on the X chromosome (Table $4, Tab 7) *. These transcripts
354  were enriched for processes involved with cytoskeletal organization and cell motility (Table $4,
355 Tab 7 and Figure 6C) 3. Of the 52 RNAs in females (Table 4, Tab 8) *, 7 were IncRNAs, 3
356  were pseudogenes, and 41 were mRNAS of which 3 were encoded on the X chromosome (T able
357 $4, Tab 8). These transcripts were weakly enriched for negative regulation of proteolysis and
358  secretory vesicles (Table $4, Tab8). For both male and female transcripts only present in late
359  polysomes, there were no transcripts that were encoded on the Y chromosome.

360

361  Sometranscriptswereonly present in male neutrophils

362 RNA isolated from whole neutrophils included 334 transcripts that were only detected in
363  male neutrophils, compared to RNA isolated from female cells (Table S1 Tab2 and 3) * and
364 146 transcripts that were only detected in female neutrophils, compared to RNA isolated from
365  whole male neutrophils (Table S1 Tabs 2 and 4) *. We then determined if any of these 334
366 male transcripts were also detected in any of the 15,880 transcripts identified in any fraction of
367 any of the 4 female samples from polysome fractionation (Table S5 Tabs 5 and 7) *!. Using
368  thesecriteria, we identified 12 transcripts that were unique to male cells (Table S5 Tab 8) *. Of
369 these 12 transcripts, 2 were pseudogenes and 10 were mRNAS, with no transcripts that were
370 encoded on the X or Y chromosome. The 10 mRNA transcripts (FMO4, UBXNS, KLF16,
371 TMEM256, PIGC, WDR33, DEF8, TP53 [p53], LPCAT1, and TMEM243), included proteins
372 that are present in the endoplasmic reticulum (UBXNS8, PIGC, LPCAT1, FMO4, and TP53
373 [p53)).

374
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375 From the male fractioned RNAS, there were 1,057 transcripts identified as being present
376 inat least one fraction for all 3 donors (Table S6 Tab 6) *'. We then determined if any of these
377  male transcripts were also detected in any female samples either from whole cells or polysome
378 fractionation. Using these criteria, we identified 8 transcripts, with 1 InCRNA (ZNF407-ASl)
379 and 7 mRNAs (CA8, TRIM21, ENOX1, CSNK2A2, XYLT2, CRNKL1, and STYL4), with
380 SYTL4 encoded on the X chromosome (Table S6 Tab 14) *. These 17 mRNA transcripts
381 included RNA binding proteins (CRNKL1, WDR33, TP53, ENOX1, and TRIM21) and metal
382 ionbinding proteins (XYLT2, TP53, SYTL4, KLF16, TRIM21, DEF8, LPCATL1, and CAS8), but
383  werenot enriched for any specific biological process.

384

385  Sometranscriptswereonly present in female neutrophils

386 For the 146 RNAs that were only present in whole female neutrophil RNA (Table S1
387  Tab 4)*, but not whole male neutrophil RNA, we determined if any of these female transcripts
388  were also detected in any of the 15,046 transcripts identified in any fraction of any of the 3 male
389  samples from polysome fractionation (Table S5 Tab 6) *. Using these criteria, we identified 16
390 transcriptsthat were unique to female cells. Of these 16 transcripts, 2 were uncharacterized genes
391  (TEC), 4 were IncRNAS, and 10 were mRNAS, with no transcripts that were encoded on the X or
392 Y chromosome. The 10 mRNA transcripts (TSPOAPL, GATB, PCDHB4, DDX25, NT5DCS3,
393 TXNDC9, TMEMG68, ADI1, DEFA3, and ADARB1), including proteins that regulate RNA
394 (ADARBL, DDX25, GATB) (Table S5 Tab 8)*.

395

396 From the female fractioned RNAS, there were 376 transcripts identified as being present

397 in at least one fraction for all 4 donors (Table S6 Tab 12) *!. None of these female transcripts
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398 were unique as these transcripts were present in either whole cell lysates or polysome
399 fractionation of the male donors. Together, these data indicate that there are few sex-specific

400 transcriptsin male and female neutrophils.
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401 Discussion

402 Our data indicate that, as previously observed, *> ** male and female neutrophils have
403  sex-based differences in levels of some RNAs isolated from whole cells. The donors were
404  students recruited from the Texas A&M University population. We did not ask any donors if
405 they were on any hormone treatment, so it is unclear if the observed differences are due to
406  genetics or hormone treatment. Using a variety of different analysis schemes, we found that there
407  were remarkably few transcripts that were unique to male or female neutrophils. Using the most
408  rigorous scheme we observed 17 mRNA transcripts that were unique to male neutrophils, and 10
409 mRNA transcripts that were unique to all 4 female samples. Using alternative schemes, we
410 observed that male neutrophils were enriched for transcripts encoding proteins involved in
411 adhesion, leukocyte activation, ribosomes, and exosomes/vesicles. Female neutrophils were
412  enriched for transcripts encoding proteins involved in mitochondrial function, cytokine
413  production, and negative regulation of gene expression.

414

415 Polysome fractionation of RNAs has been used to determine trandation efficiency in
416 many cdl types, but this is rare for neutrophils *. In male neutrophils, we observed that RNAs
417 not associated with a ribosome (the free fraction) were enriched for RNAs encoding
418  mitochondrial respiratory chain complex proteins, suggesting that in male neutrophils
419  mitochondrial processes are not actively maintained. The free RNA fraction in female cells was
420 enriched for RNA processing and regulation RNAS, suggesting that trandation is a less active
421  processin female cells.

422
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423 Analysis of RNAs enriched in the polysomes or only present in polysomes, and thus
424  likey to be involved with active trandation, indicated that male neutrophils have active
425 trandation of RNAs associated with cytoskeletal organization and cell motility, whereas female
426  neutrophils actively transdate mRNAs associated with interferon signaling and metabolic
427  processes such as catabolism. In addition, we observed that the polysome fractions of female
428  neutrophils were enriched for RNAs encoding proteins associated with mitochondria, whereas
429  male neutrophils had an enrichment of mitochondrial RNAs in the free RNA fraction. Analysis
430 of the TTRx, MTRX, and STRx data, which determine trandation efficiency, indicated that male
431  neutrophils had higher trandation rates of transcripts encoding proteins involved with cell
432  adhesion and signaling, whereas female neutrophils had higher trandation rates of transcripts
433  encoding proteins involved with interferon signaling and stress responses. These data suggest a
434  clear difference in the biology of male and female neutrophils and may also help explain the
435  differences in the responses of male and female neutrophilsto infection > & “*44,

436

437 For some cell types, RNA transcript levels correlate with protein levels *°, but for many
438  cdl types including neutrophils, specific RNA transcript levels do not match the corresponding
439  protein levels *® %', Discrepancies between RNA transcript levels and protein abundance may be
440  attributed to the association of RNA transcripts with polysomes % 8. Cells with high levels of
441  RNA transcripts that are not associated with ribosomes (free RNA) or transcripts only associated
442  with monosomes will not be effectively trandlated into proteins, whereas low copy humber RNA
443 transcripts associated with polysomes are likely to generate many protein copies *°. Protein levels
444  are also dependent on protein turnover and degradation rates “**" . There are also sex

445  differencesin protein degradation, which may also influence protein levels in males and females
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446 2 We have previously shown that neutrophils from males have higher levels of proteins that
447  regulate trandation and signaling cascades, whereas neutrophils from females have higher levels
448  of proteins that regulate metabolic processes and proteolytic pathways *°. Although we did not
449  identify RNA transcripts that encode proteins we had previoudly identified to be elevated in male
450  or female neutrophils *°, we did find that male neutrophils were enriched for transcripts encoding
451  proteinsinvolved in adhesion and leukocyte activation, and female neutrophils were enriched for
452  transcripts encoding proteins involved in mitochondrial function and negative regulation of gene
453  expression. These data suggest that although RNA transcripts and proteomics data may not

454  match, grouping of datasets into modules or clusters ** 2% %

may reveal similarities between
455  RNA and protein datasets.

456

457 We previously observed that male neutrophils have a more rapid response to
458  chemorepellents * >3, We found that male neutrophils also had increases in many RNAs
459  associated with leukocyte adhesion and chemotaxis, suggesting that in male cells the faster
460  response may be due to increased translation of RNASs associated with these processes. These
461  differences may also contribute to the observed sex-based differences in neutrophil behavior and
462  neutrophil-associated disease incidence and severity, and suggests that therapies that affect
463 neutrophil biology may need to be modified for male or female patients >+

464

465

23


https://doi.org/10.1101/2025.05.07.652701
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.07.652701; this version posted May 12, 2025. 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.

466 Declarations

467  Ethicsapproval and consent to participate

468  The studies involving human participants were reviewed and approved by the Texas A&M
469  University Institutional Review Board (IRB #2017-0792D). Written informed consent to provide
470  blood for this study was provided by the donor.

471

472  Consent for publication

473 Not applicable.

474

475  Availability of data and materials

476  The datasets used and/or analyzed during the current study are available from the corresponding
477  author on reasonable request. RNA-seq data were uploaded to GEO (accession number
478  GSE288976).

479

480 Competing interests

481  Theauthors declare that they have no competing interests.

482

483  Funding

484  Thiswork was supported by NIH grant R35 GM 139486.

485

486  Authors Contributions

487 K.M.C. and D.P. designed, performed, analyzed experiments, and wrote the paper.

488  S.A.K. performed experiments. R.H.G. designed experiments and wrote the paper.

24


https://doi.org/10.1101/2025.05.07.652701
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.07.652701; this version posted May 12, 2025. 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.

489

490  Acknowledgements

491 We thank the volunteers who donated blood to perform these experiments, the
492  phlebotomy staff at the Texas A&M Beutd Student Health Center, the Texas A&M Institute for
493 Genome Sciences and Society (TIGSS) Experimental Genomics Core for RNA library
494  sequencing. We also thank Sumeen Gill, Md Salman Zahir Uddin and Shivani Ram Gianani for
495  helpful comments on the manuscript.

496

497  Author Information

498  Darrél Rilling, Kristen M. Consalvo, Sara A. Kirolos, and Richard H. Gomer

499  Department of Biology, Texas A&M University, College Station, TX 77843-3474 USA

500

501 Corresponding author

502  Richard H. Gomer

503 Department of Biology, Texas A&M University, ILSB 301 Old Main Drive, College Station, TX
504  77843-3474

505 Email: rgomer@tamu.edu

506

25


https://doi.org/10.1101/2025.05.07.652701
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.07.652701; this version posted May 12, 2025. 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.

507 FigurelLegends

508 Figurel. Male and female neutrophils have differencesin the total levels of some RNAs. A)
509 Volcano plot showing the fold change (Log2) and p-value (-LoglO) comparing the total
510 transcriptomes from male and female donors. Transcripts are marked in red have p values <0.05
511  (-Logl0 >1.3). B) Gene ontology analysis indicates that some mMRNAS present at higher levelsin
512  male neutrophils encode proteins associated with translation regulation.

513

514  Figure 2. Free, monosome, and polysome fractionation. Male and female neutrophils were
515 isolated from blood, lysed, the contents were separated on a sucrose gradient, and the gradient
516  was then fractionated. Results are separated into (A) male donors (n = 3) and (B) female donors
517 (n=4).

518

519  Figure 3. Analysis of RNA transcriptomes from free RNA, monosomes, and polysomes of
520 male and female donors. A) Principal component analysis based on per-sample mean-centered
521  log2 values of male and female transcripts. B) Heat map showing normalized expression levels
522  (z score) of RNAsin fractions from male and female neutrophils.

523

524  Figure 4. Comparison of transcriptomes from free RNA, monosomes, and early and late
525  polysomes of male and female donors. Fractionated samples were combined into “Free RNA”,
526 “Monosome’, “Early Polysome”, and “Late Polysome” samples for each donor. The samples
527  were then treated to isolate, purify, and sequence mMRNAS. Volcano plots from A) free RNA, B)

528 monosomes, C) early polysomes and D) late polysome datasets showing the fold change (Log2)
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529 and p-vaue (-LoglO) comparing the transcriptomes from male and female donors. RNA
530 transcripts marked in red have p values <0.05 (-Log10 >1.3).

531

532 Figure 5. Analysis of heatmap data of transcripts with >2 fold change in male and female
533  neutrophils. GO term analysis of enriched transcripts in free RNA from A) male and B) female
534  neutrophils. C) Enriched transcripts in monosomes from males. Enriched transcripts in early
535 polysomes from D) males and E) females. F) Enriched transcripts in late polysome fractions
536 from males. G) Chi-squared analysis of the distribution by chromosome of enriched transcripts
537 inlate polysome fractions from females.

538

539 Figure 6. Analysis of RNA transcripts only present in polysomes. GO term analysis of
540 enriched transcripts present only in the polysome fractions from A) mae and B) female
541  neutrophils with a moderate trandational rate (MTRx). C) GO term analysis of enriched
542  transcriptsin male neutrophils with a strong tranglational rate (STRX).

543

544  Figure Sl. Analysis of read counts from male and female neutrophils. A) Number of normalized read
545  counts from total RNA isolated from male and female neutrophils (n = 2 male and 4 female donors). B)
546  Number of normalized read counts from RNA isolated from polysome fractionation of male and female
547  neutrophils. C) Combined normalized read counts from RNA isolated from polysome fractionation of
548  male and female neutrophils (n = 3 male and 4 female donors). Bars and error bars show mean + SEM. *
549  indicatesp < 0.05 and ** indicates p < 0.01 (1-way ANOV A with Tukey’s test).

550

551  Table S1: Analysis of RNA-seq from male and female neutrophils. Tab 1) RNA-seq of tota RNA.

552 M2 and M3 are male donors, F1-F4 are female donors. Vaues are read counts from RNA-seq of total
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553  mRNA of 2,175 transcripts that had detectable RNA sequences (reads) in either both male donors or in at
554  least 2 of 4 female donors. Tab 2) RNA-seq values ranked by total abundance of RNAs from combined
555 male and female samples. Tab 3) Analysis of transcripts only identified in male neutrophils. Tab 4)
556  Analysis of transcripts only identified in female neutrophils. Tab 5) Data sets used for volcano plots in
557  Figure1B.

558

559  Table S2: Analysis of sex-based differences in RNA transcripts from free RNA, monosome, early
560 and late polysome fractions of male and female neutrophils. Vaues are normalized read counts from
561 RNA-seq anaysis of 3,056 transcripts that had at least 3 detectable RNA sequences (reads) in at least one
562  fraction either both male donors or in at least 2 of 4 female donors. Tab 1) Analysis of RNAs identified
563  from free RNA, monosome, and early and late polysome fractions of neutrophils from 3 male (M1-M3)
564  and 4 femae (F1-F4) donors. Tab 2) Identification of transcripts only present in male or female samples.
565 Tab 3) Mean values from Tab 2 for ClustVis analysis. Tab 4) Processed data from ClustVis analysis for
566  heatmap (Figure 4). Tab 5) Anaysis of >2 fold changed transcripts from ClustVis. Tab 6) Transcripts
567  ranked above 1.0 from Clustvis. Tab 7) Transcripts ranked below 1.0 from Clustvis.

568

569 Table S3: Analysis of sex-based differences in RNA trandation rates. Values are normalized read
570  counts from RNA-seq analysis of 3,056 transcripts that had at least 3 detectable RNA sequences (reads)
571 in at least one fraction either both male donors or in at least 2 of 4 female donors. Tab 1) For each donor,
572  to calculate the total translation rate (TTRXx) the normalized read counts from each individual donor of
573  monosomes, early polysomes, and late polysome fractions were combined and then the values were
574  divided by the reads from each donors' free RNA fraction. Tab 2) List of those transcripts that were
575  significantly different between male and female neutrophils. Tab 3) Ranked list from Tab 2 of transcripts
576  that were significantly different between male and female neutrophils. Tab 4) For each donor, to calculate
577  the moderate translation rate (MTRX) the normalized read counts from each individual donor of early and

578 late polysome fractions were combined and then the values were divided by the combined reads from
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579  each donors free RNA and monosome fraction. Tab 5) List of the MTRx transcripts that were
580  significantly different between male and female neutrophils. Tab 6) Ranked list from Tab 5 of MTRx
581  transcripts that were significantly different between male and female neutrophils. Tab 7) For each donor,
582  to calculate the strong tranglation rate (STRx) the normalized read counts from each individua donor late
583  polysome fractions were combined and then the values were divided by the combined reads from each
584  donors free RNA, monosome, and early polysome fraction. Tab 8) List of the STRx transcripts that were
585  significantly different between male and female neutrophils. Tab 9) Ranked list from Tab 8 of STRx
586  transcriptsthat were significantly different between male and female neutrophils.

587

588  Table $4: Analysis of sex-based differencesin RNA transcripts only present in polysomes. Analysis
589  of the transcription rates from Table S3 indicated there were many transcripts that were only present in
590  the polysome fractions. These data gave infinite values for the MTRx and STRx calculations, that is there
591  were no transcript detectable RNA sequences (reads) in the free RNA or monosome fractions but there
592  were transcript reads in the early and late polysome fractions. Tab 1) Calculations to identify for each
593  donor, those RNAs where the polysome fractions were divided by zero (infinity values), asin no readsin
594  the free RNA or monosome fractions. Tab 2) Ranked list from Tab 1 of transcripts that had infinity
595  values for the moderate trangdlation rate (MTRXx). Tab 3) Analysis of male transcripts from Tab 2 with
596  infinity values for the MTRx. Tab 4) Analysis of female transcripts from Tab 2 with infinity values for
597 the MTRx. Tab 5) Calculations to identify for each donor, those RNAs where the late polysome fractions
598  were divided by zero (infinity values), as in no reads in the free RNA, or monosome, or early polysome
599 fractions. Tab 6) Ranked list from Tab 5 of transcripts that had infinity values for the strong trangation
600 rate (STRx). Tab 7) Analysis of male transcripts from Tabs 5 and 6 with infinity values for the STRx.
601 Tab 8) Analysis of female transcripts from Tabs 5 and 6 with infinity values for the STRx. Tab 9) Venn
602  diagramsanalysis of the overlap of transcriptsin male and female MTRx and STRx datasets.

603

604

29


https://doi.org/10.1101/2025.05.07.652701
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.07.652701; this version posted May 12, 2025. 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.

605 Table S5: Analysis of sex-based differences in RNA transcripts from whole cell and polysome
606  fractionated samples. Tab 1) RNA-seq of total RNA. M2 and M3 are male donors, F1-F4 are femae
607  donors. Tab 2) Ranked data of all 9,344 transcripts with at least one sequence read. Tab 3) All 1301
608  transcripts present in both male total lysate samples. Tab 4) All transcripts present in n=2, n=3, or n=4
609 female total lysate samples. Tab 5) All transcript reads from polysome fractionated male and female
610 samples. Tab 6) Ranked male transcripts. Tab 7) Ranked female transcripts. Tab 8) Identification of
611 mae only transcripts that were absent from female whole cell lysates or fractionated lysates, and
612  identification of female only transcripts that were absent from male whole cell lysates or fractionated
613  lysates.

614

615 Table S6: Analysis of sex-based differences in RNA transcripts from polysome fractionated
616  samples. Tab 1) Ranked datasets of all 5,241 transcripts with at least 3 reads present in any fraction of
617 any male sample. Tab 2) Ranked datasets of all 754 transcripts with 3 transcript reads present in the free
618  RNA (F1-3) of male samples. Tab 3) Ranked datasets of all 616 transcripts with 3 transcript reads present
619  in the monosome fraction (F 4-6) male samples. Tab 4) Ranked datasets of all 984 transcripts with 3
620 transcript reads present in the early polysome fraction (F 7-9) male samples. Tab 5) Ranked datasets of
621  all 829 transcripts with 3 transcript reads present in the late polysome fraction (F 10-12) male samples.
622  Tab 6) List and Venn diagram of transcripts present in at least one fraction for all 3 male donors. Tab 7)
623  Ranked datasets of all 5,892 transcripts with at least 3 reads present in any fraction of any female
624  samples. Tab 8) Ranked datasets of all 754 transcripts with 3 transcript reads present in the free RNA
625 (F1-3) sample. Tab 9) Ranked datasets of all 939 transcripts with 3 transcript reads present in the
626  monosome fraction (F 4-6) of female samples. Tab 10) Ranked datasets of all 1,828 transcripts with 3
627  transcript reads present in the early polysome fraction (F 7-9) of female samples. Tab 11) Ranked
628  datasets of all 1,155 transcripts with 3 transcript reads present in the late polysome fraction (F 10-12) of

629 female samples. Tab 12) List and Venn diagram of transcripts present in at least one fraction for all 4

30


https://doi.org/10.1101/2025.05.07.652701
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.07.652701; this version posted May 12, 2025. 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.

630 femaedonors. Tab 13) List and Venn diagram of transcripts present in at least one fraction for at least 3

631  of the4 female donors. Tab 14) List of transcripts found only in male and female samples.
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Figure 6
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