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25 ABSTRACT

26 Zika virus (ZIKV) is a recently re-emerged flavivirus transmitted to humans by
27  mosquito bites but also from mother to fetus and by sexual intercourse. We here show for
28  the first time that primary human endometrial stromal cells (HESC) are highly permissive
29 to ZIKV infection and support its in vitro replication. ZIKV envelope expression was
30 detected in the endoplasmic reticulum whereas double-stranded viral RNA colocalized
31  with vimentin filaments to the perinuclear region. ZIKV productive infection also
32 occurred in the human T-HESC cell line with the induction of interferon-p (IFN-B) and of
33 IFN-stimulated genes. Notably, in vitro decidualization of T-HESC with cyclic AMP and
34  progesterone upregulated the cell surface expression of the ZIKV entry co-receptor AXL
35 and boosted ZIKV replication by ca. 100-fold. Thus, endometrial stromal cells,
36  particularly if decidualized, likely represent a crucial cell target of sexual virus
37  transmission and a relevant source of ZIKV spreading to placental trophoblasts during
38  pregnancy.

39

40 Keywords: ZIKV, endometrial cells, AXL, IFN-, sexual transmission
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41 AUTHOR SUMMARY

42 Infection by Zika virus (ZIKV), a flavivirus transmitted to humans by mosquito
43  bites, has recently emerged as an important cause of neurological lesions in the fetal brain
44 as women who become infected by ZIKV during pregnancy can transmit the virus to their
45  fetus. In addition, routes of ZIKV transmission independent of mosquito bites have been
46  also identified and include sexual transmission from both infected men and women to
47  their partners, an aspect bearing great societal implications for ZIKV spread. These
48  observations highlight the importance of the female reproductive tract in the
49  establishment and/or spreading of the infection. In this regard, the endometrium is a
50  highly dynamic tissue undergoing major histological changes during the menstrual cycle
51  under the coordinated action of sexual hormones. In particular, progesterone drives the
52  differentiation of human endometrial stromal cells towards decidualization, a process that
53 s critical for fetal trophoblast invasion and placenta formation. We here report for the
54  first time that both primary and immortalized human endometrial stromal cells are highly
55  permissive to ZIKV infection and replication, particularly when in vitro decidualized by
56  progesterone, suggesting that these cells could significantly contribute to vertical ZIKV
57  transmission in utero during pregnancy but also to horizontal transmission by the sexual

58 route.
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59 INTRODUCTION

60 Zika Virus (ZIKV) is a member of the Flaviviridae family transmitted to humans
61 by mosquito bites of the Aedes species [1]. The virus has been first isolated from the
62  Dblood of a febrile monkey in 1947 in the Zika forest of Uganda [2]; however, its potential
63 as a human pathogen was underestimated for almost 60 years until 2013 when an unsual
64  outbreak of ZIKV-related Guillain-Barré syndrome emerged in French Polynesia [3]. A
65 global health emergency was triggered at the end of 2015 by the obervation of an
66 increased incidence of microcephaly was associated with the temporal and geographic
67  distribution of ZIKV infection in the North East Brazil [4]. Increasing evidence now
68 clearly supports a cause-effect relationship between congenital ZIKV transmission and
69 increased frequency of mild to severe neuropathologies including microcephaly [5,6].
70  ZIKV was detected in the amniotic fluid of pregnant women [7] suggesting that the
71  placenta might be permissive to virus passage, a condition that likely occurs during the
72 first trimester of pregnancy [8], although placental cells appear to be protected against
73 ZIKV infection by a constitutive interferon (IFN)-A1 response [9]. Indeed, two recent
74  studies showed that human primary placental macrophages and trophoblasts were
75  permissive to ZIKV productive infection both in vitro [10,11] and in a mice [12]. These
76  studies demonstrates that ZIKV can cross the placental barrier either coming from
77  maternal blood or by an ascending route as recently demonstrated in a mouse model of
78  vaginal ZIKV infection [13].

79 Vector-independent transmission of ZIKV among humans can occur through the
80  sexual route [14]. Male-to-female transmission has been reported in approximately 15

81  cases thus far [15]. This hypothesis is also supported by both the detection of higher viral
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82 load in semen vs. blood and by the persistence of ZIKV in semen for several months after
83  waning of symptoms [16,17,18,19]. More recently, female-to-male sexual transmission of
84  ZIKV infection was also documented [20]. These observations imply a potentially
85  prominent role of the female reproductive tract (FRT) as a site of virus infection and
86  propagation either from and to the male partner during sexual intercourse or to the fetus
87  during pregnancy. All compartments of the FRT, including the endometrium, might
88  contribute to establishing and spreading the initial infection. In addition, it should be
89 taken into consideration the fact that the human endometrium is a highly dynamic tissue
90 undergoing major histological changes during the menstrual cycle under the coordinated
91  action of sexual hormones. Estrogen dominates the proliferative phase of the menstrual
92  cycle, while the post-ovulatory rise of ovarian progesterone drives the differentiation of
93  human endometrial stromal cells (HESC). This process, known as pre-decidualization, is
94  critical for fetal trophoblast invasion and placenta formation and occurs independently of
95 animplanting blastocyst [21].
96 Therefore, we investigated whether primary HESC or immortalized (T-HESC)
97 cells were permissive to in vitro ZIKV infection and replication. Indeed, ZIKV
98  productively infected both HESC and T-HESC, whereas in vitro decidualization of the
99  cell line (dT-HESC) increased both the expression of putative ZIKV entry co-receptor
100  AXL and the levels of productive infection vs. unstimulated cells. Thus, our results fully
101  support the hypothesis of a relevant role of the endometrium for both sexual ZIKV

102  transmission and in utero virus transmission to the fetus during pregnancy.
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103 RESULTS

104 ZIKV infection of primary HESC. Primary HESC were isolated from
105 endometrial biopsies and incubated with either the reference African MR766 or
106  contemporary INMI-1 strains at the multiplicity of infection (MOI) of 10 after reaching
107  cell confluency (days 3-4). Viral growth was firstly analyzed by indirect
108  immunofluorescence (IF) analysis using either an anti-dsSRNA monoclonal antibody
109 (mAb) or an anti-panflavivirus envelope (E) protein mAb. Subcellular distributions of
110  both viral RNA and E protein were observed 72 h after infection of HESC (Figure 1A).
111  The percentage of cells infected with the MR766 strain, as measured by both anti-dsRNA
112 and anti-flavi E mADb staining, was ca. 80% whereas the proportion of cells infected with
113  the INMI-1 strain was 10-fold lower (ca. 7%). Progeny infectious virion production was
114 measured in HESC culture supernatants using a standard plaque-forming assay (PFA) in
115 Vero cells (Figure 1B) whereas absolute quantification of viral NS5 RNA was
116  determined by droplet digital (dd) PCR (Figure 1C). Both viral strains replicated
117  efficiently in primary HESC established from 8 independent donors although the more
118  recent INMI-1 strain was ca. 1 logi less efficient than the MR766 strain, confirming the
119  IF results.

120 Subcellular localization of ZIKV in HESC. The flavivirus life cycle occurs in the
121  cytoplasm mostly in association with intracellular membranes of the endoplasmic
122 reticulum (ER) [22]. Therefore, we analyzed whether ZIKV E protein co-localized with
123  the ER in infected cells by staining infected and uninfected cells with a mAb directed to
124 calreticulin, a major Ca**-binding protein and chaperone expressed in the lumen of the

125 ER [23]. Calreticulin staining in uninfected cells appeared as perinuclear fibrillar
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126  fluorescence (Figure 2A) whereas in infected cells its staining expanded in the cytoplasm
127  towards the cell perifery. In addition, dense structures colocalized viral E protein
128  expression and calreticulin in the perinuclear region (Figure 2A).

129 We also evaluated whether vimentin, a major component of type Ill intermediate
130 filaments expressed by HESC [24], colocalized with ZIKV dsRNA. It has been reported
131  previously that vimentin filaments are redistributed during cell infection with Dengue
132 virus (DENV) as they are essential for the anchorage of the virus replication complex
133 [25]. In uninfected HESC vimentin displayed a tipically extended network arrangement
134  from the perinuclear region outwards to the cell plasma membrane (Figure 2B). Of note
135 s the fact that ZIKV infection induced retraction of vimentin filaments from the cell
136  periphery and their reorganization into dense structures in the perinuclear region (Figure
137  2B). Viral dsRNA IF showed a punctate structure that indeed co-localized with vimentin
138  dense structures (Figure 2B).

139 Productive infection of two additional ZIKV strains, Puerto Rican 2015
140 (PRVABCS59) and Thailand 2013 [26], was observed in primary HESC by both PFA and
141  ddPCR of viral RNA (Figure S1A and B, respectively) 3 days post-infection, confirming
142 intracellular co-localization of the E protein and dsRNA with calreticulin and vimentin,
143  respectively (Figure S1C and D).

144 Thus, primary HESC are targets of in vitro infection and actively support the
145  replication of different ZIKV strains in the ER and in association with vimentin
146  filaments.

147 In vitro decidualization of T-HESC cels upregulates ZIKV productive

148 infection. In order to test whether decidualization could influence ZIKV infection, we


https://doi.org/10.1101/077305

bioRxiv preprint doi: https://doi.org/10.1101/077305; this version posted September 27, 2016. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Pagani et al. - 8

149  infected the immortalized T-HESC cell line either in unstimulated conditions or
150 following in vitro decidualization induced by progesterone and cAMP, as reported [27].
151  As shown by IF with both anti-dsSRNA and anti-E protein mAbs, the MR766 strain
152  productively infected T-HESC. A significant increase of the percentage of infected cells
153  of ca. 2-fold was observed by IF staining of dT-HESC vs. control cells (Figure 3A).

154 The expression of two putative entry co-receptors for ZIKV entry, AXL and
155 MER, was evaluated by cytofluorimetric analysis in both uninfected T-HESC and dT-
156 HESC. While MER expression was not detectable, AXL was expressed by unstimulated
157  T-HESC and, of note, it was upregulated in dT-HESC (RFI: 2.76 vs. 1.64, respectively;
158 Figure 3B), consistently with the higher infection efficiency observed in these
159  experimental conditions.

160 As observed with primary cells, calreticulin staining in uninfected cells appeared
161  as a perinuclear fibrillar fluorescence whereas it expanded in the cytoplasm towards the
162  cell perifery and colocalized with viral E protein expression in infected cells (Figure 3C).
163  Punctate structures were observed in infected dT-HESCs stained with an anti-dSRNA Ab
164  that colocalized with vimentin filaments in the perinuclear region (Figure 3D).

165 ZIKV productive infection of T-HESC is cytopathic and induces the expression
166  of IFN-B and ISGs. By PFA we next determined the kinetics of virus replication in T-
167 HESC and dT-HESC cells by analyzing their culture supernatants in Vero cells. Virus
168  replication in T-HESC of both MR766 and INMI-1 strains increased by approximately
169  10- and 5-fold over the levels of input virus, respectively, peaking around 96 h post-
170 infection (Figure 4A, left panel). Decidualization of T-HESC increased the efficiency of

171  virus replication by up to two orders of magnitude after 144 h post-infection (Figure 4A,
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172  right panel). Peak virus replication was detected by ddPCR 96 h post-infection and
173  levels ca. 10 fold higher than those of the input virus were maintained up to 144 h post-
174  infection (Figure 4B). ZIKV infection of both untreated T-HESC and dT-HESC induced
175  cytopathicity and cell death as determined by the levels of adenylate kinase (AK)
176  released in the culture supernatants [28] with kinetics overlapping those of virus
177  replication (Figure 4C).

178 Since it has been reported that ZIKV infection leads to the transcription and
179  release of IFN- in human skin fibroblasts [29], we evaluated the kinetic of IFN-f mMRNA
180  expression by RT-gPCR after infection of T-HESC. Indeed, higher levels of IFN-B gene
181  transcription were detected 24 h after infection vs. those of uninfected cells and increased
182  of ca. 300-fold 6 days after infection of T-HESC with the MR766 strain, whereas lower
183  levels were induced upon infection with the INMI-1 strain (Figure 4D). The virus-
184  induced levels of IFN-B mRNA in dT-HESC cells were similar to those of T-HESC cells;
185  however, a more rapid insurgence of IFN- B expression was observed in T-HESC vs. dT-
186 HESC (Figure4D).

187 We next determined whether biologically active IFN-B was indeed secreted
188  following ZIKV infection of T-HESC and dT-HESC cells. For this purpose, cell culture
189  supernatants were tested on HEK-Blue IFN-a/p3 cells containing the secreted alkaline
190 phosphatase (SEAP) reporter gene under the control of IFN-o/p inducible 1SG54
191  promoter [30]. The induction of SEAP activity confirmed the presence of bioactive type 1
192 IFN in the supernatants of infected cells with moderately delayed kinetics in comparison

193  to the upregulation of IFN-B mRNA observed in infected cells (Figure S2).
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194 Among ISGs, myxovirus resistance protein 1 (MXA) and 2'-5'-Oligoadenylate
195  Synthetase (OAS2) were previously shown to be genes that were mostly upregulated by
196  ZIKV infection of fibroblasts [29]; therefore, we determined their kinetics of expression
197 by RT-PCR. Both MXA and OAS2 mRNAs were upregulated in ZIKV infected vs.
198 uninfected cells (Figure 4E and F, respectively) with kinetics almost superimposable to
199  those of IFN-B mRNA expression; no quantitative differences were observed for these
200  ISGs in cells infected with the MR766 and INMI-1 strains, in spite of different levels of
201  virus replication.

202
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203 DISCUSSION

204 In the present study, we report for the first time that primary HESC are highly
205  permissive to ZIKV productive infection by both an historic and different contemporary
206  strains. We also showed that the T-HESC cell line, which models HESC in the
207  proliferative phase, was permissive to ZIKV infection and supported virus replication.
208 Infection of T-HESC strongly upregulated the expression of bioactive IFN-B and of
209 related ISGs (MXA, OAS2). Interestingly, in vitro decidualization of T-HESC, increased
210  the efficiency of ZIKV replication by up to 100-fold in association with the upregulation
211  of the putative entry co-receptor AXL, but not of MER, suggesting a potential correlate
212  of the increased levels of virus replication observed upon decidualization of the cell line.
213 Flaviviruses bind to a variety of surface molecules that serve as entry mediators or
214  cofactors including the TAM family of tyrosine kinase receptors [31]. Among TAMs,
215 AXL was reported to mediate ZIKV entry in dermal fibroblasts and epidermal
216  keratinocytes [29]. Furthermore, AXL is highly expressed by neural stem cells, a
217  privileged target of ZIKV infection in the fetal central nervous system [32] whereas it
218  might play a minor role as compared with other TAM entry factors in placental cells [33].
219  Of importance is the observation that AXL was confirmed as ZIKV entry factor in a
220 CRISPR/Cas9 screen of HelLa cells [34]. Our results support the hypothesis of a
221  prominent role of AXL in infection of HESC and a potential deleterious role of
222  progesterone in favoring virus transmission to the trophoblasts, in case of pregnancy, or
223  from and to a male partner during sexual intercourse.

224 As for DENV, we observed that ZIKV dsRNA associated with vimentin

225  intermediate filaments that were rearranged in the perinuclear region of infected HESC
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226  and T-HESC [25]. This observation suggests a potential role of vimentin in ZIKV RNA
227  amplification machinery, perhaps by stabilization of replication complexes, as suggested
228  for DENV replication [25]. We also observed that ZIKV E protein was localized in the
229 ER of infected HESC and T-HESC cells, which showed dilated cisternae as a sign of
230 massive expansion of the cell secretory machinery. These observations indicate that
231  ZIKV, similarly to DENV, assembles and accumulates its progeny virions in the ER sacs
232 [35] where a subset of ER-associated signal peptidase complex proteins is responsible for
233  the proper cleavage of flavivirus structural proteins and secretion of viral particles [36].
234 The kinetics of ZIKV replication well correlated with the production of active IFN-f and
235 the consequent induction of ISGs, such as MXA and OAS2, that likely curtailed
236  spreading of infection.

237 Very recently, ZIKV has been detected in the FRT after the onset of clinical
238  symptoms [37] and both male-to-female [15,38] and female-to-male transmission [20]
239  have been documented suggesting that this vector-independent route of viral transmission
240  might have occurred more frequently than reported. Furthermore, ZIKV presence in the
241  FRT can foster vertical transmission from mother to fetus, as recently demonstrated in a
242  mouse model of vaginal virus infection [13] and previously demonstrated for other
243  members of the Flaviviridae family such as hepatitis C virus, in which vertical
244 transmission from mother to child can occur in up to 10% of pregnancies [37]. As
245  maternal decidual cells are in direct contact with extravillous trophoblast (EVT) on the
246  tip of anchoring villi, one possibility is that ZIKV produced by infected HESC and/or
247  other cells present in the FRT is transmitted to EVT in early pregnancy and then enters

248  the fetal circulation.
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249 An unclear aspect of ZIKV pathogenesis is whether ZIKV infection persists for
250 longer in spite of its cytopathicity. If this is the case, ZIKV persistence in decidualized
251  HESC might provide a viral reservoir for infection of cells of the decidua basalis, thus
252  favoring viral transmission to chorionic villi.

253 Although ZIKV transmission occurs primarily through Aedes mosquitos bites,
254 increasing evidence of vector-independent viral transmission through the sexual route
255  bear potentially great societal implications for ZIKV spread [15]. Our in vitro findings
256 indicate a vulnerability of the FRT to ZIKV infection, particularly upon endometrial
257  decidualization by progesterone, as previously observed for other sexually transmitted
258  viruses, such as herpes simplex virus and HIV [39]. As for these virus, topical
259  microbicides developed and formulated for vaginal use [40] should be considered among

260  the preventative strategies against ZIKV infection.
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261 METHODS

262 Human Tissues. Endometrial biopsies from 7 pre-menopausal women with regular
263  menstrual cycles (5 in proliferative phase and 2 in secretory phase) and from 1 peri-
264  menopause woman, all undergoing histeroscopy for diagnostic purposes, were obtained
265 from the Ob&Gyn Department of the San Raffaele Scientific Institute in Milan. The
266  selected women did not show any evident endometrial pathology or suffer from any
267  endocrine disorder or systemic disease and have not received any steroid treatment for at
268 least 3 months prior to tissue collection. Uterine samples were obtained by Vacuum
269  Aspiration Biopsy Random Assay (Vabra). All women provided written informed
270  consent before tissue collection and anonymized samples were delivered to the laboratory
271  (see Supporting Information for the details of tissue culture preparation).

272 The immortalized human endometrial stromal cell line T-HESC, originated from
273  normal human endometrial stromal cell immortalized with hTERT (Krikun et al, 2004),
274  was obtained from ATCC (CRL-4003™). Cells were maintained in complete growth
275 medium according to the manufacturer’s instructions. To induce T-HESC cell
276  decidualization, stromal cells were stimulated with cAMP (0.5 mM; Sigma) and
277  medroxyprogesterone acetate (MPA) (1 uM; Sigma) for 7 days.

278 ZIKV infection. The viral strain MR766 was obtained from the European virus
279 archive (EVAgQ) and expanded in Vero cells. The Brazilian 2016/INMI-1 isolate
280  (GenBank Accession # KU991811) was obtained from an Italian individual who traveled
281  to Brazil in January 2016. HESC or T-HESC cells were seeded in 24 well plastic plates at
282  2.5x10°/ml; cell culture medium was removed from confluent cells and was replaced with

283  virus containing supernatant at the MOI of 10. After 4 h, the supernatant was removed
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284  and fresh culture medium (0.5 ml) was added. The kinetics of virus replication were
285  measured in supernatants collected 1, 24, 72 and 144 h post-infection and kept frozen at -
286  80°C until further use (see Supporting I nfor mation).

287 Indirect immunofluorescence of ZIKV E protein and dsRNA. Cells were fixed
288  for 20 min in 4% paraformaldehyde solution (Sigma) in phosphate-buffered saline (PBS,
289  Euroclone). Cells were permeabilized for 30 min in blocking solution, containing 0.2%
290  Triton X-100 (Sigma) and 10% donkey serum (Sigma) and incubated overnight at 4°C
291  with the primary mAb in blocking solution. The following mAbs specific for Flavivirus E
292  protein (1:200, Millipore, MAB10216), double-stranded RNA (1:300, English and
293  Scientific Consulting Kft, Hungary), vimentin (1:300, Bioss, BS-0756R) and calreticulin
294  (1:300, Sigma, C4606) were used. Cells were then washed with PBS and incubated for 1h
295  with Hoechst and either anti-mouse Alexa Fluor-488 or anti-rabbit Alexa Fluor-594
296  secondary Abs (1:1,000 in blocking solution, ThermoFisher Scientific). After PBS
297  washes, cells were washed again and mounted.

298 Flow Cytometry. Mouse anti-human AXL mAb (clone # 108724, MAB154) and
299  mouse anti-human MER mADb (clone # 125518, MAB8912) was purchased from R&D
300 Systems. Goat anti-mouse 1gG secondary antibody, RPE conjugated was purchased from
301  ThermoFisher Scientific (P-852). 2x10* T-HESC were used per condition. Samples were
302 acquired on FACSCanto (BD) flow cytometer. Dead cells were excluded on the basis of
303  propidium iodide and DAPI staining. All data were analyzed using FlowJo software
304  (Tree Star). Relative fluorescent intensity (RFI) of AXL and MER expression on T-
305 HESC was calculated dividing the mean AXL and MER fluorescence intensity by the

306  mean fluorescence intensity of the corresponding isotype control mAb.
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307 Cell death detection assay. 10 ul samples of culture supernatant were transferred
308 on a half black 96 well plate (Costar). To each well, 50 ul of the adenylate kinase
309  detection reagent (ToxiLight® BioAssay, Lonza) was added and the plate was incubated
310 for 10 min at room temperature. Luminescence was measured in a Mithras LB940
311  Microplate Reader (Berthold Technologies). The results were expressed as relative
312 luminescent unit (RLU).

313 RT-gPCR for IFN-£ and ISGs. Total RNA was extracted from either non-
314  decidualized or decidualized T-HESC cells by using a TRIzol Plus RNA purification Kit,
315 followed by DNase | treatment (Invitrogen). cDNA was synthesized from total RNA (1
316  ug) using a SuperScript first-strand synthesis system (Invitrogen) with random hexamers.
317  SYBR green (Applied Biosystems) qPCR was performed with 50 ng of cDNA in a total
318  volume of 25 pl with the primer pair (250 nM) described in the Table S1. All reactions
319  were performed with an ABI 7700 Prism instrument (Applied Biosystems). mRNA
320 expression was calculated by using the relative quantification method to uninfected
321 samples after normalized to human glyceraldehyde-3-phosphate dehydrogenase
322  (GAPDH) mRNA expression.

323 Statistical Analysis. Prism GraphPad software v. 4.0 (www.graphpad.com) was

324 used for all statistical analyses. Comparison between two groups was performed using the

325  Student’s t-test.
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SUPPORTING INFORMATION CAPTIONS

Fig S1. Infection of HESC with Puerto Rico 2015 and Thailand 2013 ZIKV strains.

Fig S2. Time course of bioactive IFN-p release in response to ZIKV in T-HESC and dT-
HESC.

Table S1. Primers used in the study

Supporting experimental procedures
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Figure 1. Primary HESC are permissive to ZIKV productive infection. (A) Immunostaining for dsSRNA
and Flavi E of primary HESC infected with MR766 and INMI-1 ZIKV strains 72 h post-infection; Hoechst
was used to stain nuclei. Scale bar: 20 um. (B) Viral titers in HESC supernatant harvested 3 days after
infection as determined by a PFA in VERO cells. Mean + SEM of 8 independent donors in duplicate
cultures. Ns, not significant. (C) Viral RNA quantification in HESC supernatants harvested 3 days post-
infection as determined by ddPCR. Mean + SEM of 8 independent donors.
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Figure 2. Co-localization of ZIKV with calreticulin and vimentin in HESC. (A) Double
immunostaining for Flavi E and calreticulin in primary HESC either uninfected or infected with
MR766 and INMI-1 at 72 h post-infection; Hoechst was used to stain nuclei. Scale bar: 10 uym. (B)
Double immunostaining for dsRNA and vimentin in primary HESC either uninfected or infected with
MR766 and INMI-1 at 72h post-infection; Hoechst was used to stain nuclei. Scale bar: 10 pm.
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Fig 3. ZIKV infection of unstimulated and decidualized T-HESC cell line. (A) T-HESC (left) and
decidualized (d)T-HESC (right) were stained with anti-dsRNA or Flavi E mAbs whereas the nuclei
were stained with Hoechst. Scale bar: 20 ym. (B) Surface expression of AXL (red) and MER (blue) in
T-HESC (left) and dT-HESC (right) was determined by flow cytometry. The histograms of one
experiment representative of 3 independently performed are shown. Double immunostaining for Flavi
E and calreticulin (C) or vimentin (D) in T-HESC (left) and dT-HESC (right) either uninfected or
infected with MR766 at 72 h post-infection; Hoechst was used to stain nuclei. Scale bar: 10 pm.
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Figure 4. ZIKV replication, cytopathicity and induction of IFN-b and ISG expression in T-
HESC and dT-HESC. Kinetics of virus replication in T-HESC (left) and dT-HESC (right) were
measured by retrotitration of culture supernatants in Vero cells by PFA (A) and by ddPCR (B). (C)
Kinetics of cell death were measured by the activity of cell-associated adenylate kinase released
in cell culture supernatants. Open circles indicate uninfected cells. Time course of IFN- mRNA
(D), MXA (E) and OAS2 (F) expression in T-HESC (left) and dT-HESC (right) quantified by RT-
gPCR. The results are expressed as the fold induction of transcripts in ZIKV-infected cells relative
to those of uninfected cells. The results of one experiment representative of 3 independently
conducted are shown.
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