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Structured Abstract:

Objective: To determine whether TOP5300, a novel oral follicle stimulating hormone receptor 

(FSHR) allosteric agonist, elicits a different cellular response than recombinant human FSH 

(rh-FSH) in human granulosa cells from in vitro fertilization patients.

Design: Basic science research with a preclinical allosteric FSHR agonist.

Subjects: Infertility patients at a single academic fertility clinic were recruited under an IRB-

approved protocol. Primary granulosa cell cultures were established for 41 patients, of which 
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8 had normal ovarian reserve (NOR), 17 were of advanced reproductive age (ARA), 12 had a 

diagnosis of polycystic ovarian syndrome (PCOS), and 4 had a combination of diagnoses, such as 

ARA and PCOS.

Interventions: Primary granulosa-lutein cell (GLC) cultures were treated with rh-FSH, 

TOP5300 or vehicle.

Main Outcome Measures: Estradiol production by ELISA, steroid pathway gene expression 

of StAR and aromatase by quantitative polymerase chain reaction, and FSH receptor membrane 

localization by immunofluorescence were measured in human GLC.

Results: TOP5300 consistently stimulated estradiol production among NOR, ARA and PCOS 

patients. Recombinant FSH was the more potent ligand in GLC from NOR patients but was 

ineffective in cells from ARA or PCOS patients. The lowest level of FSHR plasma membrane 

localization was seen in patients with ARA (p<0.0001) while FSHR localization was more 

abundant in cells from PCOS patients (p = 0.0299); the highest levels were present in cells from 

NOR patients. Localization of FSHR was not affected by TOP5300 relative to rh-FSH among 

any patient group. TOP5300 stimulated greater expression of StAR (p=0.008) and CYP19A1 

(p=0.006) across cells from all patients (NOR, ARA and PCOS combined), while rh-FSH was 

unable to stimulate StAR and aromatase (CYP19A1) expression in cells from PCOS patients. 

TOP5300-induced expression of StAR and CYP19A1 mRNA among ARA and NOR patients were 

consistently lower than those observed in cells from PCOS patients.

Conclusion: TOP5300 appears to stimulate estradiol production and steroidogenic gene 

expression from GLC more than rh-FSH in PCOS, relative to ARA and NOR, patients. It does 

not appear that localization of FSHR at cell membranes is a limiting step for TOP5300 or rh-FSH 

stimulation of steroidogenic gene expression and estradiol production.

Capsule:

TOP5300, an oral FSH receptor allosteric agonist (FSHR), stimulates estradiol production and 

steroidogenic gene expression from granulosa-lutein cells of polycystic ovarian patients differently 

than recombinant FSH.
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Introduction:

Infertility affects 15% of couples worldwide (1–3). Demand by patients and physicians 

for more convenient COS-IVF cycles led to the development of corifollitropin (Elonva, a 

long-lasting fusion protein injection that replaces an average of 7 days of FSH injections). 

Among patients who had a previous COS-IVF cycle with daily FSH injections, there was a 

75% preference for corifollitropin (4). However, neither oocyte retrieval rates per cycle start 

or clinical pregnancy rates were significantly improved by 120–240 IU of corifollitropin 

compared to 150 IU of daily recombinant gonadotropin in antagonist-controlled cycles (5, 

6, 7). In an effort to improve pregnancy rates of COS-IVF cycles, the addition of luteinizing 

hormone (LH) [HP-hMG (8) or rLH (9)] either increased pregnancy rates in women of 
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advanced reproductive age (>35) or had no impact on clinical pregnancy rates (10). Recent 

meta-analyses support the addition of r-LH to r-FSH COS for discrete populations (11–12).

Oral FSH receptor allosteric agonists offer a remarkably more convenient method 

of administration than subcutaneously injected hormones. Beyond the recognizable 

convenience benefit, FSHR allosteric agonists may offer unanticipated clinical benefits (13, 

14). In the 21st century, access to a single class of therapies (injectable gonadotropins) may 

present a barrier for personalized therapeutics for subsets of the infertility patient population. 

Among polycystic ovarian syndrome (PCOS) patients (15), overcoming the impediments of 

androgen excess and insulin resistance with a new mechanism of receptor activation may 

avoid low rates of maturation of small antral follicles into preovulatory follicles. Among 

advanced reproductive age (ARA, age >35) patients, or those with diminished ovarian 

reserve (DOR), overcoming low ovarian response and lower quality oocytes are the primary 

concern, relative to patients with normal ovarian reserve (NOR). The cause of infertility 

varies for each of these groups, and it is reasonable to anticipate that new personalized 

therapeutics will emerge to address each of their needs. Access to an allosteric agonist with 

a different mechanism of action than rh-FSH on its receptor may provide an opportunity for 

personalized therapy for some, or all, of these patient subsets.

Although administration of an oral FSHR/LHR agonist is acknowledged to provide greater 

patient convenience than daily injectables, evidence that an allosteric agonist contributes 

a unique mechanism of receptor activation that leads to a clinical benefit remains to be 

shown. Current evidence favors a mechanism for allosteric agonists of GPCRs to bypass 

the extracellular domain (glycoprotein FSH binding site) and impose changes in the 

transmembrane helices, extracellular loops and hinge domain helix (16–18). Although both 

agonists stimulate adenylyl cyclase, some allosteric agonists exert biased agonism through 

Gαi, PKB/Akt, and MAPK pathways (19–20), shown previously to be stimulated by rh-FSH 

(21). However, it is unclear if biased signaling confers a meaningful clinical advantage, 

partly because allosteric agonists have yet to advance beyond phase 1 clinical trials. The 

following experiments were conducted to identify whether TOP5300 offers a measurable 

biochemical benefit in granulosa cells for subsets of infertility patients prior to evaluation of 

a biophysical biased agonist mechanism of TOP5300.

A summary of the physical and biochemical properties of TOP5300 and rh-FSH (follitropin-

α) is provided (Supplemental Table 1). Follitropin-α is 42-fold larger molecule than 

TOP5300, although both ligands have similar pharmacokinetic properties in rodents. The 

following studies were designed to test whether the two ligands stimulate the FSHR-

dependent steroidogenic pathway differently in human granulosa-lutein cells (GLC) of 

patient populations with known differences in response to COS (ARA, PCOS or NOR).

Materials and Methods:

Collection of human granulosa cells

Patients undergoing IVF at Texas Children’s Hospital Family Fertility Center with the 

diagnosis of NOR, PCOS or ARA (Supplemental Table 2) were consented pre-operatively 

on the day of transvaginal oocyte aspiration under the Baylor College of Medicine IRB 
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H-18323. The oocytes were collected from the follicular fluid by the embryologists and 

the discarded follicular fluid was transferred to research personnel. A total of 41 patients 

were consented, and viable primary granulosa cell cultures were established for each patient 

(Supplemental Table 2). Multiple endpoints (estradiol ELISA, qPCR, immunofluorescence) 

were measured on the same individual patient sample. Cycle characteristics are noted in 

Supplemental Table 3.

Granulosa-lutein culture and compound treatment

Granulosa-lutein (GL) cell cultures were established using a previously described protocol 

(22, 23) to re-sensitize cells to rh-FSH. Of note, patient samples were not pooled; FSHR 

agonist treatments were applied individually to each primary culture established for each 

patient. On day 7, growth media was removed from 96-well plates and replaced with 

stimulation media [DMEM-F12, 0.1% BSA, fungizone, penicillin (100 IU/ml), streptomycin 

(100 μg/ml) and 10−7 M androstenedione (Steraloids, Newport, RI)] without FBS. After 

a 24hr starvation period, compounds (rh-FSH or TOP5300) at varying concentrations 

previously shown to be effective in hGLC (23) were added. Recombinant human FSH 

[National Hormone Pituitary Program (AFP8468A and AFP8821A NHPP, Torrance, CA] 

or TOP5300 (21) were added. Following 6hr, 24hr (day 9), or 48hr (day 10) incubation, 

conditioned media was collected for estradiol ELISA. RNA was collected from lysed 

cells at 6hr for quantitative polymerase chain reaction (qPCR) studies. Additional cell 

cultures were fixed with 4% PFA (Thermo Fisher, Waltham, MA) after a 6hr incubation for 

immunofluorescence (IF) studies.

Immunofluorescence studies targeting FSHR localization

Initial immunofluorescence experiments were conducted on Chinese Hamster Ovary (CHO)-

parental cells and CHO-hFSHR cells (transfected with human FSHR) to confirm binding 

to human FSHR by the antibody 106–105 [24; provided, courtesy of Dr. David Schomberg 

(Duke University)]. CHO cells (-parental and -hFSHR) were grown to 75% confluence 

[DMEM-F12 with 10% FBS in T75 cell culture flasks (Corning, Corning, NY)] and then 

trypsin-released from flasks and plated on glass-bottom 96 well plates (Greiner Bio-One, 

Monroe, NC), at a density of 2500 cells/well.

To confirm that cells identified by 106–105 binding were granulosa cells, FOXL2 antibody 

staining [Dagmar Wilhelm at University of Melbourne (courtesy of Joanne Richards, Baylor 

College of Medicine)] was performed. Cells were fixed in 4% PFA at room temperature 

for 15 min, blocked in 3% BSA in TBS and then immunolabeled with FSHR antibody 

(1:500) and FOXL2 (1:1000) antibodies at 4C. After washes, secondary antibodies (1:1000, 

Alexa488 and Alexa 647 conjugates) were applied at room temperature for 30 minutes 

before adding DAPI as a nuclear counterstain for 5 minutes. Imaging was performed on 

the CV8000 high throughput spinning disk confocal (Yokogawa, Japan) with a 20xLWD 

objective, 9 FOV/condition, with a 4μm z-stack and max intensity projection. Image analysis 

was performed automatically with CellPathfinder (Yokogawa, Japan). For double FSHR/

FOXL2 immunofluorescence experiments, cells were first immunolabeled for FSHR as 

described above, then post-fixed to maintain the antibody binding. A second round of 

immunolabeling for FOXL2 was performed using saponin as a detergent to allow for nuclear 
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labeling, and to discriminate FSHR localized to the cell membrane in cells that expressed 

FOXL2 in the nucleus.

First, nuclei were identified using classic thresholding based on the DAPI channel. Size 

and intensity filters were applied to eliminate small and bright objects (usually dead cells, 

mitotic cells, debris). From the DAPI mask, a median filter was applied to the FSHR 

channel to identify the signal boundaries irradiating from the nuclear mask. This secondary 

mask is considered the cell mask. Masks touching the boundaries of the image field of 

view were removed. Touching cells are split using a watershed algorithm. Features are then 

extracted from the channels using the masks described above and further analyzed. Data was 

exported as CSV file containing intensity features and analyzed further in Microsoft Excel 

and GraphPad Prism (San Diego, CA, United States). Statistical analysis involved 2-way 

ANOVA and paired t-tests. p values less than 0.05 were considered statistically significant.

Estradiol measurement

Conditioned media was collected following a 48hr treatment of the human granulosa 

cells, and stored at −80°C. Estradiol ELISA assays were performed using kit instructions 

(DRG International, Springfield, NJ). Optical densities were measured using a Tecan plate 

reader (Lifesciences, Mannedorf, Switzerland). Data was analyzed in Microsoft Excel and 

GraphPad Prism (San Diego, CA, United States). Progesterone concentrations in media were 

measured by the Immunoassay Core (University of Virginia). Values from different patients 

were averaged per patient group (NOR, PCOS, ARA), and per compound treatment dose.

Gene expression studies targeting steroid enzymes

Purified RNA was extracted using TRIzol (Thermo Fisher, Waltham, MA), and precipitated 

at −80°C following addition of 10μg of glycogen (Thermo Fisher, Waltham, MA). The RNA 

pellet was air-dried for 10–15 min and resuspended in 12μl of RNAse/DNAse free water 

(Qiagen, Hilden, Germany). TaqMan master mixes, reagents and probes targeting GAPDH, 

StAR and CYP19A1 were subsequently used following kit instructions (Thermo Fisher, 

Waltham, MA). Data was analyzed in Microsoft Excel and GraphPad Prism (San Diego, 

CA, United States). Results with standard error are presented. Analysis of variance was 

performed, and p< 0.05 was considered statistically significant.

Results:

Clinical features

Total units of FSH administered during COS (recombinant and urinary) were similar for 

NOR and PCOS patients, while ARA patients received approximately 1000 IU more FSH 

over the COS protocol (p=0.008; [Mean +/− SEM] NOR: 2350+/−305; ARA: 3337+/−351; 

PCOS: 2169+/−233 IU). Menopur was administered at similar doses to all patient groups 

([Mean +/−SEM] NOR: 1500+/−189; ARA: 1746+/−166; PCOS: 1598+/−189), with the 

exception of 1 patient in the NOR group and 2 patients in the PCOS group. Plasma AMH 

levels provided confirmation of the ovarian reserve anticipated for patients recruited for 

this study (NOR: 4.3+/−0.64, n=8; PCOS: 6.97+/−3.96, n=12; and ARA: 2.60+/−0.46, 

n=17) and conform to the reference values for NOR (3–6) PCOS (>6) and ARA (1–3) at 
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Texas Children’s Hospital Family Fertility Center. Plasma levels of AMH were significantly 

different between NOR and PCOS patients (p=0.002, one-tail t-test), but were not different 

between NOR and ARA groups (p=0.5; Supplemental Table 2).

Steroid production by FSH receptor agonists

We confirmed in a small set of patients that TOP5300 stimulated estrogen production from 

human GLC in vitro with a response that was similar to our previous report (23) and 

maintained visibly different responses for TOP5300 compared to recombinant FSH, after 

48hr (Figure 1; compare to Ref 23, Fig 10). Estradiol production from GLC of NOR patients 

was comparable between rh-FSH and TOP5300, while the EC50 of rh-FSH was 100-fold 

lower (more potent) than the EC50 of TOP5300. In this small set of patients, TOP5300 

led to greater production of estradiol when compared to rh-FSH in cells obtained from 

PCOS patients (Figure 1). Progesterone production by GL was stimulated 2–3-fold by both 

TOP5300 and rh-FSH, was independent of patient diagnosis, but was markedly influenced 

by ovulation trigger (Supplemental Table 4). Because steroid production over 48hr was 

highly variable among patients, we redirected our analyses towards expression of 2 critical 

steroidogenesis genes over 6 hours culture with FSHR ligands.

Immunofluorescence with FSHR antibody 106–105

The FSHR antibody 106–105 confirmed localization of the FSHR at the plasma membrane 

of CHO-FSHR cells as compared to CHO-parental cells (Supplemental Figure 1). Patient-

derived hGL cells identified by 106–105 antibody were confirmed to be granulosa cells 

with a second granulosa cell-specific antibody that recognizes FOXL2 (visible as nuclear 

red signal; Supplemental Figure 2). A consistent trend for FSHR expression in GL among 

rh-FSH and TOP5300 was modest expression of FSHR at cell membranes and within 

cells under basal conditions. NOR patients had the highest detectable FSHR levels at the 

cell surface (Figure 2) while PCOS patients had moderately less FSHR localization, and 

ARA patients had significantly less FSHR localization compared to NOR. Quantitative 

analysis of FSHR detection in GL suggested that localization of FSHR in GLC from 

patients was not influenced by ligand type (rh-FSH, TOP5300) (Figure 3). Incubation with 

up to 100nM rh-FSH or 400 nM TOP5300 had minimal effect on FSHR localization, 

eliminating competition between rh-FSH and antibody 106–105 as a potential cause for 

changes in antibody binding to the extracellular region of the receptor. Representative 

FSHR-only stained GLCs are presented in Supplemental Figure 3. Of note, the cells were 

not permeabilized to enable anti-FSHR antibody to reach intracellular sites; a membrane 

marker was not used given that detergent was not used during the FSHR immunolabeling 

indicating that the signal detected was most likely from cell surface or near cell surface 

antigens.

Gene expression: qPCR results

Levels of mRNA for StAR and CYP19A1 were determined by qPCR and normalized 

to GAPDH to determine fold-change in the steroidogenic pathway mRNAs by TOP5300 

relative to rh-FSH. As a first step in this analysis, collective changes in gene expression 

caused by 400 nM TOP5300 or 100 nM rh-FSH relative to basal levels were measured 

among all patients. Among all patient groups, TOP5300 stimulated a 6-fold increase in 
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relative StAR expression compared to vehicle control (p=0.0002) and rhFSH stimulated 

a 3-fold increase (p=0.008) in StAR (Figure 4a). Similarly, TOP5300 stimulated a 4-fold 

increase in CYP19A1 (p=0.0017), while rh-FSH stimulated a 2-fold increase (p=0.006; 

Figure 4b). These results suggested that TOP5300 (400nM) was more effective agonist 

of steroidogenic gene expression than rh-FSH (100nM). Next, ligand-specific responses 

among the 3 selected patient populations (2-way ANOVA, ligand x patient population) 

were determined to be significantly different (p=0.0105) across the 2 steroidogenic enzyme 

mRNAs (both StAR and CYP19A1). TOP5300 stimulated increased expression of StAR 

and CYP19A1 mRNA (6-fold; p=0.0412) in GLC from PCOS patients, while rh-FSH 

was without effect (p=0.765; Figure 4c). In contrast, both rh-FSH (3-fold; p=0.007) and 

TOP5300 (5-fold; p<0.0001) stimulated increased expression of StAR and CYP19A1 among 

NOR and ARA patient cells (Figure 4d). Heterogeneity of GL cell responses of PCOS 

patients to TOP5300 and low patient volume during 2019–2021 (COVID-19 restrictions) 

limited our ability to statistically test for independent changes in StAR from effects of 

CYP19A1 among the 3 patient populations.

Discussion:

There are 4 key observations from this study that are an expansion of our efforts to 

discover and characterize novel FSHR allosteric agonists. First, we have extended our 

previous observation on steroid production; TOP5300 stimulated estradiol production in 

a concentration-dependent manner in GLC, in a manner similar to rh-FSH. Second, the 

localization of FSHR at plasma membranes in GLC is significantly reduced in ARA relative 

to NOR patients, and the mechanism of action of TOP5300 does not appear to rely on 

changes in receptor levels at the cell membrane relative to rh-FSH. Third, steroidogenic 

enzyme expression (StAR and CYP19A1) by rh-FSH and TOP5300 was increased similarly 

in NOR and ARA patients, while TOP5300 had unique potential to increase expression of 

StAR and CYP19A1 in cells from a limited number of PCOS patients compared to rh-FSH. 

Fourth, results with TOP5300 suggest there is underlying heterogeneity in the response 

of cells from patients to FSHR allosteric agonists, suggesting that in the future, favorable 

responses in a subset of patients (e.g., PCOS, Rotterdam criteria) may be identified with 

FSHR allosteric agonists that cannot be identified with rh-FSH.

The COS-IVF protocols used across the 3 patient populations incorporated peptide GnRH 

antagonist-controlled cycles. Among recruited patients, plasma AMH levels (in addition 

to antral follicle counts) provided confirmation of the ovarian reserve and conformed to 

the reference values for NOR (3–6) PCOS (>6) and ARA (1–3) at the Family Fertility 

Center in Houston, TX. Doses of follitropin (recombinant or urinary) used for COS followed 

anticipated responses of patient populations, i.e., more FSH was required for ARA than 

NOR and PCOS.

TOP5300 leads to greater estradiol production in PCOS patients

Differences in estradiol production and steroidogenic enzyme expression between patient 

groups treated with rh-FSH were anticipated, based on prior results (23). GLC from PCOS 

patients were responsive to TOP5300 while these same cells were not responsive to rh-FSH. 
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In this small set of patient-derived cell cultures, TOP5300 stimulated 3–10-fold greater 

levels of estradiol in culture media from PCOS and ARA patients than was achieved with rh-

FSH. The variability in estradiol release from GL cultures (48hr treatment) among all patient 

subgroups influenced our decision to shift our sample analyses towards gene expression 

(6hr compound treatment), rather than to continue to collect cells for estradiol production. 

Although TOP5300 has some CG/LHR activity (85% FSHR/15% LH/CGR activity; EC50 

rat GC = 868 nM; EC50 rat LHR = 6,516 nM; EC50 human granulosa-lutein cells = 474 

nM), TOP5668, is a highly specific FSHR agonist (no detectable LHR activity in vitro 
or in vivo), and it was previously shown to be the more potent FSHR agonist in human 

GL cultures (23). TOP5300 and TOP5668 represent single chemical entities suitable for 

either FSHR+LH/CG-R combined stimulation with a single molecular entity, or FSHR-only 

stimulation as convenient products for future evaluation in COS-OI and COS-IVF protocols.

TOP5300 leads to greater expression of steroid enzymes

Previous research with freshly-harvested granulosa cells from control and PCOS patients 

showed 2-fold higher expression of CYP19A1 and 2.5-fold higher expression of StAR in 

GLC retrieved from PCOS patients after COS compared to control patients (25). These 

observations are opposite of those reported in previous analysis of CYP19A1 expression 

from GLC of PCOS and non-PCOS patients (26). In line with the Owens report (25), our 

limited results replicates that rh-FSH increases expression of both StAR and CYP19A1 

across NOR, PCOS and ARA patient groups. Our additional observation was that TOP5300 

induced greater expression of both steroid enzymes compared to rh-FSH (in vitro, Figure 

4) across all patient subgroups. It is possible that the greater impact of TOP5300 on 

steroidogenic gene expression reported in this study could be explained by its 15% 

additional activity on LHR, on top of its allosteric effects on FSHR, in a manner previously 

described (27). Our results with only a limited set of patients suggest that more extensive 

evaluation of the effects of TOP5300 and TOP5668 in larger sets of patient-derived GLC 

is needed to more clearly define clinical potential for these compounds in patient subsets 

(PCOS patients suggested by this work) that can be distinguished from effects of rh-FSH.

Documented molecular contributors to dysregulated steroidogenesis in GLC from PCOS 

patients include hyperandrogenemia, insulin resistance, and elevated AMH. Higher 

concentrations of androgen precursors, total androgens, and lower concentrations of 

estrogens have been measured in the follicular fluid of PCOS patients (days 4–7 in the 

follicular phase) (26, 28–29). A potential contributor to hyperandrogenemia is higher 

expression of LH receptor in smaller antral follicles (25). The integrity of insulin signaling is 

essential for optimal expression of FSHR-dependent biochemical responses. FSH-stimulated 

increase in IRS-2 mRNA is associated with activation of PI3K/p-Akt, however, IRS-2 

expression and activation of these pathways are defective in cultured GL from PCOS 

patients (25–26, 29–30). The essential involvement of PI3K/p-Akt, IGF-1R and IRS-1, and 

associated phosphatases, has been established for the FSHR (25, 29), and disruption of 

IRS-1/IRS-2 impacts metabolic control of follicular development. AMH inhibits progression 

of primary and secondary to antral follicles. Serum AMH levels have been reported to be 

2–5 times higher in women with PCOS, including levels that are higher in women with 

anovulatory cycles than women with ovulatory PCOS (31–38). AMH has been shown to 
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inhibit both FSH-stimulated and LH-stimulated StAR and CYP19A1 gene expression in 

GLC cultures (39). Summarizing for PCOS, all three molecular pathways contributing to 

the PCOS phenotype are likely to influence the reduced responsiveness to rh-FSH in GLC 

in these experiments. It remains to be determined in larger sets of GLC results whether 

TOP5300 relative to rh-FSH may bypass signaling impediments within follicular cells (35–

41) associated with the molecular phenotypes of PCOS.

Conclusions:

We have provided early evidence that TOP5300 induces robust steroidogenic enzyme gene 

expression in GLC obtained from patients with PCOS, compared to GLC from NOR or 

ARA patients (summarized in Supplemental Figure 4). Changes in estradiol secretion from 

cultured GLC followed the effects of TOP5300 relative to rh-FSH on gene expression. 

The efficacy of TOP5300 relative to rh-FSH in PCOS patients was independent of ligand-

dependent changes in FSHR localization to plasma membranes observed for ARA patients. 

TOP5300 may provide a possible alternative to rh-FSH for COS for PCOS patients, based 

on its apparent ability to stimulate greater estradiol production and lead to greater expression 

of steroidogenic genes. These results inspire translation of TOP5300 into clinical measures 

of efficacy and safety.

Limitations of the present work

First, this work was designed to present a first glimpse into the clinical potential for novel 

FSHR ligands to cause responses that may address unmet needs for couples seeking COS 

solutions in the future. Second, although conduct of these studies with less-luteinized cells 

would be preferred over mural (36), the various comparisons of TOP5300 relative to rh-FSH 

could not have been possible with limited numbers of cells/patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Steroidogenic response of GL to TOP5300 and rh-FSH varies among 3 patient populations 

evaluated. Estradiol secretion in response to ligands was measure after 48h stimulation in 

NOR (A), PCOS (B) and ARA (C) patients. Data is mean +/− SD. (a) NOR patients, n=2; 

(b) PCOS patients, n=4; (c) ARA patients, n=4.
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Figure 2. 
The abundance of FSHR localized to the plasma membrane within cultured GL was 

significantly influenced by patient diagnosis. FSHR localized to the plasma membrane of 

GLC were quantitated for each patient diagnosis group and comparisons were made across 

patient groups. [Average total intensity of fluorescence of the FSHR per cell captured at 

20x/LWD on a high throughput spinning disk confocal and analyzed using CellPathfinder]. 

Statistical analysis involved 2-way ANOVA and paired t-tests. Patients with ARA have 

significantly less FSHR localization in comparison to the NOR group, p < 0.0001.
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Figure 3. 
FSHR localization after FSHR ligand treatment demonstrates minimal changes in FSHR at 

the plasma membrane. Granulosa cells were treated with either rh-FSH or TOP5300 for 6 

hours and average total intensity of FSHR at the plasma membrane was measured as in 

Figure 2. The effect of ligand-induced FSHR localization was not significantly different for 

either rh-FSH or TOP5300. NOR n=4, PCOS n=7, ARA n=4. Standard errors are plotted.
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Figure 4. 
TOP5300 stimulates greater expression of STAR and CYP19A1 than rh-FSH following 6 hrs 

of culture and stimulates more robust response among PCOS patients compared to NOR or 

ARA patients. Steroid enzyme expression (determined by qPCR; see Materials & Methods) 

for basal, rh-FSH and TOP5300 treated cells were analyzed (ANOVA) for each compound 

and comparisons were made among patient diagnoses and FSHR agonist treatments. 

Expression of STAR (A) and CYP19A1 (B) in GLC was found to be significantly higher 

in TOP5300 treated cells than rh-FSH-treated cells (n = 6). (c) Integrated expression of 

StAR and CYP19A1 was significantly higher in TOP5300 treated cells compared to rh-FSH-

treated cells for PCOS patients, while rh-FSH was similar to basal levels (n = 6). (d) 

Integrated expression of StAR and CYP19A1 was stimulated significantly above basal by 

both TOP5300 and rh-FSH, while the difference between the two ligands was not different 

in cells from NOR or ARA patients (n = 6). Mixed effects, 2-way ANOVA.
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