Supplementary Table S1. Characteristics of the GEO datasets and dataset-specific PRKACA expression analysis
	Dataset
	Cell source
	Cohort
	PCOS diagnostic criteria
	Important cohort features
	Analysis role
	Dataset-specific PRKACA expression

	GSE34526
	Gonadotropin-stimulated granulosa cells
	Control; PCOS non-IR; PCOS-IR
	Revised Rotterdam criteria
	PCOS stratified by insulin resistance; microarray cohort: Control, n = 3; PCOS non-IR, n = 3; PCOS-IR, n = 4
	Discovery cohort
	Higher in PCOS at the nominal significance level (logFC = 1.603, P = 0.0246), but not significant after FDR correction (FDR-adjusted P = 0.518)

	GSE10946
	Cultured cumulus cells
	Lean/overweight PCOS and controls
	Revised Rotterdam criteria; secondary causes excluded
	Stratified by BMI; cumulus cells cultured for 48 h
	Discovery cohort
	No significant difference (logFC = 0.072, P = 0.572; FDR-adjusted P = 0.999)

	GSE80432
	Granulosa cells
	Normal-weight non-PCOS; obese non-PCOS; normal-weight PCOS; obese PCOS
	Revised Rotterdam criteria
	Stratified according to PCOS and obesity status; four groups, n = 4 per subgroup
	External sensitivity analysis
	No significant difference (logFC = 0.017, P = 0.885; FDR-adjusted P = 0.996)

	GSE106724
	Ovarian granulosa cells
	Control; PCOS-N; PCOS-T
	Rotterdam criteria
	PCOS stratified according to androgen status; PCOS-N and PCOS-T represent PCOS with normal and elevated testosterone levels, respectively
	External sensitivity analysis
	No significant difference (logFC = 0.303, P = 0.348; FDR-adjusted P = 0.664)

	GSE98595
	Lutein granulosa cells
	Untreated non-PCOS controls and untreated PCOS samples used for the present comparison
	Rotterdam criteria
	Original study used a paired untreated/cabergoline-treated design; only untreated samples were included in the present PRKACA comparison
	External sensitivity analysis
	Lower in PCOS at the nominal significance level (logFC = −0.225, P = 0.0296), but not significant after FDR correction (FDR-adjusted P = 0.272)


Abbreviations: BMI, body mass index; FDR, false discovery rate; IR, insulin resistance; non-IR, without insulin resistance; PCOS, polycystic ovary syndrome; PCOS-N, PCOS with normal testosterone levels; PCOS-T, PCOS with elevated testosterone levels.
Note: Dataset-specific differential expression analyses of PRKACA were performed using limma. Both nominal and FDR-adjusted P values are reported to provide transparency regarding genome-wide multiple-testing correction. GSE80432, GSE106724, and GSE98595 were additionally analyzed during revision as independent external sensitivity datasets to assess the reproducibility and directionality of PRKACA expression across heterogeneous PCOS cohorts. These three datasets were not included in the original merged discovery cohort or candidate-gene selection procedure.

Supplementary Table S2. Demographic, endocrine, and ovarian stimulation characteristics of the clinical cohort
	Characteristic
	Control (n=6)
	PCOS (n=6)
	Test statistic
	P-value

	Age (years)
	31.33 ± 4.55
	30.00 ± 6.13
	t = 0.428
	0.678

	BMI (kg/m²)
	20.86 ± 1.98
	22.56 ± 3.09
	t = -1.133
	0.284

	Infertility type, n (%)
	
	
	-
	1.000

	Primary Infertility
	3 (50.00%)
	4 (66.67%)
	
	

	Secondary Infertility
	3 (50.00%)
	2 (33.33%)
	
	

	Duration of infertility (years)
	3.00 ± 1.90
	3.00 ± 1.79
	t = 0.000
	1.000

	FSH (mIU/mL)
	5.22 ± 0.98
	4.44 ± 0.76
	t = 1.537
	0.155

	LH (mIU/mL)
	3.54 ± 1.19
	4.42 ± 1.60
	t = -1.083
	0.304

	PRL (ng/mL)
	14.92 ± 5.19
	18.23 ± 6.95
	t = -0.937
	0.371

	Basal E2 (pg/mL)
	23.00 (13.00–36.00)
	16.00 (15.00–17.75)
	U = 20.0
	0.818

	Progesterone (ng/mL)
	0.37 ± 0.25
	0.27 ± 0.11
	t = 0.883
	0.398

	Testosterone (ng/mL)
	0.31 ± 0.11
	0.39 ± 0.14
	t = -0.991
	0.345

	AMH (ng/mL)
	3.42 (2.19–4.72)
	5.86 (5.60–7.82)
	U = 0.0
	0.002

	Total gonadotropin dose (IU)
	2058.33 ± 670.57
	1737.50 ± 560.52
	t = 0.899
	0.390

	Duration of gonadotropin stimulation (days)
	10.83 ± 1.47
	10.33 ± 0.82
	t = 0.728
	0.484

	On the hCG trigger day
	
	
	
	

	Endometrial thickness (mm)
	12.25 ± 2.15
	10.48 ± 1.76
	t = 1.558
	0.150

	Serum E2 (pg/mL)
	2549.50 (2357.25–3103.25)
	3916.50 (2124.75–4726.50)
	U = 15.0
	0.699


Abbreviations: AMH, anti-Müllerian hormone; BMI, body mass index; E2, estradiol; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; LH, luteinizing hormone; PCOS, polycystic ovary syndrome; PRL, prolactin.
Note: Normally distributed continuous variables are presented as mean ± standard deviation (SD), non-normally distributed continuous variables as median (interquartile range), and categorical variables as n (%). Normality was assessed separately within each group using the Shapiro–Wilk test. Normally distributed continuous variables were compared using two-tailed independent-samples Student’s t-tests after confirmation of homogeneity of variance, whereas variables with a non-normal distribution in either group were compared using the Mann–Whitney U test. Infertility type was compared using Fisher’s exact test. All tests were two-sided, and P < 0.05 was considered statistically significant.



Supplementary Table S3. Transfection reagents and constructs used in this study
	Experimental use
	Label
	Construct / reagent
	Target / control
	Sequence or insert information
	Vector / backbone
	Amount used

	PRKACA knockdown
	shNC
	Negative-control shRNA plasmid
	Non-targeting control
	TTCTCCGAACGTGTCACGT
	pGPU6/Neo
	2.5 µg/well

	PRKACA knockdown
	KD1
	PRKACA-Homo-1056
	PRKACA
	CGCTTTGGGAACCTCAAGAAT
	pGPU6/Neo
	2.5 µg/well

	PRKACA knockdown
	KD2
	PRKACA-Homo-331
	PRKACA
	CCCACTTGGATCAGTTTGAAC
	pGPU6/Neo
	2.5 µg/well

	PRKACA knockdown
	KD3
	PRKACA-Homo-838
	PRKACA
	CTGAGATTATCCTGAGCAAAG
	pGPU6/Neo
	2.5 µg/well

	PRKACA overexpression
	Vec
	Empty pcDNA3.1(+) vector control
	Vector control
	No insert; pcDNA3.1(+) backbone without PRKACA insert
	pcDNA3.1(+)
	2.5 µg/well

	PRKACA overexpression
	OE
	pcDNA3.1(+)-PRKACA
	PRKACA
	NM_002730.4; full-length PRKACA CDS, 1056 bp; BamHI/EcoRI cloning sites
	pcDNA3.1(+)
	2.5 µg/well


Note: shNC, negative-control shRNA plasmid; KD, PRKACA shRNA-mediated knockdown; Vec, empty vector control; OE, PRKACA overexpression; CDS, coding sequence. In the manuscript figures, KD denotes the selected PRKACA knockdown construct used in downstream experiments.
All constructs and reagents listed in this table were supplied by GenePharma (Shanghai, China). The shRNA sequences indicate target sequences in the 5'-3' direction.


Supplementary Table S4. Primary antibodies used for western blotting
	Target
	Manufacturer
	Catalog No.
	Host species
	Antibody type / clone
	Working dilution

	PRKACA (PKA C-alpha)
	HUABIO
	HA723003
	Rabbit
	Recombinant monoclonal [PSH08-57]
	1:2,000

	Phospho-CREB (Ser133)
	HUABIO
	ET7107-93
	Rabbit
	Recombinant monoclonal [JB25-40]
	1:1,000

	CREB
	HUABIO
	HA723754
	Rabbit
	Recombinant monoclonal [PSH15-48]
	1:30,000

	GRP78/BiP
	Proteintech
	11587-1-AP
	Rabbit
	Polyclonal
	1:2,000

	CHOP/DDIT3
	HUABIO
	HA722854
	Rabbit
	Recombinant monoclonal [PSH07-65]
	1:5,000

	CYP19A1
	Proteintech
	16554-1-AP
	Rabbit
	Polyclonal
	1:1,000

	BCL2
	HUABIO
	HA721235
	Rabbit
	Recombinant monoclonal [PD01-41]
	1:5,000

	BAX
	HUABIO
	ET1603-34
	Rabbit
	Recombinant monoclonal
	1:20,000

	Pro-Caspase-3
	HUABIO
	ET1602-39
	Rabbit
	Recombinant monoclonal [SR03-01]
	1:3,000

	GAPDH
	Abcam
	ab8245
	Mouse
	Monoclonal [6C5]
	1:10,000


[bookmark: _GoBack]Note: The table lists primary antibodies only. Horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (Abcam, ab6721; 1:5,000) and goat anti-mouse IgG (Abcam, ab6789; 1:10,000) were used as secondary antibodies as appropriate.
