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S1: mRNA extraction and cDNA synthesis.
After successfully isolating the circulating tumor cells (CTCs), the cells were subjected to lysis using 300 µL of a lysis/binding buffer, specifically the Dynabeads mRNA Direct Kit from Invitrogen. To ensure a thorough breakdown of the cell membranes and release of the cellular contents, the lysing solution was mixed gently but consistently using a pipette, continuing this action until the lysing process was deemed complete.

For the extraction of the mRNA from the lysed cells, a solution containing 20 µL of magnetic beads of 2.8-µm diameter was introduced. These beads, identified as Dynabeads Oligo(dT)25 by Invitrogen, had been pre-washed and were recognized for their specialized ability to selectively adhere to the poly A tails found in mRNA. Once added, the lysed cell solution and the beads were allowed to mix and incubate for a span of 5 minutes. This was a crucial step, ensuring that the oligo-dT beads effectively bound to the mRNA present within the sample.

Following this binding phase, magnetic separation was used to isolate the mRNA-bound beads from the rest of the sample. This was achieved by placing the sample solution on a magnet for about 3 minutes. Adhering to the manufacturer's guidelines, the collected beads underwent a rigorous washing regimen: initially with washing buffer A (700 µL) on two separate occasions, followed by three washes with washing buffer B (700 µL). These washes were of paramount importance in guaranteeing the elimination of any undesired impurities or contaminants.

Subsequently, to separate the mRNA from the beads, an elution buffer (10 mM Tris-HCL pH 7.5) in a volume of 10 µL was administered. This mixture was then subjected to a temperature of 75°C for a brief period of 2 minutes. Post this incubation, the sample tube was once more placed on a magnet. This allowed for the mRNA templates to attach to the magnet, enabling the transfer of the elution buffer, now containing the isolated mRNA, to a fresh PCR tube. This meticulous transfer set the stage for the impending cDNA synthesis.

The final stage involved converting the eluted mRNA templates into cDNA. For this, 10 µL of 0.1% diethylpyrocarbonate (DEPC)-dissolved AccuPower CycleScript RT PreMix (dT20) from Bioneer was used. This mRNA was combined with the pre-prepared RT solution. The combined solution was then left to incubate in a thermal cycler at 42°C for a substantial 90-minute period. This duration was essential for facilitating the reverse transcription process, converting the mRNA into its complementary DNA (cDNA) form. To ensure a complete stoppage of the reaction and to deactivate any lingering RNases, the solution was exposed to a temperature of 95°C for 5 minutes. Once synthesized, the cDNA samples were safely stored – either at a temperature of 4°C for analysis on the subsequent day or at a much colder −75°C for more extended storage and future analysis.
S2: Procedure of pre-amplification
The multiplex PCR technique, specifically the endpoint approach, was utilized to meticulously evaluate the primer sets specifically designed to target genes that are linked to cancer. These genes include PSA, PSMA, EpCAM, and KRT-19. For the reader's reference, a detailed list of the specific primer sets that were utilized during the pre-amplification process can be found in Table S1.

In terms of preparation for the cDNA templates, the procedures outlined in Section S3, which were previously mentioned, were rigorously adhered to. Delving deeper into the pre-amplification phase, an amount of 5 µL of the cDNA template was meticulously mixed with the multiplex PCR supermix. This supermix was sourced from AccuPower Multiplex PCR PreMix by Bioneer. In addition, both forward and reverse primers were added to the mix. The final concentrations of these primers were set at 100 nM, with a volumetric measurement of 10 pmol/µL, all in strict alignment with the guidelines provided by the manufacturer. This carefully prepared mixture then underwent the pre-amplification process.

Detailing the precise PCR conditions: The process commenced with an initial denaturation phase, where the mixture was exposed to a temperature of 95°C for a span of 10 minutes. This was succeeded by 18 iterative cycles. Each of these cycles consisted of three distinct phases – a denaturation phase at 95°C for 30 seconds, an annealing phase at 56°C lasting for a minute, and finally, an extension phase at 72°C for 30 seconds. To cap off the process and ensure a thorough and complete amplification, a final extension step was introduced, where the mixture was maintained at 72°C for an additional 10 minutes.

By adhering to these specifically curated PCR conditions and strictly following the manufacturer's detailed instructions, the endpoint multiplex PCR method proved to be highly effective. It facilitated a comprehensive evaluation of the primer sets intended for the aforementioned cancer-linked genes. This precision-driven approach paved the way for further intricate analysis and insightful interpretation of the results that were garnered.

S3: Procedure of final detection of target genes using ddPCR
The droplet digital PCR (ddPCR) method was employed as a cutting-edge technique to meticulously measure and analyze both the undiluted original templates and those that were subsequently serially diluted after pre-amplification. To assist researchers in the process, a comprehensive list of primer sequences, alongside the product sizes pertinent to the target genes under consideration, is presented in Table S1 for reference.

Every template synthesized from cDNA was methodically diluted by a factor of 1/20. This diluted mixture was then integrated with the specialized PCR supermix, specifically the QX200 ddPCR EvaGreen Supermix from Bio-Rad. To this supermix, a volume of 5 µL of the primer sets, designated for the target gene, was added. The final concentrations were maintained at 250 nM for each primer, which breaks down to 5 pmol/µL for both forward and reverse primers.

Taking the process a step further, to craft the individual droplets, the freshly prepared PCR mixture was channeled into a dedicated droplet-generating cartridge, identified as the DG8™ Cartridges meant for the QX100™/QX200™ Droplet Generator by Bio-Rad. This cartridge was also infused with 70 µL of the droplet generation oil, which is the Droplet Generation Oil specifically for EvaGreen by Bio-Rad. This assembled cartridge was then slotted into the QX200™ Droplet Generator, also a product of Bio-Rad.

Following the generation of these droplets, they were methodically transferred to a 96-well PCR plate. To ensure the integrity of the samples and prevent any evaporation, the plate was sealed using the PX1 PCR Plate Sealer from Bio-Rad. This securely sealed plate was then loaded onto a sophisticated PCR cycler, known as the GeneAmp® PCR System 9700, developed by Applied Biosystems. Detailing the exact PCR cycling protocol: it initiated with an enzyme activation segment at 95°C spanning 5 minutes. This was followed by a sequence of 40 cycles, each involving denaturation at 95°C for 30 seconds and then annealing and extension at 56°C for a minute. Post these cycling stages, the plate underwent a signal stabilization phase that comprised of incubation periods at 4°C for 5 minutes, followed by 90°C for another 5 minutes. Once stabilized, the plate's temperature was maintained at a steady 12°C up until the droplet reading phase.

The finale of this intricate procedure involved the droplets being read and analyzed using the QX200™ Droplet Reader by Bio-Rad. This phase was crucial for the quantification and subsequent analysis of the ddPCR outcomes.

Through the judicious use of the ddPCR technique, this detailed protocol paved the way for an accurate and in-depth measurement and analysis of both original and diluted templates. This data-rich approach was instrumental in shedding light on target gene quantification and has set the stage for ensuing scientific explorations.

Table S1. Primer sequences of pre-amplification and target gene detection (ddPCR)
	
	Gene
	Nucleotide sequence
	Primer sequence
	Product size (bp)

	Pre-amplification
	PSA

(Prostate specific antigen)
	NM_001648.2
NM_001030048.1
	F : 5’-GGTGATGACTCCAGCCAC-3’

R : 5’-CACGATGGTGTCCTTGATCC-3’
	435

	
	PSMA

(Prostate specific membrane antigen)
	NM_004476.2
NM_001014986.2
NM_001193471.2
NM_001193472.2
NM_001351236.1
	F : 5’-AGCATTTTTGGATGAATTGAAAGC-3’

R : 5’-TGGGTAACCTGGTGTGAGA-3’
	643

	
	EpCAM

(Epithelial cell adhesion molecule)
	NM_002354.2
	F : 5’ – CTCGCGTTCGGGCTTC – 3’

R : 5’ - TCAGGTGCTTTTTCATCAACATAA – 3’
	755

	
	KRT19

(Cytokeratin 19)
	NM_002276.4
	F : 5’ – CGACTACAGCCACTACTACAC – 3’

R : 5’ – CACTATCAGCTCGCACATCG – 3’
	695

	Target (ddPCR)
	PSA

(Prostate specific antigen)
	NM_001648.2
NM_001030048.1
	F : 5’-ACCAGAGGAGTTCTTGACCCCAAA-3’

R : 5’-CCCCAGAATCACCCGAGCAG-3’
	161

	
	PSMA

(Prostate specific membrane antigen)
	NM_004476.2
NM_001014986.2
NM_001193471.2
NM_001193472.2
NM_001351236.1
	F : 5’-ATGAATTGAAAGCTGAGAACATCAAGA -3’

R : 5’-GGGATGAGTCTTATTTGGGTAGGAC-3’
	188

	
	EpCAM

(Epithelial cell adhesion molecule)
	NM_002354.2
	F : 5'-GTTCGGGCTTCTGCTTGC-3'

R : 5'-GCTCTCATCGCAGTCAGGA-3'
	287

	
	KRT19

(Cytokeratin 19)
	NM_002276.4
	F : 5'-TTTGAGACGGAACAGGCTCT-3'

R : 5'-AATCCACCTCCACACTGACC-3'
	211


