
Supplementary Figures: 
 

 
 
Supplemental Fig. 1. Serum CEA levels and CEACAM5 expression in mCRPC subsets. 
Serum CEA levels plotted relative to CEACAM5 protein expression in tumors calculated as an H-
score in corresponding (A) NEPC (n=5) and (B) non-NEPC (ARPC or DNPC) (n=13) patient 
samples. CEA normal range: 0-5.0 ng/ml. Spearman rank correlation values (r) and p values are 
shown for all panels. 
  



 
Supplemental Fig. 2. CEACAM5 expression in healthy tissues. (A) Percentage of cells with 
CEACAM5 expression, (B) intensity of CEACAM5 staining, and (C) H-scores of healthy tissues 
in the normal organ TMA. Error bars represent + SD.  



 
 



Supplemental Fig. 3. mIF of CEACAM5 and other clinically relevant prostate cancer 
antigens. Representative IF images of CEACAM5, Trop2, PSMA, and PSCA expression in the 
ARPC, NEPC, DNPC, and AMPC tissues from the UW mCRPC TAN TMA (Scale bar, 50μm; 
original magnification, 20X).  
  



 

 

 
Supplemental Fig. 4. CEACAM5 expression correlates with ASCL1 expression in SCLC cell 
lines. Dot plots showing the associations between (A) CEACAM5 and ASCL1 expression and (B) 
CEACAM5 and NEUROD1 expression in the NCI-DTP SCLC cell line dataset (n=76). Pearson 
correlation coefficients (r) and p values are shown for all panels. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Supplemental Fig. 5. CEACAM5 expression correlates with DLL3 expression in NEPC. Dot 
plots showing the positive association between CEACAM5 and DLL3 expression in (A) mCRPC 
with neuroendocrine scores >0.4 in the SU2C dataset (n=10) and (B) cases from the Beltran 2016 
NEPC dataset (n=12). Pearson correlation coefficients (r) and p values are shown for all panels. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Supplemental Fig. 6. DNase I hypersensitivity of the core promoter of CEACAM5 is 
associated with CEACAM5 expression. Integrative Genomics Viewer tracks showing a DNase I 
hypersensitivity site at the core promoter upstream of the transcriptional start site of CEACAM5 in 
normal colon tissues, colon cancer cell lines, normal breast tissues, and breast cancer cell lines. 
CEACAM5+ colon cancer cell lines: LoVo, SW480. CEACAM5low/- colon cancer cell lines: RKO, 
HT-29, Caco-2, HT-116. CEACAM5+ breast cancer cell lines: MCF-7 and T47D. Data were 
downloaded from the ENCODE Project. 
 

 
 

 



 
Supplemental Fig. 7. ASCL1 and NEUROD1 knockdown and cell viability of NCI-H660 and 
MSKCC EF1 cell lines. (A) Immunoblots demonstrating ASCL1 protein expression in the NC-
H660 cell line and NeuroD1 expression in the MSKCC EF1 cell line after transduction with control 
lentivirus or lentiviruses expressing shRNA targeting ASCL1 (shASCL1) or NeuroD1 
(shNeuroD1). Cell viability of (B) NCI-H660 TRC control and shASCL1 cell lines and (C) 
MSKCC EF1 TRC control and shNeuroD1 cell lines quantified by CellTiter-Glo assay. Error bars 
represent + SD. 



 
Supplemental Fig. 8. ASCL1 ChIP-seq binding peaks associated with CEACAM5, DLL3, and 
BCL2 in SCLC cell lines. (A) Heatmap of CEACAM5, ASCL1, and NEUROD1 gene expression 
in SCLC cell lines from GEO accession number GSE32989. Integrative Genomics Viewer tracks 
of ChIP-seq data from ASCL1high SCLC cell lines (NCI-H128, H2107, H889, H1184, H1755, and 
H209) and a control NeuroD1high SCLC cell line (NCI-H524) showing the absence of ASCL1 
binding peaks near the (B) CEACAM5 gene locus and the presence of ASCL1 binding peaks near 
the (C) DLL3 and (D) BCL2 gene loci. Data were downloaded from GEO and accession numbers 
are listed before each cell line.  

 
 



 
Supplemental Fig. 9. Pan-cancer expression profile of CEACAM5 and ASCL2. (A) TCGA 
PanCanAtlas TumorMap. (B) CEACAM5 and (C) ASCL1 expression superimposed on the TCGA 
PanCanAtlas TumorMap.  

  



 
Supplemental Fig. 10. Susceptibility of prostate cancer cell lines to SN-38. Formation of 
double-stranded DNA breaks measured by intracellular γH2AX staining 16 hours after continuous 
treatment of (A) 22Rv1, (B) DU145, and (C) MSKCC EF1 cells with SN-38 at 37ºC. (D) 
Experimentally determined IC50 values of SN-38 on the indicated cell lines following 96-hour 
treatment with a dilution series of SN-38 with cell viability quantified by CellTiter-Glo assay. 
Histograms represent the means of technical duplicates. 
 

 

 

 

 

 



 
Supplemental Fig. 11. Labetuzumab govitecan eradicates CEACAM5+ NCI-H660 cell line 
xenografts in vivo. NSG mice received four treatments (red arrows) of vehicle (n=9), h679-SN-
38 (25mg/kg) (n=9), or labetuzumab govitecan (25 mg/kg) (n=10) over a study period of 28 days. 
Plots are shown of (A) tumor volumes, (B) animal weights normalized to pre-enrollment, and (C) 
body condition scores monitored bi-weekly. (D) Kaplan-Meier survival plot of all treatment arms. 
Line graphs represent means + SD. *** p<0.001. Day 28 ANOVA p values are shown for panel 
A. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplemental Fig. 12. CEACAM5 protein expression in prostate cancer cell xenografts and 
LuCaP PDX lines. H&E and immunohistochemical analysis of androgen receptor (AR), 
synaptophysin (SYP), chromogranin A (ChrA), CEACAM5, ASCL1, and NeuroD1 expression 
in the NCI-H660 and MSKCC EF1 NEPC cell lines, LNCaP ARPC cell line, and LuCaP PDX 
models (Scale bar, 50μm; original magnification, 20X).  
 

 

 
 
 



 
Supplemental Fig. 13. NSG mouse weights and body condition scores for LuCaP PDX 
therapeutic studies. Animal weights and body condition scores monitored by-weekly are shown 
for (A-B) single dose trials and (C-D) two dose trials. Line graphs depict means ± SD. * p<0.05. 



 
 

Supplemental Fig. 14. NSG mouse serum chemistries and complete blood counts for 
therapeutic studies. (A) Mean values and range of serum chemistries reported from day 28 blood 
draws from mice treated with vehicle (n=15), cisplatin and etoposide (n=8), h679-SN-38 (n=8), 
and labetuzumab govitecan (n=18) from the LuCaP 49 and 145.1 studies (Fig. 6). (B) ALT and 
AST values for individual mice in each treatment group at day 28. (C) AST values for individual 
labetuzumab govitecan-treated mice at days 0, 14, and 28. (D) Mean values and range of complete 
blood counts and differential reported from day 28 blood draws from mice treated with vehicle 



(n=15), cisplatin and etoposide (n=8), h679-SN-38 (n=8), and labetuzumab govitecan (n=18) from 
the LuCaP 49 and 145.1 studies. (E) WBC of individual labetuzumab govitecan-treated mice at 
days 0, 14, and 28. (F) Neutrophil percentage of individual labetuzumab govitecan-treated mice at 
days 0, 14, and 28. Red dotted lines reflect the upper and lower limits of the corresponding 
reference ranges.  



Supplementary Materials and Methods: 

 

Antibodies. Immunohistochemistry: anti-CEA (Dako Cat#M7072; clone II-7), anti-

Chromogranin A (Abcam Cat# ab15160), anti-Synaptophysin (Santa Cruz Cat# Sc-1776; clone D-

4), anti-AR (Santa Cruz Cat# sc-7305; clone 441), anti-ASCL1 (Santa Cruz Cat# sc-374104; clone 

D-7), anti-NeuroD1 (Invitrogen Cat# PA5-82075). Multiplex immunofluorescence: anti-CEA 

(Dako clone II-7), anti-PSCA (Santa Cruz Cat# sc-80654; clone 7F5), anti-PSMA (Santa Cruz 

Cat# sc-514444; clone F-2), anti-Trop2 (Abcam Cat# ab214488; clone EPR20043). Flow 

cytometry: anti-γH2AX- BV421 (BD Biosciences Cat# 564720; clone N1-431), anti-

CEACAM5/CD66e-APC (R&D systems Cat# FAB41281A; clone 487609). Immunoblotting: 

anti-AR (Santa Cruz clone 441), anti-ASCL1 (Santa Cruz Cat# sc-374104; clone D-7), anti-

ASCL2 (Thermo Fisher Scientific Cat# PA5-47852), anti-CEA (Cell signaling Cat# 2383S; clone 

CB30), anti-NeuroD1 (Santa Cruz clone Cat# sc-46684; A-10), anti-NKX3.1 (Cell signaling Cat# 

83700S; clone D2Y1A), anti-p53 (Cell Signaling Cat# 2524T; clone 1C12), anti-Rb1 (Santa Cruz 

Cat# sc-74562; clone C-2), anti-N-Myc (Santa Cruz Cat# sc-53993; clone B8.4.B), anti-

Synaptophysin (Santa Cruz clone D-4), anti-INSM1 (Santa Cruz Cat# sc-271408; clone A-8), anti-

GAPDH (GeneTex Cat# GTX627408-01; clone GT239).  

 

Lentiviral vectors. Human CEACAM5 cDNA was cloned into the eGFP expression third-

generation lentiviral vector, RKS017 (gift from Dr. Roland K. Strong), using NEBuilder HiFi 

DNA Assembly (New England Biolabs) to generate the RKS017-CEACAM5 construct. ASCL1, 

NEUROD1, and MYCN cDNA was cloned into the FU-CGW lentiviral vector (1). The pLKO.1 

lentiviral vector (2) was used for ASCL1 and NeuroD1 knockdown studies with the following 



shRNA targeting sequences: ASCL1 – 5’-CCGCTGGTGGACTGTAATAAT-3’; NeuroD1 – 5’-

GCTGTATTCAGATCGTATTAA-3’. Lentivirus was produced as previously described (3). 

 

UW mCRPC TAN TMA classification. Samples were obtained within eight hours of death from 

patients who died of metastatic CRPC and who signed written informed consent for a rapid autopsy 

(RA), under the aegis of the Prostate Cancer Donor Program approved by the Institutional Review 

Board at the University of Washington. Immunohistochemistry for androgen receptor (AR), 

prostate-specific antigen (PSA), synaptophysin (SYP), and chromogranin A (ChrA) was visually 

scored by two histologists. H-scores for each core were calculated by multiplying the stain 

intensity score (0, 1, or 2) by the percentage of cells (range 0 - 200). A H-score of 50 was set as 

the minimal positive cutoff. Tumor cores were classified as AR positive (ARPC), neuroendocrine 

(NEPC), double AR and neuroendocrine positive or amphicrine (AMPC), or double AR and 

neuroendocrine negative (DNPC) based on the following staining features: ARPC = AR+ or PSA+, 

ChrA-, and SYP-; NEPC = ChrA+ or SYP+, AR-, and PSA-; AMPC = AR+ or PSA+, and ChrA+ or 

SYP+; DNPC = AR-, PSA-, ChrA-, SYP-.   

 

mIF of TMAs. Antigen retrieval and antibody stripping steps were performed at 100°C with all 

other steps at ambient temperature. Endogenous peroxidase was blocked with 3% H2O2 for 8 

minutes followed by protein blocking with TCT buffer (0.05 M Tris, 0.15 M NaCl, 0.25% Casein, 

0.1% Tween 20, pH 7.6 +/- 0.1) for 30 minutes. The first primary antibody (position 1) was applied 

for 60 minutes followed by the secondary antibody application for 10 minutes and the application 

of the tertiary TSA-amplification reagent (PerkinElmer OPAL fluor) for 10 minutes. The primary 

and secondary antibodies were stripped with retrieval solution for 20 minutes before repeating the 



process with the second primary antibody (position 2) starting with a new application of 3% H2O2. 

The process was repeated until all 6 positions were completed; however, there was no stripping 

step after the 6th position. Slides were stained with DAPI for 5 minutes, rinsed for 5 minutes, and 

cover slipped with Prolong Gold Antifade reagent (Invitrogen/Life Technologies, Grand Island, 

NY).  

 

Slides were cured for 24 hours at room temperature and representative images from each slide 

were acquired on a PerkinElmer Vectra 3.0 Automated Imaging System. Images were spectrally 

unmixed using PerkinElmer inForm software and exported as multi-image TIFFs for analysis.  

Images were analyzed with HALO image analysis software (Indica Labs, Corrales, NM). After the 

cells were visualized based on nuclear recognition (DAPI stain), the software measured 

fluorescence intensity of the estimated cytoplasmic areas of each cell. A mean intensity threshold 

above background was used to determine positivity for each fluorochrome within the cytoplasm, 

thereby defining cells as either positive or negative for each marker. The positive cell data were 

then used to define colocalized populations of cells. For the UW mCRPC TAN TMA, tumor-

associated stromal regions were identified based on cellular morphology, labelled using the HALO 

classifier tool, and eliminated from downstream analyses. For the FDA normal organ TMA, the 

entire core was analyzed. 

 

ATAC quantitative PCR primers. C5Pr-1F (5’-GGACAGAGGACACCTGAATAAA-3’), 

C5Pr-1R (5’-CTCTTCCTAGGGCAGGAGTA-3’), C5Pr-2F (5’-

GGACACCTGAATAAAGACCACA-3’), C5Pr-2R (5’-CTGCCCTGAGTCTCTTCCTA-3’), 



C5Pr-3F (5’-ATAAAGACCACACCCATGACC-3’) and C5Pr-3R (5’-

CTCCCTCTGCCCTGAGT-3’). 
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