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SUPPLEMENTAL FIGURE LEGENDS

Figure S1. CRTC2 is Down-regulated in Multiple Cancers (Related to Figure 1)

(A-E) Representative boxplots from Oncomine data analysis showing CRTC?2 is significantly
down-regulated (P<IE-4, fold change>2) in cancer versus normal tissue for lymphoma
(Piccaluga et al., 2007), brain (Sun et al., 2006), colorectal (Graudens et al., 2006), prostate
(Arredouani et al., 2009), breast (Karnoub et al., 2007) and gastric (Wang et al., 2012) cancers.
The Oncomine data analysis revealed that the most significant downregulation of CRTC2
occurred in the Piccaluga lymphoma samples.

Figure S2. Additional Experiments Related to Figure 1

(A) Sequence analysis of both alleles in each of the two CRTC2 KO HeLa cell lines. The results
confirmed that both alleles in each cell line were disrupted, and that the deletions resulted in a
frameshift, leading to a premature stop codon.

(B) Representative FACS plots showing the percentage of EGFP-positive, DsRed-positive and
EGFP-negative, DsRed-positive cells sorted from control HeLa and CRTC2 KOl and KO2
HeLa cells co-transfected with an EGFP heteroduplexed mismatch plasmid and DsRed-N1.

(C) MMR activity assay in control HeLa cells or CRTC2 KO HeLa cells expressing CRTC2 or
empty vector.

(D) Representative FACS plots showing the percentage of EGFP-positive, DsRed-positive, and
EGFP-negative, DsRed-positive cells sorted from CRTC2 KO HeLa cells expressing CRTC2 or
empty vector and co-transfected with an EGFP heteroduplexed mismatch plasmid and DsRed-
NI.

(E,F) gRT-PCR analysis monitoring knockdown efficiency of CREBI (E) and CBP (F) in HeLa
cells expressing a non-silencing (NS) shRNA or one of two CREB1 or CBP shRNAs. For all
graphs, error bars indicate standard deviation. **P<0.01.

(G) Representative FACS plots showing the percentage of EGFP-positive, DsRed-positive, and
EGFP-negative, DsRed-positive cells sorted from HeLa cells expressing a NS, CREBI or CBP
shRNA and co-transfected with an EGFP heteroduplexed mismatch plasmid and DsRed-N1.

Figure S3. Schematic Diagrams and Additional Experiments Related to Figure 2

(A) Schematic diagrams showing the position and sequence of the CRE site, either an octameric
palindrome (5’-TGACGTCA-3’) or a less active half-site motif (5’-TGACG-3’ or 5’-CGTCA-
3’) (Mayr and Montminy, 2001), in the promoters of EXO1, MSH6, PMS1 and POLD?.

(B) ChIP analysis monitoring occupancy of CRTC2, CREBI1 and CBP on the promoters of
EXOI, MSH6, PMSI and POLD?2 in HeLa cells expressing a NS shRNA or a CREB1 shRNA
unrelated to that shown in Fig. 2B.

(C) qRT-PCR analysis monitoring expression of EXOI, MSH6, PMSI and POLD?2 in control
HeLa cells or CRTC2 KO HeLa cells expressing CRTC2 or empty vector.

(D) Immunoblot analysis monitoring levels of CRTC2, EXO1, MSH6, PMS1 and POLD2 in
control HeLa cells and CRTC2 KO HeLa cells. a-tubulin (TUBA) was monitored as a loading
control.

(E) gRT-PCR analysis monitoring expression of EXOI, MSH6, PMSI and POLD?2 in HeLa cells
expressing an NS shRNA or one of two unrelated CRTC2 shRNAs.

(F) qRT-PCR analysis monitoring knockdown efficiency of CRTC2 in HeLa cells expressing an
NS or CRTC2 shRNA.



(G) gqRT-PCR analysis monitoring expression of EXO1, MSH6, PMS1 and POLD?2 in HeLa cells
expressing an NS shRNA or CREB1 or CBP shRNA unrelated to that used in Fig. 2D.

(H) Immunoblot analysis monitoring CRTC2 phosphorylation in HeK293T or HeLa cells treated
with DMSO, forskolin or UV. CRTC2 phosphorylation was monitored by mobility shift. These
blots used 5% gels and long running times to optimize the resolution of the two bands; the top
band represents phosphorylated CRTC2 (p-CRTC2) and the bottom band represents the
unphosphorylated form. a-tubulin (TUBA) was monitored as a loading control.

(I) ChIP analysis monitoring occupancy of CRTC2, CREBI and CBP on the promoters of EXOI,
MSH6, PMS1 and POLD?2 in HEK293T cells treated in the presence or absence of forskolin.

(J) gRT-PCR analysis monitoring expression of EXO1, MSH6, PMS1 and POLD2 in HEK293T
or HeLa cells treated in the presence or absence of UV.

(K) (Top) Immunoblot analysis confirming ectopic expression of the CRTC2-S171A mutant.
Non-adjacent lanes from the same gel were spliced together as indicated by the dividing line.
(Bottom) qRT-PCR analysis monitoring expression of EXOI, MSH6, PMSI and POLD?2 in
HEK293T cells expressing empty vector (pcDNA3.1) or CRTC2-S171A.

(L) Immunoblot analysis monitoring CREBI levels in HEK293T cells expressing empty vector
(pcDNA3.1), wild-type CREB1 (CREB1-wt) or CREB1-S133A and treated with or without UV
30 J/m® 24 hours post transfection. CRTC2 phosphorylation was also monitored; as expected,
dephosphorylation of CRTC2 following UV irradiation was equivalent in the presence of wild
type CREBI or CREB1-S133A.

(M) gRT-PCR analysis monitoring expression of EXOI, MSH6, PMSI and POLD?2 in HEK293T
cells expressing empty vector, CREB1-wt or CREB1-S133A and treated in the presence or
absence of UV. For all graphs, error bars indicate SD. *P<0.05, **P<0.01.

Figure S4. Additional Experiments Related to Figure 3

(A) qRT-PCR analysis monitoring expression of Exol, Msh6, Pmsl and Pold2 in NIH 3T3 cells
expressing an NS shRNA or one of two unrelated Crtc2 shRNAs.

(B-D) gqRT-PCR analysis monitoring knockdown efficiency of Crtc2 (B), Exol (C) or Msh6 (D)
in NIH 3T3 cells expressing an NS shRNA or one of two unrelated Crtc2, Exol or Msh6
shRNAs.

(E) Soft agar assay monitoring colony forming ability of NIH 3T3 cells expressing a NS, Crtc2,
Exol or Msh6 shRNA unrelated to that used in Fig. 3A. For all graphs, error bars indicate SD.
*P<0.05, **P<0.01.



Table S1. List of mutations in CRTC?2 (transcript ENST00000368633) Found in the
COSMIC Database (Related to Figure 1)

Please see the accompanying Excel file.

Table S2. List of Lymphoma Samples Used in this Study (Related to Figure 3)

The diagnosis, source tissue and, for formalin-fixed paraffin embedded (FFPE) samples, whether
or not CRTC2 could be detected by immunohistochemistry (IHC) are given. ALCL, anaplastic
large cell lymphoma, ATCL, angioimmunoblastic T-cell lymphoma, PTCL/U, peripheral T-cell
lymphoma unspecified.

Sample | Diagnosis | Tissue | CRTC2 IHC
FFPE

| ATCL Lymph node, right cervical, biopsy Negative
2 ATCL Lymph node, biopsy Negative
3 ALCL Retroperitoneal mass Negative
4 ATCL Lymph node, biopsy Negative
5 ATCL Lymph node excision Negative
6 ATCL Lymph node, inguinal, biopsy Negative
7 ALCL Mass, right iliac fossa, needle core biopsy Negative
8 PTCL/U Retroperitoneal lymph node Negative
9 ALCL Right anterior axillary lymph node, biopsy Negative
10 ALCL Left thigh, core biopsies Negative
11 PTCL/U Spleen, splenectomy Negative
12* ATCL Lymph node, left inguinal, biopsy Negative
13 PTCL/U Lymph node, left inguinal, biopsy Negative
14 ATCL Lymph node, right cervical, excision Negative
15 ATCL Lymph node, left inguinal, excision Negative
16 ATCL Lymph node, left axillary, excision Positive
17 ATCL Lymph node, left cervical, biopsy Negative
18 ALCL Lymph node (4R), biopsy Negative
19 ALCL Lymph node, right inguinal region Negative
20* ALCL Skin, right and left leg, punch Negative
21 PTCL/U Right parotid mass, excisional biopsy Negative
22 PTCL/U Lymph node, biopsy Negative
23* ALCL Skin, right upper posterior thigh Negative
24 ALCL Right axillary lymph node, excision Negative
Snap-frozen

A ALCL Lymph node excision N/A

B ALCL Retroperitoneal mass N/A

C ATCL Lymph node, inguinal, biopsy N/A

D PTCL/U Retroperitoneal lymph node N/A

E PTCL/U Lymph node excision N/A

F ATCL Lymph node (left cervical), biopsy N/A

G PTCL/U Lymph node, biopsy N/A

* Indicates primary cutaneous lymphoma.




SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Cell Lines and Culture

HEK293T and NIH 3T3 cells (ATCC) were cultured in DMEM or DMEM with 10% FBS,
respectively. For drug treatments, HEK293T or HeLa cells were treated with 10 pM forskolin
(Sigma) for 4 hours or UV (30 J/cm?). Plasmids expressing wild-type CRTC2 or CRTC2-S171A
(Screaton et al., 2004), or wild-type CREB1 or CREB1-S133A (Du et al., 2000) were provided
by Marc Montminy (Salk Institute).

shRNA-Mediated Knockdown
Cells were stably transduced with short hairpin RNA (shRNAs) viruses from Open

Biosystems/GE Dharmacon listed below. Infected cells were then selected with puromycin.

List of Catalog Numbers for shRNAs Obtained from Open Biosystems/GE Dharmacon

Gene First shRNA Second shRNA
CRTC?2 (human) V3LHS 379706 V3LHS 379707
CREBI (human) TRCNO0000007310 TRCNO0000011085
CBP (human) TRCNO0000011027 TRCNO0000006488
Crtc2 (mouse) TRCNO0000173279 TRCNO0000176130
Msh6 (mouse) TRCN0000071163 TRCN0000071165
Exol (mouse) TRCN0000071123 TRCN0000071124

Real-Time qRT-PCR

Total RNA was isolated, and reverse transcription was performed as described previously (Gazin
et al., 2007), followed by real-time qPCR with Platinum SYBR green qPCR SuperMix-UDG
with Rox (Invitrogen) using the primers listed below.

List of Primers Used for qRT-PCR

Gene Forward (5° 2 3°) Reverse (5° 2 3%)

CRTC2 (human) CCACCAGAACTTGACCCACT GGCTGCTGCAATCTCCTTAG
Crtc2 (mouse) CCACCAGAACTTGACCCACT GGCTGCTGCAATCTCCTTAG
EXOI (human) AGCTTGGGGATGTATTCACG TGCCTTTGCTAATCCAATCC
Exol (mouse) CAGGCTGTCATCACAGAGGA CTGGTCCACTTCCAGTCCAT
MSHG6 (human) GGAGGAAGGAAGCAGTGATG | CATTCTCTTCCGCTTTCGAG
Msh6 (mouse) CTGCCATCAGTGACCGTCTA TCAAGGTCTGGCAGCTTCTT
PMS] (human) GGCTGTTGATGCACCTGTAA GCTTCTCCACGAAAACCGTA
Pmsl (mouse) TGGAATCTGTTGAGCAGCAC GGGGTTGAAAGACTTGTGGA
POLD?2 (human) GAGACCCTTCCTGGAGAACC CCACACAGCACTTCTCCTCA
Pold2 (mouse) CAGTGTGGAGGCAGTCAAAA AGTTGGTGGGATCAAACTCG

Spontaneous Mutation Frequency

The HPRT mutation assay was conducted as described previously (Kat et al., 1993). Briefly,
5x10° cells were seeded in triplicate in 100 mm dishes for 12 hr and fed with complete medium
containing 5 uM freshly prepared 6-thioguanine (6-TG; Sigma). The plating efficiency was
determined by culturing 5x10” cells similarly in the absence of 6-TG. After 10 days of culturing,
cell colonies were visualized by staining with 0.03% crystal violet. The mutation frequency was



determined by dividing the number of 6-TG-resistant colonies by the total number of cells plated
after being corrected for colony-forming ability.

ChIP Assays

ChIP assays were performed as previously described (Raha et al., 2005) using an anti-CRTC2
(Bethyl Laboratories), anti-CREB1 (Cell Signaling Technology), anti-CBP (Bethyl Laboratories)
or anti-histone H3 (acetyl K9+K14+K18+K23+K27) (Abcam, ab47915) antibody. ChIP products
were analyzed by qPCR using primers listed below. Samples were quantified as percentage of
input, and then normalized to an irrelevant region in the genome (~3.2 kb upstream from the
transcription start site of GCLC). Fold enrichment was calculated by setting the IgG control IP
sample to 1.

List of Primers Used for ChIP

Gene Forward (5° 2 3°) Reverse (5° 2 3)

EXOI CGTTGACGTCACATCCTCTG ACGCAGAACACGGGTAACTT

MSH6 CCCGGCCTCTCATAGTCTCT TAAGGGCCACAGTCCGTTAT

PMS] CTGGGCCAGAGAAAACTCAG ACGCAAATCCTCGTTGTCTT

POLD? CAGGAAACCGAGGGTGTG CCATCGCCTAATCTCACCAA
PAT-ChIP

Formalin-fixed paraffin-embedded tonsil (n=7) and lymphoma (n=24) sections were
deparaffinized, rehydrated, and processed as previously described (Fang et al., 2014) using an
anti-histone H3 (acetyl K9+K14+K18+K23+K27) (Abcam, ab47915) antibody. PAT-ChIP
products were analyzed by qPCR using CRTC2 forward (TCTCAGGGAGTAGCCGAGAG)
and reverse (CAGTCACGCAGCACTAGGAG) primers.

Colony Formation Assays
NIH 3T3 cells (1x10%) stably expressing an shRNA were plated in 60-mm dishes and selected
with puromycin for 14 days. Colonies were stained with crystal violet and counted.
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