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Figure S1. Additional material relating to the RNAi screen. A. NIH-3T3 cells form cilia under 
high-density conditions. B. A cell-autonomous signaling assay for Hh pathway response. NIH-3T3 
cells were stably integrated with an Hh-responsive �re�y luciferase (FL) reporter (GliBS reporter), 
a control reporter (Renilla luciferase; RL), and an expression construct encoding Shh to generate 
the 3T3-ShhFL cell line. C. 3T3-ShhFL cells exhibit faithful Hh transcriptional response. RT-PCR 
analysis of the Hh target gene Ptch1 in 3T3-ShhFL cells was compared with wild-type NIH-3T3 
cells treated with or without ShhN conditioned medium. D. 3T3-ShhFL cells are responsive to 
cyclopamine. E. Criteria and conditions used to select genes of interest in the primary screen and 
various secondary screens. F. Frequency of Z score assignment to genes reveals a Gaussian-type 
distribution of results. G. Summary of hits identi�ed from various well positions in 96 well plates 
from the primary screen without well-based normalization procedure. An edge e�ect is apparent 
from the skewed well distribution of hit frequenices. H. Genes identi�ed from screening either 
the Dharmacon or Qiagen libraries that do not e�ect Wnt pathway response (62 total) were 
re-tested manually in 96 well plates avoiding wells on the edge of the plate using siRNAs target-
ing the same gene from the other library. A total of 18 genes could not be re-tested given a corre-
sponding siRNA set was not arrayed in the library. Ten genes including several identi�ed from the 
OMIM-based analysis were shown to induce similar e�ects on Hh pathway response. The 
improved ability to recover shared genes from both siRNA libraries but not necessary known 
pathway components (Smo for example) under these testing conditions demonstrate the in�u-
ence of siRNA design and inherent noise in high-throughput screening platforms in genome-
scale RNAi studies. White boxes- genes that were tested; gray boxes - genes not tested because 
there is no corresponding gene in the other library; blue boxes- genes that have already been 
identi�ed by 2 pools, thus not tested in the cross-library test.
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Figure S2

Figure S2. Con�rmatory siRNA assays for gene function in Hh pathway response. Disease-
associated genes identi�ed in Fig. 1 were re-evaluated using non-redundant siRNAs from each 
siRNA pool. Gene function in Hh pathway response con�rmed by only one or two siRNAs was no 
longer considered. Data are represented as mean +/− SEM.
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rable levels of Gli3. A. PCR was performed from di�erent concentrations of total cDNA generated from 
RNA samples, analyzed, and compared to test reproducibility. Gli3 transcript abundance cells is normal-
ized to GapDH.  Values are given as the fold change between Stk11-/- cells and WT cells. Graph shows 
average and SD from 3 samples.  B. Raw data for analysis of kinetics Gli3R formation following addition of 
SAG quanti�ed in Fig. 2F. In this study wild-type and STK11-/- MEFs were treated overnight with SAG (Smo 

tion. Lysate generated at various time points after SAG removal were analyzed by Western blot analysis 
for Gli3R protein then quanti�ed as before. C. Additional images of primary cilia from WT and STK11-/- 
MEFs. White bars indicate length of the primary cilium. D. STK11-/- MEFs exhibit increased rate of 
doubling time as compared to WT MEFs. Cell number was measured using Cell Titer Glo assay that deter-
mines levels of ATP produced by cells. This experiment was performed in triplicate. E. Chemical structures 
of several classes of HDAC inhibitors. Tubacin and MS-275 exhibit selectivity for HDAC6 and HDAC1, 
respectively. 

Figure S3. Additional characterization of STK11-/-

agonist) to inhibit Gli3R formation. SAG was then removed and SANT1 was added to allow Gli3R forma-

 cells. A. Wt and STK11-/- MEFs express compa-
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protein and acetylated tubulin were detected by immuno�uorescence. B. Gli2 protein localizes to the tip of the primary cilium in STK11-/- 
MEFs treated with Hh conditioned medium. C. Quanti�cation of cilia length in MEFs using an anti-Smo antibody.

Figure S4. Hh-induced Smo or Gli protein accumulation in the primary cilium is not a�ected in STK11-/- cells. A. Endogenous Smo 
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migrating band recognized by the Dvl2 antibody as phosphorylated Dvl protein. CIP= calf intestinal 
phosphatase. B. Inhibition of HDAC6 does not alter Dvl protein phosphorylation. Tubacin and SAHA 
but not MS-275, an inhibitor HDAC1-3, induces accumulation of acetylated tubulin in agreement with 
their relative activity against HDAC6. C. The increased Dvl phosphorylation in STK11-/- cells is inhib-
ited by IWP, but not IWR, an Axin protein stabilizer. In addition, an inactive form of IWP (IWP control) 
has no e�ect on Dvl phosphorylation. Abundance of Axin protein is used to monitor activity of IWR 
compound. Taken together, this data indicates that Dvl phosphorylation is dependent on production 
of Wnt. Data are representative of 3 experiments. D. The e�ects of IWP compound on Dvl2 phoshpory-
lation can be blocked by addition of Wnt3A-containing conditioned medium (CM), consistent with the 
ability of IWP to inhibit Wnt protein production. E. The acetyl-coA (ACC) enzyme inhibitor TOFA mimics 
the e�ects of IWP on Dvl2 phosphorylation in wild-type and STK11-/- MEFs. Given the role of ACC in 
the production of palmitoyl-CoA, a co-factor essential to Wnt protein production, this observation 
further supports previous conclusions that the IWP compounds to inhibit Wnt protein production. F. 
Inhibition of PKA does not block Dvl2 phosphorylation in STK11-/- cells. STK11-/- MEFs were treated 
with increasing concentration of the PKA inhibitor H89 up to 10μM. Axin1 serves as a loading control. 

Figure S5. Dvl phosphorylation is sensitive to IWP but not SAHA. A. Dvl2 is phosphorylated in 
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Figure S7. The defect in posterior morphogenesis and 

tissue. >25 embryos at 24 hrs post fertilization were 
analyzed in each group.

somite development is apparent in STK11 morphants 
stained for MyoD expression, which labels somitic 
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mises primary cilia formation. A. NSCLC cell lines lacking Stk11 exhibit increased abundance of 
phosphorylated Dvl protein that can be lowered with IWP compound. Human bronchial epithelial 
cells (HBEC) and colorectal cancer cells (DLD-1) are controls. B. NSCLC cell lines with loss of STK11 do 
not elaborate primary cilia as compared to HBECs. C. Introduction of Stk11 DNA into A549 cells 
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Figure S8. Loss of STK11 in cancerous cells induces Dvl protein phosphorylation and compro-
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Figure S9. Cell line-dependent responses to Wnt 
ligand in cervical carcinoma cells lacking Stk11. 
Lysates from Endo, HeLa, or SiHa cells were Western 
blotted for various Wnt pathway components. As 
before, HeLa but not SiHa cells exhibit Wnt/β-catenin 
pathway response (measured by expression of Axin2) 
that is sensitive to the IWR and IWP compounds. In 
addition, HeLa cells exhibit phosphorylation of Lrp6, a 
receptor for mostly canonincal Wnt proteins. Dvl phos-
phorylation and Tankyrase (Tnks) protein levels are 
used to measure activity of IWP and IWR compounds, 
respectively.  IWR compounds stabilize Axin proteins 
through the inhibition and stabilization of Tnks 
proteins, which facilitate Axin degradation.
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Figure S10. Axin1 forms punctate structures in 
HeLa cells. In contrast to the di�use localization of 
Dvl2 in HeLa cells, its binding partner Axin1 is 
found in puncate structures. 




