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Supplementary Material 



Figure S1. Establishment of stable CRISPR/Cas9-mediated PIM3 knockout cells. (A-B) 

Design of PIM3 gRNAs and primers for knockout verification and sequencing. (A) Structure of the 

PIM3 gene is depicted at the top from 5’ to 3’ with exons indicated by dark grey boxes. Sequence 

for the region of interest (5’ end of gene to 3’ end of middle of exon 3) is listed underneath. The 

5’ untranslated region (UTR) is in italics, exons in uppercase, introns in lowercase, and PIM3 start 

codon in boxed bolded letters. gRNAs (colored lines) were designed to guide Cas9 to regions 

with PAM sequences (black highlighted white text). gRNAs were cloned into plasmids and cells 

were transfected with pairs of plasmids containing gRNA 1A and 1B, 2A and 2B, or 3A and 3B. 

The locations for the forward and reverse primers used in PCR to assess the edits are highlighted 

in grey. (B) Schematic diagram depicting the functionality of the CRISPR/Cas9 system. The 

sequences for the oligonucleotide top and bottom strand that were used to clone the gRNA 3A 

into the CRISPR/Cas9 plasmid are shown. Binding of the gRNA to the specific DNA target 

sequence preceding an adjacent PAM sequence “guides” the Cas9 enzyme to induce a double-

strand break in the DNA target sequence. gRNA: Guide RNA; PAM: Protospacer adjacent motif. 

(C) PCR was performed on genomic DNA isolated from clones transfected with paired gRNAs. 

DNA was amplified using primers for the target region of PIM3 and gel electrophoresis was 

performed on PCR products. The unedited HuH6 band had an expected size of 828 bp. The 3 

PIM3 knockout (KO) clones had smaller bands indicating large deletions. (D) Representative 

Sanger sequencing results of the HuH6 WT and PIM3 KO (clone B11) DNA. Following 

amplification with PIM3 primers (pair shown as forward and reverse arrows), PCR products were 

assessed using gel electrophoresis. Individual bands were cut out, DNA purified, and nucleotide 

sequence analyzed by Sanger sequencing. Results were aligned to the human reference 

sequence using BLAST. PIM3 KO had a large (~275 bp) deletion between the two gRNA cut sites. 

The gRNAs were also aligned and their position shown. 

 
  
 
 
 
 

 

 

 

 



 

Figure S2. PIM3 knockout did not affect cell morphology. HuH6 WT or PIM3 KO cells (1 × 

105) were plated into 6-weel plates and imaged after 72 hours to assess for morphologic changes. 

The Photometrics CoolSNAP HQ2 CCD camera (Tucson, AZ) attached to a Nikon Eclipse Ti 

microscope (Tokyo, Japan) was used to image the plates and representative photomicrographs 

are shown. PIM3 KO cells did not differ in cell morphology from that of the HuH6 WT cell. Scale 

bars represent 300 µm. 

 

Figure S3. PIM3 knockout decreased motility in hepatoblastoma cells. Motility was evaluated 

utilizing a monolayer wounding (scratch) assay. HuH6 WT or PIM3 KO cells were plated and 

allowed to grow to near-confluency and a uniform scratch was made in the well. Images of the 



scratch wound area were obtained at 0, 24, 48, and 72 hours. The area of the wound in pixels 

was quantified using ImageJ and data reported as mean fold change in scratch area compared 

to time zero ± standard error of the mean. PIM3 KO cells resulted in significantly larger wound 

(scratch) area over time compared to HuH6 WT cells indicating decreased motility. 

Figure S4. PIM3 re-introduction rescued the decrease in cancer cell stemness observed 

with PIM3 knockout. (A) Cell surface expression of CD133, a marker of hepatoblastoma 

stemness, was determined using flow cytometry in HuH6 wild-type (WT), PIM3 knockout (KO), or 

PIM3 KO cells transfected with either an empty vector (EV) control or PIM3 cDNA expressing 

plasmid (PIM3 Rescue). PIM3 KO led to significantly decreased CD133 expression compared to 

HuH6 WT cells, while re-introduction of PIM3 cDNA in PIM3 KO cells led to rescue of CD133 cell 

surface expression and a return to levels comparable to those seen in WT cells. There was no 

difference in CD133 expression between PIM3 rescue and HuH6 WT cells. Data represent at 

least three biologic replicates and are reported as mean ± standard error of the mean. (B) 

Representative contour plots with negative staining controls for each cell line are shown. NS: non-

significant. 

 



Figure S5. PIM3 knockout decreased in vivo tumor growth in male mice. HuH6 wild-type 

(WT) or PIM3 knockout (KO) cells were injected subcutaneously into the right flank of male 

athymic nude mice (n=7 per group) and tumor volume monitored over time. Male mice bearing 

PIM3 KO tumors exhibited a significantly decreased relative tumor growth compared to those 

bearing HuH6 WT tumors. 

 

Figure S6. PIM3 knockout decreased in vivo tumor growth in female mice. (A) HuH6 WT 

and PIM3 KO cells were injected subcutaneously into the right flank and left flank, respectively, 

of 7 female athymic nude mice. PIM3 KO cells resulted in smaller tumors than those of HuH6 WT 

cells. (B) Relative tumor growth at the end of the 43-day study period was decreased in PIM3 KO 

tumors compared to WT tumors. 

 
 
  



 
Table S1: Table listing the gRNA sequences for CRISPR/Cas9-mediated editing of PIM3 gene 

and the oligonucleotide sequences used to clone gRNAs into CRISPR plasmid. 

 



 

Table S2: Table containing the relevant biological functions identified by IPA to be significantly 

associated with PIM3 KO (p<0.05). Activation z-score is calculated by IPA and predicts whether 



a specific disease or biological function is activated (positive z-score) or inactivated (negative z-

score). The corresponding genes identified in the dataset are included. 

 

Table S3: Table containing the top canonical pathways identified by IPA to be significantly 

activated (z-score>+1) or inactivated (z-score<-1) for the differentially regulated genes following 

PIM3 KO (p<0.05 and fold change cutoff ± 2). The ratio indicates the number of genes from the 

dataset that map to the pathway divided by the total number of proteins that map to the same 

pathway. Genes in the dataset that are involved in each canonical pathway are included and are 

broken down as downregulated and upregulated. Representative percentages of present versus 

total genes per canonical pathway are shown between parentheses. 

 


