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Supplementary Data 

 

Supplementary Methods: 

 

Small animal experiments 

All small animal (mouse) experiments described here conformed to the guidelines of the 

Animal Care and Use Committee of Johns Hopkins University.  Mice were maintained in 

accordance to the guidelines of the American Association of Laboratory Animal Care. 

 

Pharmacokinetic analyses of parenteral NanoCurc™ compared to free curcumin 

In order to compare the in vivo pharmacokinetics of NanoCurc™ versus free curcumin 

suspended in corn oil, two independent cohorts of four mice each were administered a single 

intraperitoneal injection  of either formulation, at an equivalent curcumin dose of 25 mg/kg. 

Blood samples (50µL) were obtained from all mice at 30 minutes, and at 2, 4, 8, and 24 hours 

post-curcumin injection, using EDTA-coated Microvette CB300 capillary tubes (Braintree 

scientific).  The plasma was separated by centrifuging the blood samples at a speed of 2500rpm 

for 5 minutes, and curcumin levels were estimated using LC-MS/MS (1).  Plasma and tissue 

calibration curves were prepared over the range of 10 to 1000ng/mL and 60 to 6000ng/g, 

respectively.   Individual maximum plasma concentration (Cpmax) and time to reach Cpmax (Tmax) 

values at steady state were obtained by visual inspection of the semi-logarithmic plots of serum 

concentrations versus time.  Area under the concentration versus time to infinity curve (AUC0-

infinity) was calculated by the log-linear trapezoidal method. The elimination rate constant (z) was 

determined from the slope of the terminal phase of the serum concentration versus time curve 

using uniform weight. The elimination half-life (T1/2) was calculated as 0.693 divided by z.  

 

Toxicity profile of void NVA622 polymer and NanoCurc™ in mice 

For toxicity studies, non-tumor bearing wild-type CD1 mice (N= 3 mice per arm) were 

administered either NanoCurc™ at a dose of 25 mg/kg twice daily or void polymer through the 

intraperitoneal route for four weeks.  During this time, mice were monitored daily for any 

behavioral abnormalities, and the body weights were measured every week.  After four weeks, 

mice were euthanized and internal viscera, including liver, lung, spleen, pancreas, and kidney 
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were harvested, and a portion fixed in 10% neutral buffered formalin for further 

histopathological examination.  In case of the NanoCurc™ cohort, blood was collected 2 hr and 

24 hrs after the last dose to estimate the steady state levels of curcumin in plasma, and the 

remaining portions of organs collected at necropsy snap-frozen to estimate tissue curcumin 

levels. 

 

Immunohistochemical analysis of xenografts  

 Immunohistochemistry was performed on formalin-fixed paraffin embedded tissue, 

using previously described techniques (2-4).  Briefly, the slides were deparaffinized using xylene 

and hydrated by a graded series of ethanol washes. Antigen retrieval was accomplished by 

heating the slides in citrate buffer (pH 6.0) at 900C for 20 minutes. Endogenous peroxidase 

activity was quenched by 10-min incubation in 3% H2O2 and nonspecific binding was blocked 

with 10% fetal bovine serum solution (Invitrogen, Carlsbad, CA) before incubation with the 

primary antibody.  Chromogenic detection was enabled using the PowerVision+ Poly-HRP IHC 

kit (Immunovision Technologies, Norwell, MA) following the manufacturer’s protocol.  Slides 

were counterstained with Harris-hematoxylin solution.   Primary antibodies utilized were: anti-

p65 (dilution 1:200, Cell Signaling Technology, Danvers, MA), anti-MIB-1 (Ki-67) (dilution 

1:100, clone K2, Ventana Medical Systems, Tucson, AZ) and anti-CD31.  Quantification of 

signal was performed by evaluating 10 random high power fields (40X magnification) on each 

slide, and counting the total number of cells with positive labeling.  In the case of p65 and Ki-67, 

only nuclear localization of chromogenic signal was counted as positive.  Four independent 

xenografts were evaluated for each treatment condition or the control arm. 

 

RNA extraction and quantitative reverse transcription PCR (qRT-PCR) 

Tissue samples were homogenized with a rotor stator homogenizer (Polytron PT1200C, 

Kinematica, Newark, NJ) and RNA was extracted using RNeasy Mini kit (Qiagen, Valencia, 

CA).  RNA was reverse transcribed with oligo-dTprimers at 420C for 50 min using the 

SuperScript™ First Strand System (Invitrogen), according to manufacturer’s protocol. qRT-PCR 

for human CCDN1 (cyclin D1) and MMP9 transcripts was performed using the Quantitect™ 

SYBR Green PCR kit on a 7300 Real-Time PCR system (Applied Biosystems, Foster City, CA).  
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Relative fold levels were determined using the 2-ΔΔCt method (5),  with GAPDH used as 

housekeeping control. 

 

Protein extraction and Western Blot analysis 

Homogenized tissue samples were quantified and normalized for protein concentration 

using Pierce BCA protein Assay. The proteins were then resolved by electrophoresis on 4-20% 

Tris Glycine gel (Invitrogen), transferred to nitrocellulose membranes (Invitrogen) and blotted 

with respective primary antibodies against cyclin D1 and MMP-9 (dilution of 1:1000).  Anti-

actin antibody (dilution of 1:200) was used as an internal control for protein loading. 

 

Electrophoretic mobility shift assay (EMSA)  

Nuclear proteins from harvested tumor tissues were extracted using the Ne-PER Nuclear 

and Cytoplasmic Extraction Reagent Kit -NE-PER (Thermo Fisher Scientific, Rockford, IL).  To 

assess the DNA binding capacity of nuclear NFkB (i.e. a measure of transcription factor 

activation), electrophoretic mobility shift assays on nuclear proteins were carried out as 

described previously (6). Briefly, double-stranded oligonucleotides containing a consensus 

binding site for c-Rel (5'-GGG GAC TTT CCC-3') (Santa Cruz Biotechnology) were 5' end-

labeled using polynucleotide kinase and [32P]dATP.  Nuclear extracts (2.5−5 µg) were incubated 

with 1 µl of labeled oligonucleotide (20,000 c.p.m.) in 20 µl of incubation buffer (10 mM Tris-

HCl, 40 mM NaCl, 1 mM EDTA, 1 mM β-mercaptoethanol, 2% glycerol, 1−2 µg of poly dI-dC) 

for 20 min at 25 °C.  DNA−protein complexes were resolved by electrophoresis in 5% non-

denaturing polyacrylamide gels and analyzed by autoradiography. 

 

Statistical analysis 

 Two-tailed t-test and Mann-Whitney-U-test were performed using Prism (GraphPad 

Software Inc., San Diego, CA, USA) version 5.01.  A value of P<0.05 was regarded as 

statistically significant.  All graphical illustrations show means and standard deviations, unless 

indicated otherwise.   
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Supplementary Results 

 

Combination therapy with NanoCurc™ and gemcitabine decreases cell proliferation and 

microvascular density in Pa03C orthotopic xenografts 

 Formalin-fixed sections from treated and control Pa03C orthotopic xenografts were 

assessed for proliferation using nuclear MIB-1 (Ki67) labeling, and for microvascular density by 

counting the mean CD31-positive vessels per 40X high power field.  Quantification of nuclear 

Ki-67 labeling confirmed a significant reduction in proliferation in xenografts receiving 

combination NanoCurc™ and gemcitabine compared to xenografts treated with void polymer 

(P<0.05, Supplementary Figure 5); however, no significant differences were observed in either 

of the single agent therapy cohorts compared to control tumors.  Essentially identical results 

were obtained with microvascular density, with the only statistically difference being observed in 

the combination therapy group.  Overall, these results substantiate the results of volumetric and 

other pharmacodynamic parameters of treatment efficacy (see main text) that NanoCurc™ is 

most likely to be useful in a setting where it potentiates the effects of gemcitabine in pancreatic 

cancer.  
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Supplementary Figures 

Supplementary Figure 1:   

Schema outlining the treatment protocols in (a) subcutaneous and (b) orthotopic Pa03C 

xenografts.  In both instances, the cohorts included one combination, and three treatment arms 

(single agent NanoCurcTM, single agent gemcitabine, and combination).  Treatment was 

performed for a period of three weeks, followed by euthanasia and harvesting of mouse tissues 

and xenografts. 

 

Supplementary Figure 2: 

Plasma curcumin measured at the time of necropsy in three mice each from single agent and 

combination therapy cohorts, in the subcutaneous Pa03C xenograft experiment.  Curcumin was 

measured using LC-MS/MS.  Comparable levels are seen between the two arms.  

 

Supplementary Figure 3: 

Photomicrograph of representative pulmonary (left) and lymph nodal micrometastases (right) in 

mice bearing Pa03C orthotopic xenografts, and receiving void polymer only.  Complete 

abrogation of systemic micrometastases is observed in mice receiving combination NanoCurc™ 

and gemcitabine regimen (see text for details).   

 

Supplementary Figure 4: Combinatorial therapy with NanoCurc™ and gemcitabine 

inhibits cyclin D1 and matrix metalloproteinase MMP-9 expression in orthotopic 

pancreatic cancer xenografts 

(a) Quantitative reverse transcriptase PCR (qRT-PCR) was performed to assess CCDN1 (cyclin 

D1) transcript levels in treated orthotopic Pa03C xenografts.  There is a significant reduction in 

CCDN1 mRNA levels in the combination arm compared to control and the two single-agent 

arms (double asterisks).  Cohorts of three independent xenografts were analyzed from each 

experimental condition, and GAPDH was used as housekeeping control.   

(b) qRT-PCR was performed to assess matrix metalloproteinase MMP9 transcript levels in 

treated orthotopic Pa03C xenografts.  There is a significant reduction in MMP9 mRNA levels in 

the combination arm compared to control and the two single-agent arms (double asterisks).  



  Bisht et al, Supplementary Data 

6 
 

Cohorts of three independent xenografts were analyzed from each experimental condition, and 

GAPDH was used as housekeeping control.   

(c) Western blot analysis was performed for measuring cyclin D1 and MMP-9 protein levels in 

the treated orthotopic Pa03C xenografts, using one representative xenograft from each 

experimental condition.  Reduction in cyclin D1 and MMP-9 levels (confirming the qRT-PCR 

data) is observed in the combination arm, including near total abrogation of MMP-9 expression.  

 

Supplementary Figure 5: 

Combination therapy of orthotopic Pa03C xenograft-bearing mice with gemcitabine, 

NanoCurc™ decreases proliferation and microvascular density.  

(Left panel): Immunohistochemistry was performed for nuclear MIB-1 (Ki-67) antigen 

expression, as a measure of cell proliferation.  Quantification was done by counting number of 

cells expressing Ki-67 in ten randomly selected 40X high power fields for each cohort, using 

four independent xenografts per treatment condition. There is a significant reduction in Ki-67 

labeling in the combination therapy group (single asterisk), but no significant differences are 

observed in the single-agent arms compared to control (void polymer)-treated mice. Histograms 

designate the mean +/- standard deviation for Ki-67 positive nuclei per 40X field.  

(Right panel) Immunohistochemistry was performed for nuclear CD31 antigen expression, as a 

measure of microvascular density.  Quantification was done by counting number of CD31-

positive vessels in ten randomly selected 40X high power fields for each cohort, using four 

independent xenografts per treatment condition. There is a significant reduction in microvascular 

density in the combination therapy group (single asterisk), but no significant differences are 

observed in the single-agent arms compared to control (void polymer)-treated mice. Histograms 

designate the mean +/- standard deviation for CD31-positive vessels per 40X field.  
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