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WHAT ARE TAMP SCAFFOLDS?ABSTRACT

As humans age, they encounter problems with deteriorating bones, requiring repair or • Tailored Amorphous Multi-Porous

FIGURE 1: Titanium hip implant

As humans age, they encounter problems with deteriorating bones, requiring repair or
replacement. A major drawback of current bone replacements, such as titanium and
ceramic hip implants, is that they are not permanent solutions. Due to the mismatch of

• Tailored Amorphous Multi-Porous

• Serve as a potential new biomaterial for

bone regeneration
ceramic hip implants, is that they are not permanent solutions. Due to the mismatch of
biological and mechanical properties between the implant and the body, a scar tissue
forms that inhibits the function of the tissue and the biomaterial. Tailored amorphous
multi-porous (TAMP) scaffolds manufactured and tested at Lehigh University offer a

bone regeneration

• Current implants are bioinert (FIGURE 1)

• TAMP scaffolds are bioactive andmulti-porous (TAMP) scaffolds manufactured and tested at Lehigh University offer a
better solution. These scaffolds are bioactive, meaning that they bond to host tissue,
therefore eliminating the formation of scar tissue. They are also biodegradable, leaving

• TAMP scaffolds are bioactive and

biodegradable (FIGURE 2)

• Macro-pores allow cells to colonize;therefore eliminating the formation of scar tissue. They are also biodegradable, leaving
healthy bone tissue in their place. TAMP scaffolds are manufactured using a novel sol-gel
process and contain both interconnected macro- and nano-pores. The macro-pores allow
cells to colonize and grow within the scaffold and the nano-sized pores increase surface

• Macro-pores allow cells to colonize;

nano-pores play role in cell adhesion,

biodegradability, mimicking the

extracellular matrix, etc.
cells to colonize and grow within the scaffold and the nano-sized pores increase surface
area to improve cell adhesion and nutrient and waste product exchange. The current
study evaluates the ability of the scaffolds to stimulate proliferation and differentiation of

extracellular matrix, etc.

MANUFACTURING PROCESS
study evaluates the ability of the scaffolds to stimulate proliferation and differentiation of
MC3T3-E1 pre-osteoblasts by testing for the presence of bone-specific markers on both
mRNA and protein levels. Hoechst nuclear stains were used to obtain cell counts on the
scaffolds over time. qRT-PCR was used to measure the amount of mRNA for bone-

MANUFACTURING PROCESS

FIGURE 2: TAMP scaffolds

scaffolds over time. qRT-PCR was used to measure the amount of mRNA for bone-
specific genes produced within differentiating cells. Western blots were used to detect
expression of these markers on protein level. Lastly a colorimetric enzymatic assay was

FIGURE 3: TAMP scaffold

manufacturing processexpression of these markers on protein level. Lastly a colorimetric enzymatic assay was
used to detect the amount of alkaline phosphatase (ALP), a typical marker expressed at
high levels in mature osteoblasts.

manufacturing process

as it is carried out in the

Materials Science and
GOALS

Characterize the biological properties of TAMP

Materials Science and

Engineering Department

at Lehigh UniversityCharacterize the biological properties of TAMP

scaffolds using MC3T3-E1 pre-osteoblasts as a

model cell line. Investigate their attachment,

proliferation and differentiation on TAMP scaffolds.

(Marques, A.C. et al. (2009), Journal of Materials

Research 24, 3495-3502)

proliferation and differentiation on TAMP scaffolds.

Determine gene expression of RunX2/Cbfa1 and

osteopontin (OPN/BSP-1) as early and late
DIFFERENTIATION EXAMINED ON mRNA LEVEL: qRT-PCR

osteopontin (OPN/BSP-1) as early and late

differentiation markers respectively on mRNA and

protein levels (FIGURE 4) . Detect the late markersprotein levels (FIGURE 4) . Detect the late markers

Collagen 1A (COL) and osteocalcin

(OSC/BGLAP) on mRNA level and the mid-
FIGURE 4: Differentiation scheme 

of MC3T3-E1 pre-osteoblasts(OSC/BGLAP) on mRNA level and the mid-

marker ALP by enzymatic activity.
of MC3T3-E1 pre-osteoblasts

RESULTS: ATTACHMENT, PROLIFERATION AND DIFFERENTIATION OF MC3T3-E1 

TAMP 

scaffolds

(Beck, G. J. et al. (2000). PNAS 97(15), 8352-8357. Yamaguchi, A. et al.

(2000). Endocrine Reviews 21.4 (2000): 393-411. )

ATTACHMENT AND PROLIFERATION STUDIES: NUCLEAR STAIN

RESULTS: ATTACHMENT, PROLIFERATION AND DIFFERENTIATION OF MC3T3-E1 
PRE-OSTEOBLAST CELLS ON TAMP SCAFFOLDS

scaffolds

Tissue 
ATTACHMENT AND PROLIFERATION STUDIES: NUCLEAR STAIN

Tissue 

culture 
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Day 1 Day 7 Day 14 Day 26

FIGURE 5 (ABOVE): Nuclei of cells growing

on TAMP scaffolds for 1, 7, 14 and 26

days were stained with Hoechst 33342

FIGURE 7: Amounts of bone-specific mRNA produced within cells

over time relative to Day 1. Cells were grown on TAMP scaffolds
days were stained with Hoechst 33342

fluorescent dye.

FIGURE 6 (LEFT): Cellular proliferation on

over time relative to Day 1. Cells were grown on TAMP scaffolds

(green) and on tissue culture plastic (red). On TAMP scaffolds,

OSC and Collagen 1A mRNA levels increase over time, RunX2

levels remain constant, and OPN levels fluctuate.FIGURE 6 (LEFT): Cellular proliferation on

scaffolds over time. The average number

of cells per mm2 increased from 13.2 to

levels remain constant, and OPN levels fluctuate.

CONCLUSIONS
of cells per mm increased from 13.2 to

630 over the 26 day study, equaling 5.5

cell cycles, doubling every 4.5 days. TAMP scaffolds promote:

DIFFERENTIATION EXAMINED ON PROTEIN

LEVEL: WESTERN BLOTS

DIFFERENTIATION EXAMINED ON

PROTEIN LEVEL: ALP ASSAY

cell cycles, doubling every 4.5 days. TAMP scaffolds promote:

• cell attachment as indicated by Hoechst staining of cell nuclei

• cell proliferation as shown by counting cells grown on scaffolds

over time (26 day period)
LEVEL: WESTERN BLOTS PROTEIN LEVEL: ALP ASSAY

FIGURE 8: Cells grown on TAMP scaffolds for

4 days were suspended in Reducing Sample

FIGURE 9: Using a colorimetric

enzymatic reaction between cellular

over time (26 day period)

• cell differentiation as indicated by the upregulation of:

I. osteoblast-specific marker gene mRNAs (RunX2,4 days were suspended in Reducing Sample

Buffer. RunX2 (MW 79 kDa), OPN (MW 36

kDa) and tubulin (MW 55 kDa) were detected

enzymatic reaction between cellular

ALP and pNPP, the relative amount

of ALP within cells grown on

I. osteoblast-specific marker gene mRNAs (RunX2,

OPN, OSC, Collagen 1A)

II. marker protein levels (RunX2, OPN; Western blots)kDa) and tubulin (MW 55 kDa) were detected

by Western blot.

of ALP within cells grown on

scaffolds is depicted in the graph.

ALP levels dramatically increase by

II. marker protein levels (RunX2, OPN; Western blots)

(ALP; colorimetric enzyme assay)

RunX2 OPN Tubulin
NEXT STEPS

ALP levels dramatically increase by

Day 21, suggesting differentiation

into osteoblasts.

RunX2 OPN Tubulin
NEXT STEPS

• Test scaffold bioactivity in model animals.

• Fabricate TAMP scaffolds with different chemical compositions• Fabricate TAMP scaffolds with different chemical compositions

and mechanical properties

• Fabricate scaffolds tailored specifically for different applications• Fabricate scaffolds tailored specifically for different applications

(load bearing, non-load bearing, slow vs. fast dissolution, etc.)
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