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Table 1 Proteins of human monoblastic leukemia cells (THP-1) changed by exposure to
CNTs as determined by proteomic analysis®

Gene ontology term Proteins

Biosynthetic process Heat shock protein -1, elongation factor 1-5,
DNA mismatch repair protein Msh2,
6-phosphogluconate dehydrogenase
decarboxylating, triosephosphate isomerase

Signal transduction/cell Elongation factor 1-3, DNA mismatch repair

communication protein Msh2, 14-3-3 protein v,
serine/threonine-protein phosphatase 2A 55
kDa regulatory subunit B o isoform, protein
DJ-1

Carbohydrate metabolic process 6-phosphogluconate dehydrogenase
decarboxylating, triosephosphate isomerase,
serine/threonine-protein phosphatase PP1-a
catalytic subunit, a-ketoglutarate
dehydrogenase, neutral a-glucosidase AB

Nucleobase, nucleoside, nucleotide DNA mismatch repair protein Msh2,

and nucleic acid metabolic process 6-phosphogluconate dehydrogenase
decarboxylating, triosephosphate isomerase,
DNA damage-binding protein 1

Protein metabolic process Actin related protein 2/3 complex subunit 2,
serine/threonine-protein phosphatase PP1-a
catalytic subunit, serine/threonine-protein
phosphatase 2A 55 kDa regulatory subunit B
a isoform, DNA damage-binding protein 1

Catalytic process 6-phosphogluconate dehydrogenase
decarboxylating, triosephosphate isomerase,
a-ketoglutarate dehydrogenase, DNA
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Multicellular organismal
development

Response to stress

Cell differentiation

Cell cycle

Transport

Cell death

Organelle organization and

biogenesis

Translation

Lipid metabolic process

damage-binding protein 1

DNA mismatch repair protein Msh2,
triosephosphate isomerase, 14-3-3 protein v,
serine/threonine-protein phosphatase PP1-a
catalytic subunit

Heat shock protein B-1, DNA mismatch
repair protein Msh2, DNA damage-binding

protein 1, protein DJ-1

Heat shock protein -1, DNA mismatch
repair protein Msh2, 14-3-3 protein y

DNA mismatch repair protein Msh2,
serine/threonine-protein phosphatase PP1-o.
catalytic subunit, DNA damage-binding
protein 1

14-3-3 protein vy, protein DJ-1

Heat shock protein -1, DNA mismatch
repair protein Msh2

Actin related protein 2/3 complex subunit 2,
DNA mismatch repair protein Msh2

Heat shock protein -1, elongation factor 1-5

Triosephosphate isomerase

2Adapted with permission from ref. 463. Copyright 2011 Elsevier.
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Table 2 Comparison of characteristics of CNTs and carbon black

Characteristic CNT Carbon Black
Composition High-purity carbon High-purity carbon
Size Nano-sized Nano-sized

Shape Fibrous particle Spherical particle
Surface chemistry Hydrophobic Hydrophobic

97



Table 3 Neoplastic changes in rasH2 mice implanted with CNT, carbon black, solvent
or N-methyl-N-nitrosourea (MNU) solution®

control carbon CNT MNU
black
Organ Diagnosis/total number 10 10 10 10
Skin (back area) Papilloma 0 0 0 2
Keratoacanthoma 0 0 0 0
Skin (face) Papilloma 0 0 0 3
Keratoacanthoma 0 0 0 0
Skin (thigh) Papilloma 0 0 0 1
Keratoacanthoma 0 0 0 0
Spleen Inflammatory pseudotumor 0 0 1 0
Hemangioma 0 1 0 0
Hematopoietic .
system Malignant lymphoma 0 0 0 2
Epithelial thymoma 0 0 0 0
Kidneys Hemangioma 0 0 0 0
Pancreas Hemangioma 0 0 0 0
Lungs Adenocarcinoma 0 0 0 0
Adenoma 0 1 0 1
Hemangioma 0 0 0 0
Forestomach Papilloma 0 0 0 10*
Basal cell tumor 0 0 0 0
Squamous cell carcinoma 0 0 0 0
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Perineal Papilloma 0 0 0 Sk

* *¥% : significant differences at p=0.0000054125 and p=0.016254, respectively
(Fisher’s direct method).

2Adapted with permission from ref. 98. Copyright 2012 Nature Publishing Group.
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Table 4 Stages of clinical application of CNT-based biomaterials™*

Stage Nature of Siteofuse Degree of in Risk Example of use
the vivo
biomaterial exposure
Stage 1 Composite  Topical None/low None/low  Atrtificial joints
and interbody

fusion materials

Stage 2 Particulate  Topical Intermediate Low/inter DDSs and imaging
mediate for cancer
treatment

Stage 3 Particulate ~ Topical Intermediate Low/inter Regenerative
mediate medicine scaffolds
and DDS for
topical treatments

Stage 4** Particulate = Systemic =~ High High DDSs and imaging
that circulate via
bloodstream

*: Clinical application of CNTs to biomaterials should progress demonstrating the
safety at each stage.

**. The decision of proceed to Stage 4 requires extremely careful consideration.
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