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END OF DEPENDENCE OF ANIMAL TESTINGS
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VS. RABBIT TEST VS. 2D HUMAN MODEL

LIMITATIONS OF ANIMAL & 2D MODELS
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Freeze-Drying Solvent-Casting Electrospinning
Decell’ed

Animal Skin
Spheroids
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Traditional 3D fabrication methods for human tissue include:

LIMITATIONS

• Difficult control over cell, material composition 
and pore sizes

• Adverse effects of long pre-processing
• Data inconsistency due to human error
• Reliance on animal-derived components
• Necrotic cores

LIMITATIONS OF EXISTING 3D MODELS



SOLUTION
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DO BETTER RESEARCH WITH ROBOTIC SOLUTION

RETINA BONE MUSCLE & HEART
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DO BETTER RESEARCH WITH ROBOTIC SOLUTION

HEPA H14 FILTER

Recirculation

Circulating Fan

HEPA Filter H14

Ass. Circulating Fan

PLASMA STERILIZER

INCUBATOR
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DO BETTER RESEARCH WITH ROBOTIC SOLUTION

Mini-Liver
Drug Development

Safer, Contained
Vaccine Research

PCR Genotyping
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DO BETTER RESEARCH WITH ROBOTIC SOLUTION

SOFT HARD

Alginate PLA

Agarose PCL

Chitosan PLGA

Collagen/ColMA PLLA

Fibrin Nano-ceramics

Gelatin/GelMA Polyurethane

Pluronic F-127 Tri-calcium Phosphate

Hyaluronic acid Hydroxyapatite (HAp)

Cellulose Bioactive glass
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FAST TRACK TO MEDICAL COMMERCIALIZATION

(2019) SOFT TISSUE: DIABETIC FOOT ULCER SKIN

(2020) HARD TISSUE: CUSTOMIZED BONE IMPLANTS

Dr. INVIVO has already been used to treat patients in the operating room!
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TODAY’S FOCUS: BIOPRINTING HUMAN SKIN
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IN VIVO (IN SITU)

Wound Healing
In-Hospital Solution

IN VITRO

Toxicology
Basic Skin Research (Physiology)

Disease Modeling
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WORLD’S FIRST DFU SKIN REGENERATION WITH INVIVO®
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Dr.INVIVO
(3DBioprinter)

② Nano-fat processing with filters  

⑤ Remove the scaffold &   
apply only MA-ECM, a
shape of dermal patch
to the patient’s wound 

④ Printing scaffold
& MA-ECM 

③ Preparing bio-inks  

4weeks 5weeks 10weeks

⑥ Follow up the wound size and 
skin regeneration 

 Harvesting adipose-tissue by liposuction
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➔ 100% Epithelialization

(Wound Healing Rate: Ave. 4week )

17

20 PATIENTS: 100% EPITHELIALIZATION



Confidential & Proprietary | © ROKIT Healthcare Inc. 2020. All Rights Reserved

INTEGRATED 3D SCAN-PRINT SYSTEM
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3D Scanning DFU affected area

Automatic simulation of affected 

area and recovered simulation

Visualizing and save 3D Scan Data
(Point, Meshing, Hole Filling )

Scanning Program

All-in-one Program
(Scanner, Wound Recovery, Control DFU INVIVO  

Volume, size,  length of filamnet, Bioink)

③Flat Type

②Planar Type

①Curve Type

Pointing affected area by One-click 
- Measuring printing time based on size, 

volume of affected area

Wound Recovery Program

Scaffold Printing

Bioink1 Printing

Bioink2 Printing

Printing

DFU INVIVO

Application
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IN SITU – CURVE PRINT SYSTEM
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Dr. INVIVO 4D6
One-Touch
Horizontal -> Vertical Slicing
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EPIDERMIS

HUMAN SKIN EQUIVALENT (HSE): COMPOSITION

• Keratinocytes (90-95% of the components)
- Corneocytes (terminally differentiated)

• Langerhans cells (immunological response)

• Merkel-Ranvier cells (sensory reception)
• Melanocytes (skin pigmentation, UV 

protection)

DERMIS

• Fibroblasts: majority, with 
dense fibers

• Collagen and elastin 
fibers: structure, tensile 
strength, and elasticity

HYPODERMIS

• Adipose cells: fat 
storage and provides 
insulation and 
cushioning
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CRITERIA FOR SUCCESSFUL HSE
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Considerations of stratified cell crosstalk and signaling

Considerations of diverse cell types (i.e. keratinocytes, fibroblasts, 

immune cells and bacteria)

Considerations of human-to-human variations (age, race, hair, etc.)

Adherence to regulatory guidelines for in vitro skin tests
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Corrosion / Irritation

Lightening/MelanogenesisSensitization

Absorption / Penetration

APPLICATIONS OF THE HSE
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APPLICATIONS OF THE HSE

23

Drug Screening / Delivery

GenotoxicityAnti-aging

Phototoxicity / UV
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PUBLICATIONS USING HSE
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RECONSTRUCTED SKIN-DISEASE MODELS

FUTURE DIRECTION

Skin reconstructs of different stages of melanomas.
Metastatic melanoma cells grow in all directions and invade
deep into the dermis as single cells or clusters.

CANCER WOUND HEALING

Wound healing process after injury with a laser. 
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PUBLICATIONS USING HSE
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RECONSTRUCTED SKIN-DISEASE MODELS

FUTURE DIRECTION

Macroscopic and histological analyses of the tissue
-engineered psoriatic substitutes. the tissue-engineered 
psoriatic substitutes treated with cytokines display further 
irregular epidermis with protuberances and thinner region
s, which is typical of psoriatic tissues.

PSORIASIS ATOPIC DERMATITIS

Difference between normal RE and CRE model.
The inflammatory cocktail alters the morphology 
and epidermal protein expression in reconstructe
d epidermis.
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PUBLICATIONS USING HSE
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AGING

Alessandro Garziano on 01 June 2016.
SCIENTIFIC REPORTS | (2018) 8:13434

Toxicology in Vitro(2018), S0887-2333(18)30355-2

HAIR

✓ The model presented in this study is a 3D reconstructed human 
epidermis model

developed from keratinocytes that were isolated from human skin.
✓ It is alternatively possible to select the age, the gender, or the 

ethnicity of the donors, and the differentiation stage of the tissue 
in order to develop specific models.

✓ The goal of this study is to develop skin substitutes with greater homology to 
native skin, in terms of dermis layer, extra cellular matrix, epidermal 
differentiated layer, and hair follicles.

✓ The introduction of anagen hairs in our 3D human skin equivalent, 
demonstrates the relevance of the endogenous ECM. The mature hair follicles 
are able to growth in several kind of conditions, fresh medium, conditioned 
medium, in exogenous ECM and fibroblasts

Engineered building blocks to print endogenous tissues and complex 
organs in vitro 

Property characterization of reconstructed human epidermis 
equivalents, and performance as a skin irritation model

RECONSTRUCTED HUMAN SKIN VARIATION MODELS
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AGE OF ON-DEMAND RESEARCH SOLUTIONS
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EPITEM, THE HUMAN SKIN ON-DEMAND
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Bioink KIT                 Media KIT                    Cell KIT                        Protocol

+          +         +           +    

4D6

EpiTem: 3D Bioprinted HSE

EpiTem Creator Kit

“I’D LIKE TO USE READY-TO-USE 3D BIOPRINTED HUMAN EPIDERMIS”

“I’D LIKE TO EXPLORE DIVERSE HUMAN SKIN STUDY DESIGNS ON MY OWN”

Bioprinter, Dr. INVIVO

• EPITEM: EPIDERMIS

• EPITEM FT: 
EPIDERMIS + 
DERMIS
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EPITEM VALIDATION: STRUCTURAL & FUNCTIONAL
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Advanced, Customized

Human Skin Equivalent

To be used 

in Cosmetic, Chemical & 

Pharmaceutical industry

Discover

EpiTem

OECD TG431/439

Drug Screening/Delivery TestWhitening/Aging model Test

Absorption/Penetration Test
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BIOPRINTING: AUTOMATED, HUMAN, SMART SOLUTION

BIOPRINTING IS A PLATFORM BIO-MANUFACTURING TECHNOLOGY

WITH APPLICATIONS FOR ALL MAJOR-FUNDED RESEARCH FIELDS

• Source: Ong, C. S. (2017). 3D bioprinting using stem cells. Nature. & Gopinathan, J. (2018). Recent trends in bioinks for 3D printing. Biomaterials.

Organ systems Cell Types used in 3D Bioprinting

Cardiovascular 
tissue

ESCs (8)
MSCs(10, 18, 19)
Cardiac progenitor cells (11, 12, 14)
IPSC-derived cardiomyocytes (13, 20)
Adipose-derived stromal vascular fraction cells (21)
Myoblasts (15, 19)a

Musculoskeletal
tissue

MSCs (36)
MDSCs (35)
Myoblasts (31, 32)a

Neural tissue

ESCs(41, 42)
MSCs (7, 43)
Glioma stem cells (40)
NSCs(39, 46, 47)

Hepatic tissue

iPSC-derived (51, 54)or ESC-derived(54)
hepatocyte-like cells
iPSC-derived hepatic progenitor cells (57)
ADSCs (57, 59)
Hepatocellular carcinoma cells (52)a

Adipose tissue ADSCs(61)

Skin tissue

AFSCs (65)
MSCs (65, 66, 67, 70)
ADSCs (70)
Epithelial progenitor cells (69)

Bioink polymers Bioink concentration Applications Reference

Collagen 0.223% Perfusable artificial tissue [34, 121, 122, 124]

Collagen/alginate 15 mg/mL collagen
0.1 g/mL alginate

Cartilage TE

Gelatin 10–20% TE, stem cell, & cancer research [72, 121, 122, 125, 126]

Gelatin/ Agarose 0.06% Heart valve regeneration

Gelatin with transglutaminase (TG) 5% (w/v) with 2.5–20 units of 
TG/g of gelatin

Tumor modeling & regenerative 
medicine.

Hyaluronic acid (HA) with gelatin 0.5% (w/v) HA-Ph, 3.0% (w/v
) Gelatin-Ph, Ru(II) & SPS

TE & regenerative medicine [79, 80, 122, 127]

HA with methylcellulose (MC) 2.0 wt% HA, 5–9 wt% of MC TE

Fibrin 10 mg/ml, 20 U/ml Nerve TE

Silk/PEG 5–10% w/v TE [97, 122]

Decellularized the adipose (adECM), 
cartilage (cdECM) & heart (hdECM)

3% TE, in vitro drug screening & tiss
ue/cancer model.

[100, 103, 122]

HdECM with vitamin B2 & VEGF 20 mg/Ml Cardiac TE

CELLS

BIOINKS

MANUFACTURED 
HUMAN TISSUES

PLATFORM

https://www.nature.com/articles/pr2017252#ref-CR8
https://www.nature.com/articles/pr2017252#ref-CR10
https://www.nature.com/articles/pr2017252#ref-CR18
https://www.nature.com/articles/pr2017252#ref-CR19
https://www.nature.com/articles/pr2017252#ref-CR11
https://www.nature.com/articles/pr2017252#ref-CR12
https://www.nature.com/articles/pr2017252#ref-CR14
https://www.nature.com/articles/pr2017252#ref-CR13
https://www.nature.com/articles/pr2017252#ref-CR20
https://www.nature.com/articles/pr2017252#ref-CR21
https://www.nature.com/articles/pr2017252#ref-CR15
https://www.nature.com/articles/pr2017252#ref-CR19
https://www.nature.com/articles/pr2017252#ref-CR36
https://www.nature.com/articles/pr2017252#ref-CR35
https://www.nature.com/articles/pr2017252#ref-CR31
https://www.nature.com/articles/pr2017252#ref-CR32
https://www.nature.com/articles/pr2017252#ref-CR41
https://www.nature.com/articles/pr2017252#ref-CR42
https://www.nature.com/articles/pr2017252#ref-CR7
https://www.nature.com/articles/pr2017252#ref-CR43
https://www.nature.com/articles/pr2017252#ref-CR40
https://www.nature.com/articles/pr2017252#ref-CR39
https://www.nature.com/articles/pr2017252#ref-CR46
https://www.nature.com/articles/pr2017252#ref-CR47
https://www.nature.com/articles/pr2017252#ref-CR51
https://www.nature.com/articles/pr2017252#ref-CR54
https://www.nature.com/articles/pr2017252#ref-CR54
https://www.nature.com/articles/pr2017252#ref-CR57
https://www.nature.com/articles/pr2017252#ref-CR57
https://www.nature.com/articles/pr2017252#ref-CR59
https://www.nature.com/articles/pr2017252#ref-CR52
https://www.nature.com/articles/pr2017252#ref-CR61
https://www.nature.com/articles/pr2017252#ref-CR65
https://www.nature.com/articles/pr2017252#ref-CR65
https://www.nature.com/articles/pr2017252#ref-CR66
https://www.nature.com/articles/pr2017252#ref-CR67
https://www.nature.com/articles/pr2017252#ref-CR70
https://www.nature.com/articles/pr2017252#ref-CR70
https://www.nature.com/articles/pr2017252#ref-CR69
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR34
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR121
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR122
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR124
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR72
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR121
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR122
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR125
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR126
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR79
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR80
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR122
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR127
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR97
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR122
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR100
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR103
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-018-0122-1#ref-CR122
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