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WE REALLY NEED A QUALITY ASSURANCE SYSTEM?

1992-1997
Institute of Microbiology and Virology
University of Udine
Faculty of Medicine
PEOPLE: 30
TYPE: Public Institution
QUALITY ASSURANCE: NO
ACCREDITATIONS: NO

DIAGNOSTIC 

REQUEST
LABORATORY REPORT

IDEA LABORATORY PAPER



LESSON LEARNED

PRO

• You do not use your time to fill Great 
Mountains of Paper (GMP)

• You can easily hide your mistakes
• You can make a change in you method

simply changing the SOP

CONS
• The process «could» be out of control
• Difficult to trace a mistake

- A QA SYSTEM IS MORE THAN A COLLECTION OF SOPs IN A 
NOTEBOOK

- DO NOT FORGET TO MAINTAIN YOUR ISTRUMENTATION



TISSUE ENGINEERING

1998-2003
CO.RI.BI 

University of Udine
EMPLOYEES: 10
TYPE: Public-Private Consortium
QUALITY ASSURANCE: ISO
ACCREDITATIONS: NO
AIM: tissue engineriing

PRODUCTS: 
- Bioartificial liver
- Cell separation systems
- Closed systems for UCB banking

TRANSP
LANT  

CENTRE

LAB

COMPANY

TE 
PRODUCT

CLINICAL 
NEED



THE BIOARTIFICIAL LIVER

CELL SOURCE: 
- Porcine hepatocyte from the abbattoir
- Cryopreserved human hepatocytes

from deceased donors

QUALITY CONTROL:
- Cell viability
- Sterility
- PERV (porcine endogenous retrovirus)

- PRODUCTION: laminar flow hood in 
an unclassified background

SIX PATIENTS TREATED AS A 
BRIDGE TO LIVER 
TRANSPLANTATION



LESSON LEARNED

PRO

• MINIMAL REGULATORY REQUIREMENTS 
(EC APPROVAL ONLY)

• LOW-COST MAINTENANCE OF THE 
LABORATORY

• FAST AND EASY IN VIVO TRANSLATION

CONS
• UNCONTROLLED RISK LEVEL FOR 

PATIENTS AND OPERATORS

A LOW REGULATORY REQUIREMENT ALLOWS FOR A FAST IN VIVO 
TRANSLATION



IN A GREAT MEDICAL DEVICE COMPANY
2003-2006
DIDECO (Mirandola, Modena)
EMPLOYEES: 800
IN R&D: 40
CLEAN ROOM: 5,000 m² 
TYPE: Private
QUALITY ASSURANCE: ISO
PRODUCTS: cardiopulmonary, 
blood management, cellular
therapies



COMPANY ORGANIZATION

- QA: A SOLID ISO SYSTEM 
WAS IN PLACE

- PRODUCTION SITE: FULLY 
COMPLIANT

- QC: FULLY COMPLIANT 
WITH MEDICAL DEVICE 
DIRECTIVE

- LOGISTIC

QA

RA

PRO

QC

MEDICAL 
DEVICE



CELLULAR THERAPY: THE PLURICELL SYSTEM

DISPOSABLE KIT
Closed expansion chamber
- Washing and collection bags

REAGENTS KIT

Ready to use cytokines
Ready to use growth media

EX-VIVO EXPANSION OF HEMATOPOIEIC PROGENITOR CELLS



PLURICELL PROCEDURE

UCB FROM 
UNRELATED 

DONOR

CD34+ 
SELECTION

(60 min.)

AFTER 12 DAYS 
HARVEST CELLS

(30 min.)
SEEDING IN 
PLURICELL

(15 min.)

AFTER 1 WEEK 
ADD MEDIA

(10 min.)

CELL 
INCUBATION 



KIT DISPOSABLE

Washing and 
collection bags

Sterilizing filters

Expansion 
chamber



PLURICELL HISTORY  AND PARADOX
� DIDECO PLURICELL WAS A CLASS 2b 

MEDICAL DEVICE

� CLASS 2b: device intended for modifying the 
biological composition of blood and 
intended for infusion into the body

� NOTIFIED BODY: TÜV, Munich

DEVICE WAS ON THE MARKET BUT NEVER PURCHASED



LESSON LEARNED

PRO

• REGULATORY REQUIREMENTS  FOR 
MEDICAL DEVICE WELL DEFINED

• COMPLETE COMPANY ORGANIZATION 
(MKT, QA, QC, PRO, REGULATORY, LOGISTIC

• FINANCIAL RESOURCES

CONS
• REVENUES!
• MARKET NOT YET READY
• REGULATION ON ATMP NOT YET «IN PLACE»
• SLOW INTERACTION WITH HIGH MANAGEMENT  

• MAKE A SOLID MARKET PLAN BEFORE STARTING
• WAIT FOR CLEAR REGULATORY REQUIREMENTS: INTERACT 

WITH YOUR REGULATORY AGENCY AS FAR THIS IS POSSIBLE



CARDIOCENTRO TICINO
2006-2010
CARDIOCENTRO TICINO (Lugano, Switzerland)
EMPLOYEES: 280 people
SPECIALIZATION: cardiology, cardiosurgery, 

CARDIO
LOGY

CARDI
AC 

SURGE
RY

ICU

CLINICAL 
OUTCOME

CLINICAL 
NEED



REGULATIONS
LEGAL BASIS

Regulation on  ATMPs 1394/2007 

issued 10.12.2007

Federal law on organs, tissues 
and cell transplantation issued 
01.07.2007

• entities manufacturing or distributing
transplant products require an 
establishment licence from Swissmedic

• Swissmedic must be notified of clinical
trials that involve transplant products.



THE CELL FACTORY AT CARDIOCENTRO TICINO

WHAT I FOUND «ON SITE»:
FUNDINGS YES

«GMP» PERSONNEL NO

R&D NO

CLEAN ROOM NO



A NEW CLUSTER ORGANIZATION

CARDIOL
OGY

CARDIO

SURGERY

ICU

CLINICAL 
OUTCOME

CLINICAL 
NEED

FROM THIS

ATMP

R&D

CRO

CLINIC

ACADEMIC 
GMP 

CLINICAL  
TRIAL

TO THIS



PRIORITIES

TEAM 
BUILDING

FACILITIES

QUALIFIED 
PERSON!

QUALITY 
ASSURANCE 
AND 
REGULATORY

QUALITY 
CONTROL 
LABORATORY

GMP



TEAM BUILDING - DECISIONS

QUALIFIED 
PERSON AND 

QA MANAGER

CLINICAL 
ENGINEERING

PRODUCTION
QUALITY 
CONTROL

- SEARCH ONLY «GMP TRAINED» PEOPLE RECRUITED FROM 
«PHARMA»

- START WITH THE MINIMAL NUMBER OF PEOPLE REQUESTED BY 
GMPs



04/2006 

START

09/2006 

CLEAN ROOM 
COMPLETED

2008 

QUALITY 
SYSTEM 

COMPLETED

03/2008 

START 
VALIDATION

09/2008 
SWISSMEDIC 
INSPECTION

11/2008 

GMP 
CERTIFICATION

30 MONTS FROM «START» TO ACCREDITATION

133  SOP

82 
COLLECTORS

33.800 SHEETS



THE FACILITY

- TWO LABS IN POSITIVE ∆P 
- MANUFACTURER: BACKGROUND WITH ACADEMIC GMPs
- CONSULTIANT: BACKGROUND WITH BIOLOGICS IN PHARMA



PRODUCTION AREA



AIR MONITORING

8 FIXED POINTS IN A/B AREA

PORTABLE SAMPLING IN 
C/D AREA

ACTIVE MICROBIOLOGICAL SAMPLING



THE QUALITY CONTROL LAB:

IN HOUSE OR OUTSOURCING?

PRO CONS

CHEAP? INITIAL INVESTMENT 
(INSTRUMENTATION,) 
PREMISES,VALIDATION)

FAST REQUIRES 
AUTHORIZATION

FLEXIBLE SKILLED PERSONNEL



IIN HOUSE QUALITY CONTROL

ANALYTICAL METHODS

STERILITY EuPh 2.6.1

MICROBIOLOGICAL CONTROL OF CELL SUSPENSIONS EuPh 2.6.27

ENDOTOXINS EuPh 2.6.14

TOTAL COUNT OF AEROBIC MICROORGANISMS (EUPH 2.6.12) EuPh 2.6.12

CELL COUNT AND VITALITY ASSESSMENT VIA FLOW 
CYTOMETRIC ANALYSIS (EUPH 2.6.29)

EuPh 2.6.29

FLOW CYTOMETRIC ANALYSIS WITH CELL SURFACE 
MARKERS (EUPH 2.6.24)

EuPh 2.6.24



CLINICAL PROTOCOLS AT CARDIOCENTRO TICINO

Name Patients Study Type Cells Route of 

administration

Approval

status

STIM AMI
Monocentric

Safety
BM-MNC

Intracoronaric 

s-top

Flow Technique

Completed

SWISS

AMI
AMI

Multicentric

Randomized
BM-MNC

Intracoronaric 

s-top

Flow Technique

Completed

METHOD CHF
Monocentric

Randomized
BM-MNC

Transendocardic 

Noga Guided
Ongoing

YNSTEM AMI
Multicentric

Double blind

CD133 +

Selected cell

Intramiocardial

During CABG
Ongoing

CIRCULATE Critical limb ischemia
Monocentric

Randomized
BM-MNC Intra Arterial Ongoing



THE SWISS-AMI CLINICAL TRIAL

Berne

Zurich

Lucerne

LuganoLugano

Swiss multicenter Intracoronary Stem cells Study in Acute Myocardial Infarction



SWISS-AMI STUDY DESIGN

• 210 PATIENTS ENROLLED 
• (the most extensive CT in cardiac

regeneration)

• PRIMARIY ENDPOINT: CHANGE 
IN GLOBAL LVEF BY CARDIAC 
MRI AT 4 MO

• CELL INFUSION: BY USING AN 
OVER THE WIRE BALLOON 
CATHETER (STOP FLOW 
TECHNIQUE)



THE SWISS-AMI CLINICAL TRIAL

PRODUCT RELEASE

LUGANO

LUCERNE

BERNE

ZURICH

BONE MARROW 

PROCESSING I
C
el
l F

ac
to
ry

BONE MARROW 

COLLECTION

INTRA 

MIOCARDIAL

INJECTION



THE SWISS-AMI CLINICAL TRIAL

RESULTS AT 4 
MONTHS
LVEF CONTROL: -0.4%
LVEF “EARLY”: +1.8%
LVEF “LATE: +0.8%



STRATEGIES TO SURVIVE

FLOW CYTOMETRY
•Cell cycle
•Viability
•Apoptosis
•Cell phenotype

ELISA/ELISPOT

•Ab
•Cytokines
•Functional assays (cytotoxicity, MLR, proliferation)

STERILITY

ENDOTOXINS

PCR
Gene expression

• Mycoplasma

P1 

PRODUCT DESIGN 
& DEVELOPMENT

P2

PROCESS 
DEVELOPMENT 

AND VALIDATION

P3

CONTRACT 
MANUFACTURING



LESSON LEARNED

PRO

• small organization, fast decision-making
• quick communication between the GMP team and the 

direction
• “reduced” bureaucracy allows communication between 

GMP team and regulatory agencies
• Good funding allows selection of qualified personnel

CONS
• Harmonization EU-CH
• Small territory (cases reduced)

LESSON LEARNED:  ACT AS ACADEMIA BUT 
THNK AS A COMPANY 



LABORATORY OF ADVANCED CELLULAR THERAPIES (LTCA)

2011-PRESENT
VICENZA GENERAL HOSPITAL:  3889 EMPLOYEES
DEPARTMENT OF HEMATOLOGY AND CELLULAR 
THERAPIES: 95 EMPLOYEES

TRANSPLANT

HEMATOLOGY 
DEPARTMENT

TRANSFUSION 
CENTER AND 
BLOOD BANK

TRANSPLANT 
CENTRE

CRO

TRANSPLANT CENTRE:
ACCREDITATION: JACIE
AVERAGE NUMBER OF TRANSPLANTS /YEAR: 56
ALLOGENEIC: 23

ATMPs
AND 

TRANSPLANTS

HEMATOLOGY 
DEPARTMENT

TRANSFUSION 
CENTER AND 
BLOOD BANK

LABORATORY 
OF ADVANCED 

CELLULAR 
THERAPIES

TRANSPLANT 
CENTRE

CRO



THE ACADEMIC GMP NETWORK OF VENETO REGION

ABOUT 5 MILLION PEOPLE

VICENZA GENERAL  HOSPITAL
LABORATORIO DI TERAPIE CELLULARI AVANZATE
Cellular therapy in Hematology.  

1

1 5
4

32

VERONA UNIVERSITY HOSPITAL
Regenerative medicine (MSCs). Prof. M. Krampera

2

PADOVA UNIVERSITY HOSPITAL
Gene therapy. Prof. G. Palù

3

TREVISO REGIONAL HOSPITAL
Tissue Banking. Dott. A. Paolin

4

VENEZIA-MESTRE GENERAL HOSPITAL
EYE BANK FOUNDATION
Dott. D. Ponzin

5



THE LOCATION: PALAZZO GIUSTINIANI-BAGGIO (YEAR 1655)

BEFORE NOWDURING RESTORATION



THE «GMP» PROCESS FOR APPROVAL

RESOLUTION OF THE 
REGIONAL COUNCIL 
OF VENETO REGION

2009

HOSPITAL PREPARETHE 
PRELIMINARY PROJECT

2011

PROJECT APPROVED BY 
REGIONAL COMMISSION 

FOR THE HEALTH 
TECHNOLOGY 
ASSESSMENT

2011

PUBLISHING OF  AN 
INTERNATIONAL 
CONTRACT AND 

BUILDING

2012/2012



FROM BENCHTOP TO GMP

R&D
LABORATORY OF 

MINIMAL 
MANIPULATION

ACADEMIC GMP 
(CELL FACTORY)

QA: IMPLEMENTATION OF A «GMP» ENVIRONMENT

- QC
- Analytical methods

validated
- Instrumentation should

qualified IQ/OQ/PQ
- Environmental

monitoring
- Potency
- Identity
- Sterility
- Endotoxins
- Mycoplasma

PRODUCTION
- Product 

upscale
following
IMPD

R&D:
- Clinical grade 

reagents
should be 
used

- EuPh for 
analytical
methods



INVESTIGATIONAL MEDICINAL PRODUCT DOSSIER

QUALITY QUALITY QUALITY QUALITY NONNONNONNON----CLINICAL CLINICAL CLINICAL CLINICAL CLINICAL CLINICAL CLINICAL CLINICAL 

• STARTING MATERIALS 

(safety)

• MANUFACTURING 

PROCESS (design and 

validation)

• identity

• Purity

• Potency

• Tumorigenicity

• Genomic stability

• Animal models

• Biodistribution

• Tumorigenicity

• Differentiation “in vivo”

• Immune rejection

• pharmacodynamic/ 

pharmacokinetic 

• dose finding 

• efficacy 

• Safety

• Pharmacovigilance

Reflection paper on stem cell-based medicinal products

EMA/CAT/571134/2009

…NON CLINICAL DATA SHOULD BE PRODUCED UNDER GLP…

ARE WE IN COMPLIANCE?



MINIMAL 
MANIPULATION
• Cell banking
• Cell purging

SUBSTANTIAL 
MANIPULATION (ATMP)
• Ex-vivo expansion
• Genetic modification
• Cellular activation

MINIMAL AND SUBSTANTIAL MANIPULATION OF CELLS



LABORATORY OF MINIMAL MANIPULATION

• LAMINAR FLOW HOOD IN «A» CLASS
• TWO ROOMS IN  «D» CLASS
• CLINIMACS
• STERILE CONNECTON DEVICE
• CENTRIFUGE FOR BAGS



• Effective in molecular 

relapse

• Prevent GvHD

• Quantitative monitoring of 

WT1 expression in acute 

myeloid leukemia

• Early detection of relapse

CD8-DEPLETED DONOR 

LYMPHOCYTES INFUSION 

(DLI) AFTER RELAPSE

CLINICAL STRATEGIES IN MINIMAL MANIPULATION

CMV-SPECIFIC CD8+ T CELL 

SELECTION AGAINST VIRAL 

REACTIVATION AFTER HSCT

• Prophylaxis for CMV 

reactivation in 

transplanted patients

• Reducing recurrent CMV 

reactivation



TREATMENT OF PATIENTS RELAPSING AFTER 

ALLOGENEIC STEM CELL TRANSPLANTATION

CIK are non-MHC-restricted T cell population 

CD3+CD56+with antitumor potential both in vitro and in 
vivo obtained from PBMC after stimulation with INF-ϒ

anti CD3 Ab and IL2.
Lu and Negrin RS. J Immunol. 1994

ISOLATION AND EXPANSION OF 

CYTOKINE INDUCED KILLER (CIK) 

CELLS FROM PB-MNC

ADOPTIVE IMMUNOTHERAPY AGAINST CMV 

REACTIVATION AFTER HSCT
Feuchtinger et al., Blood, 2010

ISOLATION AND EXPANSION OF 

CMV-SPECIFIC T-CELLS BASED 

EITHER ON IFN-γγγγ PRODUCTION OR 
ACTIVATION-DEPENDENT 

EXPRESSION OF CD154

ATMPs

ISOLATION AND EXPANSION OF 

MESENCHYMAL STROMAL CELLS 

FROM BM, UCB, ADIPOSE TISSUE

TREATMENT OF ACUTE AND CHRONIC GVDH
Le Blank K., Leukemia 2007



FAST PRODUCTION OF HUMAN PLATELET LYSATE BY USING ULTRASOUNDS

BACKGROUND:

- The use of FBS is discouraged by regulatory authorities

- Human platelet lysate has been proposed as a possible

substitute of FBS.
Doucet et al., J Cell Physiol, 2005

WE HAVE DEVELOPED A FAST PRODUCTION METHOD BASED ON THE USE OF ULTRASOUNDS 

CAVITATION
• Occurs when ultrasound “hits” gas 

bubbles in fluids 
• The compression and rarefaction of the 

fluid make bubbles contract and 
expand. 

• If cells are present cavitation breaks cell 
membranes. 

PLATELET LYSATE IS READY IN 30 MINUTES INSTEAD OF 24 HRS 



“EFFICIENCY” OF PLATELET LYSATE IN THE EXPANSION OF BM –MSC

PLT LYSATE performed better 

in terms of doubling time than 

FBS

BM-MNC cultured in PLT

LYSATE:

1. expressed MSC markers

2. differentiate into adipo

osteo and chondro lineages

3. maintained

immunosuppressive activity

PDGF-AB release



“SAFETY” OF PLATELET LYSATE IN THE EXPANSION OF BM –MSC

KARIOTYPE:

no genetic alterations at P=7

THE MICRONUCLEUS ASSAY FOR GENOTOXICITY

(OECD GUDELINE 487, 22/08/2010)

Performed to evaluate the micronucleus frequency on

CHO cells exposed to PLT LYSATE

HIGH CONTENT IMAGING SYSTEM
OPERETTA, Perkin Elmer



Pre-clinical isolation and expansion of CMV-specific T-cells based either on 
IFNIFNIFNIFN----γ production production production production or activation-dependent expression of CD154CD154CD154CD154

Fresh whole blood from CMV+ donors 

a)a)a)a) IFNIFNIFNIFN---- λ SECRETION ASSAY SECRETION ASSAY SECRETION ASSAY SECRETION ASSAY 
b)b)b)b) CD154CD154CD154CD154----BASED SELECTIONBASED SELECTIONBASED SELECTIONBASED SELECTION

Density gradient separationDensity gradient separationDensity gradient separationDensity gradient separation

Cryopreservation 
of autologous 

PBMC

Generation of 
autologous feeder-cells

ADOPTIVE IMMUNOTHERAPY AGAINST CMV REACTIVATION 
AFTER HSCT

PBMCs

Cell preparationCell preparationCell preparationCell preparation

In vitro stimulation (In vitro stimulation (In vitro stimulation (In vitro stimulation (PeptivatorPeptivatorPeptivatorPeptivator, , , , MiltenyiMiltenyiMiltenyiMiltenyi))))

Magnetic labelingMagnetic labelingMagnetic labelingMagnetic labeling

ShortShortShortShort----term expansionterm expansionterm expansionterm expansion

ICC
PROLIFERATION

CYTOTOXICITY

MLR

CYTOKINE 
SECRETION

IFCMVCMVCMVCMV----T T T T 
FUNCTIONAL FUNCTIONAL FUNCTIONAL FUNCTIONAL 

CHARACTERIZATIONCHARACTERIZATIONCHARACTERIZATIONCHARACTERIZATION



LESSON LEARNED

PRO • Great hospital means great casistic
• Existence of a transplant centre (JACIE accredited) 

CONS
•Great dimensions means slow communication between 
the GMP team and direction
•bureaucracy and administrative steps slow down the 
process

LESSON LEARNED:  THINK AND ACT «GMP» AS 
SOON AS POSSIBLE



LESSON LEARNED

Don’t be afraid to act for fear of making a mistake. 
A man who never made a mistake, never made anything. 

(Robert Baden-Powell) 



LABORATORY OF ADVANCED CELLULAR THERAPIES

LTCA
• Francesco Rodeghiero
• Giuseppe Astori 
• Lara Albania
• Elena Albiero
• Martina Bernardi
• Silvia Castegnaro
• Katia Chieregato
• Cristina Zanon
• Alfredo Amoroso
• Alberto Monastero
• Sabrina Sella

TRANSPLANT CENTER
• Roberto Raimondi
• Carlo Borghero
• Francesca Elice
• Carlo Visco 

IMMUNOHEMATOLOGY AND 
BLOOD BANK

• Alberta Alghisi
• Chiara Lievore
• CinziaTagliaferri

HUMAN GENETICS
• Annamaria Montaldi
• Paola Celli

MICROBIOLOGY AND VIROLOGY
• Mario Rassu
• Francesca Furlan
• Michela Pascarella
• Martina Stevan

CIBIO UNIVERSITY OF TRENTO
• Alessandro Quattrone
• Valentina Adami


