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Abbreviations
CLM: Confocal Laser Microscopy; VOC: Volatile Organic Compounds

Introduction
Chronic lung diseases represent a major cause of disability. They are the third cause of death in 

the western world, surpassed only by cancer and cardiovascular diseases [1]. The disability inflicted 
by pulmonary diseases is the consequence of years of evolution, paucity and non-specificity of 
symptoms, delayed diagnosis and the lack of a significant therapy that may impact their prognosis. 
While excluding lung cancer, these chronic lung diseases progress for years and represent a serious 
burden for health and social frameworks [2]. Individuals, families and nations are affected by the 
lack of early diagnosis and available therapies. Medical technology advances in the recent years, 
mainly in radiologic and endoscopic imaging allowed a better understanding of disease evolution. 
Pharmaceutical industries develop new drugs that try to affect disease mechanism rather than 
treating symptoms. However, both diagnostic and therapeutic procedures lack definitive disease 
specificity and are associated with significant side effect morbidity and even mortality. Medical 
science and industry interaction has the purpose of providing better solutions in both diagnosis and 
therapy. Transferring knowledge from basic sciences to clinical medicine and improving access, 
organization and coordination of systems of care is defined as translational research. The Institute 
of Medicine's Clinical Research Roundtable described two "translational blocks" in the clinical 
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Abstract
Pulmonary medicine is a dynamic discipline. Degenerative and malignant lung disorders have a 
serious impact on health services all over the world and tremendous efforts are being made for 
developing new diagnostic technologies and therapeutic options. In translational research, 
knowledge from basic science is transferred to clinical medicine. However the diagnostic and 
therapeutic challenges we face in "real life" daily medical practice require a more pragmatic 
approach. The suggested concept of "inverse” translational research is based on a process of 
presenting these unsolved dilemmas to the academic and bio-pharma industries scientific 
communities. This methodology may save research time and financial resources both in diagnostic 
and therapeutic procedures. Diagnostic methods in pulmonary medicine are based on clinical and 
physiological examinations of the disease process. Imaging by various radiologic techniques are 
usually a step towards the biopsy of the lesion and the final diagnostic relies on staining techniques 
for microscopy and observer experience. The latest technological advances are reaching now the 
imaging in real time of cellular morphology and functions by using the fluorescent properties of 
tissues when irradiated by LASER. Improved survival following oncological surgery is based on the 
"free margins” diagnosis at pathological examination. Real time (intra-operatory) examination of 
the tissues margins following resection may improve results by preventing local relapse of disease. 
Special fluorescent dyes administered immediately after the tumor resection and traced by special 
bio-photonic technologies are tested for this purpose. Therapeutic options are now switching from 
new drugs and medical devices development towards tissue engineering by cell engraftment in

Biological compatible scaffolds. This technology may theoretically apply in chronic diffuse disorders 
as emphysema or replacing "damaged" areas in localized diseases as lobar bronchiectasis or agenesis. 
"Lung in a chip" is a real alternative for animal models in studying new drug properties and tissue 
activity. Theranostics combine diagnostic and therapeutic methods for personalized or precise 
medicine.

Keywords: Translational research; Pulmonary; Radiologic techniques

Shulimzon TR*

Interventional Pulmonology Unit, Tel Aviv University, Israel



Shulimzon TR Remedy Open Access - Clinical Respiratory Medicine

Remedy Publications LLC., | http://remedyoa.com/ 2016 | Volume 1 | Article 10192

research enterprise labeled as T1 and T2. T1 represents the transfer of 
new understanding of disease mechanisms gained in the laboratory 
into the development of new methods for diagnosis, therapy and 
their first testing in humans. T2 represents the translation of results 
from clinical studies to every day clinical practice and heath decision 
making [3]. A more realistic and practical approach may be to 
recognize major diagnostic and therapeutic challenges in clinical 
practice and present them for solutions to the scientific/industrial 
communities. So instead of trying to apply the laboratory advances 
into clinical applications (from bench to bedside) it may be better to 
identify the bedside clinical dilemmas and try to resolve them in the 
lab. In this article, I shall try to describe this "inverse" translational 
research perspective based on the latest diagnostic and therapeutic 
advances.

Diagnostic advances
 Following clinical information and physical examination, 

disease diagnosis is based on cellular morphology identification and 
meticulous analysis of changes in physiological pathways. In lung 
disorders, morphology investigation is performed mainly by imaging 
techniques – radiology or endoscopy. Functional investigation relies 
usually on pulmonary function tests. The technology of positron 
emission tomography (PET) is aimed to diagnose in both fields 
(morphology and physiology) by adding the glucose pathway changes 
in disease with anatomical changes by computed tomography (CT) 
[4]. However these in vivo tests fail in reaching the cellular resolution 
and the definitive diagnosis is made at last by the microscopic 
examination of ex vivo tissue. Novel diagnostic technologies were 
developed and they are able to visualize cell morphology in vivo. 
The 2014 Nobel Prize for chemistry honored the pioneers of the 
super resolution fluorescence microscopy. "The prize is about how 
the optical microscope became a nanoscope" said Staffan Normark, 
Permanent Secretary of the Royal Swedish Academy of Sciences 
in announcing the decision. Indeed tissue –light interaction is the 
fundamental of microscopy [5]. Tissue components have the unique 
feature of fluorescence when irradiated with adequate length light 
beams. These components are named fluorophores and they may 
exist in cellular structures (autofluorescence) like mitochondria 
and lysosomes or extracellular matrix due to proteins like collagen 
and elastin. Fluorophores may be also used as tracers when 
attached to a macromolecule (dyes, bioreactive agents and etc). The 
popular fluorescein derivate FITC (fluorescein isothiocyanate) and 
indocyanine green have been used in various medical indications 
for years. They induce tissue fluorescence. These properties opened 
the field of biophotonic microscopy and the ability of laboratory 
investigation of both cell morphology and function [6]. But the 
clinical application was still lacking. The confocal laser microscopy 
(CLM) is combining the advantages of the confocal microscopy over 
"classical" microscopy with the ability of some laser beams to provoke 
tissue autofluorescence or fluorescence induced by dyes. A low power 
laser is usually used to focus on a tissue point and the irradiated 
light is returning through a pinhole (confocal) to the detector. 
While scanning this two-dimensional imaging plane, it rejects the 
light outside the point and the result is a non-blurred image. CLM 
use in endoscopy is named confocal laser endomicroscopy [7]. Like 
in ex vivo situation, in endomicroscopy the lens has to be close to 
the investigated tissue and even touch it in vivo ("touch and see" 
procedure). Two types of devices are commercially available: one 
based on a built in scanner at the tip of an endoscope (Optiscan/
Pentax colonoscope Australia/Japan) and the other based on a probe 

made of a bundle of optic fibers able to pass the working channel 
of usual endoscopes (Cellvizio, MaunaKea Technologies, France) 
[8]. When this probe is introduced through the working channel 
of a flexible bronchoscope it may conduct a 488 nm laser beam 
to touch tracheobronchial walls or alveolar tissue. The real time 
moving images at the alveolar level are the first in vivo examination 
obtained by an endoscopic technology. They have an optical area of 
0, 28 mm2 at a video frame rate of 12 images per second. The probe 
may analyze to a depth of 50 microns, with a lateral resolution of 
3 microns. Dedicated software may assist in image interpretation. 
Based on autofluorescence properties of lung tissues, morphologic 
changes may be described at the tracheobronchial wall, alveolar 
ducts and septa. Cells are still difficult to identify with the exception 
of "activated” or tar laden macrophages (Figure 1). New dyes and 
probes may improve the real time diagnosis [9]. The search for non-
invasive methods of diagnosis is not limited to endoscopy. One of 
the fascinating developments in recent years approaches pulmonary 
disease diagnosis by examining the exhaled breath. Exhaled volatile 
organic compounds (VOC) analysis is promising candidates for 
lung cancer biomarkers. VOCs are emitted from malignant cells 
membrane and surrounding microenvironment to the blood stream. 
The blood chemistry induced changes are analyzed by exhaled breath 
investigation through mass spectrometry techniques or with nano-

Figure 1: Probe Confocal Laser Endomicroscopy with Cell vizio Alveoscopy 
image of normal lung tissue: alveolar septae (yellow arrow) and cellular 
morphology, possible macrophage (red arrow).

Figure 2: Graphical representation of the first canonical score values for 
patients with malignant nodules that differentiate between adenocarcinoma 
and squamous cell lung cancer that were obtained from a chemical nano 
array containing gold nanoparticle sensors. Each point represents one 
patient. The positions of the mean values are marked with □, the boxes 
correspond to the 95% confidence limits and the error bars correspond to the 
standard deviation. The confidence intervals are significantly separated (p< 
0,0001) (reproduced with author permission from [10]).
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arrays of chemical sensors [10]. This technology made possible to 
discriminate between benign and malignant pulmonary nodules in 
a high risk cohort. It also allowed differentiation of adenocarcinoma 
from squamous cell carcinoma and localized from advanced disease 
(Figure 2,3). Gold nanoparticles and gas-chromatography - mass 
spectrometry analysis further differentiated between small cell and 
non- small cell lung cancer subtypes [11]. A volatile fingerprint 
assay was also developed to differentiate genetic mutations in cancer 
cells associated with targeted therapy in personalized oncologic 
therapy [12]. Hypericin loaded bioconjugated gold nanoparticles 
are sensitizers that may be used as optical probes for any imaging 
technology such as confocal laser endomicroscopy previously 
described, but also optical coherence tomography (OCT) or Surface 
Enhanced Raman Scattering (SERS) based bio-sensing [13]. The 
last mentionable outstanding technology refers to detection of 
lung cancer mutations in body fluids. In non-small cell lung cancer 
(NSCLC), epidermal growth factor receptor (EGFR) mutations have 
emerged as important biomarkers in predicting the response to the 
EGFR tyrosine kinase inhibitors. Tissue sampling is time consuming 
and technically difficult to perform (especially repeated biopsies) 
and requires expensive laboratory methods for analysis. The analysis 
of circulating tumor DNA in blood or tumor cell identification is 
both in validation studies. A novel core technology addresses these 
limitations by investigating the EGFR mutations in saliva samples of 
patients with NSCLC. It is named electric field–induced release and 
measurement (EFIRM) [14]. All these technologies need validation 
in large studies before deciding on their use in common clinical 
practice. If accepted, they may have a tremendous impact on real 
time diagnosis, surgical margins examination in operative procedure 
or targeting therapy.

Therapeutic advances
The bottom line of any diagnostic algorithm is treatment in order 

to improve life quality. Like in other specialties, respiratory medicine 
is focusing on medication or surgical procedures for this purpose. 
However an important fraction of lung disorders are degenerative, 
meaning that tissue destruction led to the absence of a biologic 
target for drugs. If surgical procedures are not available, then we 
reach a dead end that frustrates both the medical professional and 
the patient. Lung transplant is a "limited" solution mainly due to 
worldwide shortage of available donors. This somber prediction is 

changing lately. Tissue engineering (TE) is becoming more clinically 
oriented and as techniques evolve, its application is expanding. TE is 
addressing the fascinating field of replacing non-functioning or absent 
tissues or even organs with cells that are populating specific three 
dimensional extracellular matrix and vasculature "built” in laboratory. 
The fundamental of this concept is that micro and nano-scale cues 
in the milieu around the cells influence their growth and metabolic 
activities. Thus they may be the basis of tissue morphogenesis [15,16]. 
Two main issues have to be addressed: the development of biological 
scaffolds and the delivery of reparative cells to the target sites of 
the lung. The first reparative study addressed the airways: acellular 
cadaveric trachea seeded with mesenchymal stem cells was used to 
engineer upper respiratory tract as a therapeutic strategy [17]. Distal 
lung tissue replacement seems to be more complicated both in cell 
population selection and scaffolds properties.

One of the first biological scaffolds was developed from 
afibrinogen–fibronectin–vitronectin hydrogel (FFVH) [18]. In 
vitro, FFVH scaffolds promoted attachment, histiocytic growth 
and expression of basement membrane proteins by primary ovine 
lung mesenchymal cells derived from lung biopsies. In vivo studies 
were then performed on animal model (sheep) with emphysema. 
Treatment with autologous cells delivered using FFVH was clinically 
well tolerated. Cells labelled with a fluorescent dye (PKH-26) were 
detected at treatment sites after 1 month. Tissue mass (assessed by 
CT imaging) and lung perfusion (assessed by nuclear scintigraphy) 
were increased at emphysema test sites. Post-treatment histology 
demonstrated cell proliferation and increased elastin expression 
without scarring or Collapse. No treatment-related pathology was 
observed at healthy control sites. FFVH scaffolds promote cell 
attachment, spreading and extracellular matrix expression in vitro 
and apparent engraftment in vivo, with evidence of trophic effects on 
the surrounding tissue.

Other studies analyzed acellular scaffolds obtained by removing 
cells from rat lungs. The extracellular matrix retained the hierarchical 
branching structures of airways and vasculature. A bioreactor was 
used to culture pulmonary epithelium and vascular endothelium on 
the acellular scaffold [19]. Solid-scaffold-based tissue engineering 
aims on building biomimetic 3D scaffolds that are biodegradable and 
porous polymers from natural or Synthetic origins. These scaffolds 
may deliver chemical cues able to "guide" cells to their desired fate 
(proliferation, differentiation, migration and metabolic function) 
[20]. Cellular engraftment was initially based on exogenous stem 
or progenitor cells. However during the last decade focus switched 
to immunomodulation and paracrine actions of mesenchymal stem 
(stromal) cells MSCs and endothelial progenitor cells EPCs. Lung is a 
complex organ and the identity and function of endogenous epithelial 
stem cells or progenitor cells is controversial in both mouse and human. 
The low constitutive epithelial turnover rate and the various signaling 
pathways (like Notch or beta-catenin) are part of the difficulties met at 
in vivo identification of the best way to engraft those cells in scaffolds. 
One of hypothesis explaining the pathogenesis of idiopathic lung 
fibrosis is based on the theory of the failure by endogenous airway 
stem cells to repair the damaged tissue. Theoretically the use of such 
"repair" cells may help in healing damaged interstitial tissue or blood 
vessels [21]. Mesenchymal stem (stromal) cells are active in a large 
number of inflammatory or immune mediated lung diseases. They 
originate in bone marrow, adipose or placental tissue. Some clinical 
trials were published describing their use in moderate to severe 
chronic obstructive pulmonary disease COPD, analyzing a safety end 

Figure 3: Graphical representation of the first canonical score values for 
patients with early or advanced non-small cell lung cancer nodules that were 
obtained from a chemical nanoarray containing seven gold nanoparticle 
sensors and an organically-functionalized carbon nanotube sensor. Each 
point represents one patient. The positions of the mean values are marked 
with ○, the boxes correspond to the 95% confidence limits, and the error 
bars correspond to the standard deviation. The confidence intervals are 
significantly separated (p<0,0001) (reproduced with author permission from 
[10]).
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point. Other studies currently evaluate their use in acute respiratory 
distress syndrome ARDS and septic shock [22].

As in other fields of medicine, pharma studies in pulmonary 
medicine require animal models for drug evaluation as safety and 
dosage. These studies are expensive and require specialized personnel. 
One of the most amazing scientific developments relates to the ability 
of a biomimetic microsystem to mimic the functional alveolar-
capillary interface of the human lung [23]. This "lung on a chip" 
systemmay respond to mechanical, toxic or inflammatory strains 
and analyze the epithelial and endothelial uptake of nanoparticles. 
These chips may replace in future cell culture models as a low cost 
alternative for pharma studies.

The "Theranostic" concept
In the era of personalized medicine diagnostic methods and 

therapeutics interfere. There is an urgent clinical need of combining 
imaging technologies with diagnostic biomarkers for therapy 
results monitoring. Screening for disease requires profiling high 
risk patients. Diagnosis is then performed by imaging guiding and 
various biomarkers analysis. Drug delivery must be monitored by 
bio-imaging technologies. When this complex clinical problem was 
presented to the scientific community, the concept of combined 
diagnostic and treatment procedures at the same time (theranostics) 
was developed [24]. Theranostics is evaluated mainly in oncology. 
Platforms based on sound or light have been developed. High 
intensity ultrasound or ultrasound guided nanoparticles have been 
used [25]. Magnetism based platforms combine MRI diagnosis 
with magnetic nanoparticles that may be carriers of chemotherapy 
or generate hyperthermia [26]. Finally, light based platforms were 
long used for cancer diagnosis and therapy. Photodynamic (PDT) 
photothermal (PTT) and phototriggered drug release were developed 
as a necessity for precise therapy. These methods allow "collateral 
damage" limitation as therapy is focused on cancer tissue [27]. 

Conclusion
Personalised or Precise Medicine requires new diagnostic 

approach and monitoring of therapy. The classic "translational" 
research is short in providing the necessary answers to complex 
clinical settings. A more practical approach is based on trying to find 
technological and laboratory answers to real life medical dilemmas. 
This “inverse translational” concept comprises diagnostic and 
therapeutic advances mainly in endomicroscopy, molecular imaging 
and tissue engineering. The theranostics combine both diagnosis and 
therapeutics in an effort of simplifying and better targeting disease 
process. Although most of the progress was made in pulmonary 
oncology other chapters of respiratory medicine may benefit from 
this concept.
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