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Discussion
 Lung as a solid organ has one of the largest surface areas .It is 
said that the surface area of lung is equal to the area of a lawn ten-
nis court [1,2]. This enables the respiratory system to have a tremen-
dous amount of reserve for gas exchange across the alveolo-capillary 
membrane. Because of this enormous surface area, it gets exposed 
to infinite number of insults both from the external and internal en-
vironment. Like skin it acts as the primary defense for the external 
particulate matters which are inhaled [3]. On the other side it act as 
a check post between venous and systemic circulation. It filters sub-
stances like clots, fibrin clumps, and other endogenous chemicals and 
exogenous materials from entering the systemic circulation [1,2].

 Larger particles inhaled are engulfed by the luminal airway mac-
rophages and are expelled out via the mucociliary escalator [4]. If the 
particle size is small enough to reach the alveoli they are engulfed 
by the Pulmonary Alveolar Macrophages (PAMs) and are cleared by 
the lymphatic system [3-5]. In some situations the particles cannot 
be cleared by pulmonary alveolar macrophages, hence these antigen 
may be internalized by the type 1 pneumocytes and hence enter the 
interstitium. The Interstitial macrophages engulf these antigens from 
there and try to clear them via the lymphatics [4].

 But the lymphatic clearance is a function of the lymphatic flow, 
perfusion and respiratory excursion, all of which are relatively de-
ceased in the upper lung zones. Hence the engulfed antigen remains 
for a longer time in the interstitium in upper lobes [6]. The interstitial 
macrophages containing the antigen in the upper lobes recruits circu-
lating macrophages, lymphocytes, fibroblast by producing cytokines. 
The interaction between macrophages and T- lymphocytes are medi-
ated by cytokines which leads to formation of a granuloma. Depend-
ing on the type of cytokine released, the granuloma can be either loose 
(CD8 mediated) or compact (CD4 mediated) [7,8]. Granuloma is the 
penultimate line of pulmonary defense. The CD4 T lymphocytes in 
a compact granuloma attracts more fibroblast which would lead to 
parenchymal fibrosis [8].

 When particles like silica and asbestos are inhaled, they are ex-
tremely toxic to cells. These particles cannot be broken down by ly-
sozymal enzymes present in the PAMs. Thus, the engulfed particles  

Tousheed SZ, et al. J Pulm Med Respir Res 2020, 6: 046
DOI: 10.24966/PMRR-0177/100046

HSOA Journal of
Pulmonary Medicine and Respiratory Research

Research Article

Syed Zulkharnain Tousheed* and Muralimohan BV

Department of Pulmonology, Narayana health, Bangalore, India

Immune Response in Various 
Diffuse Parenchymal Lung 
Disorders (DPLDs)

Abstract
 Lung has one of the largest surface areas. It has to bear the brunt 
of infinite insults both from the airway and vascular end. The inhaled 
particles depending upon the size are cleared either by the luminal 
or the alveolar or the interstitial macrophages. The alveolar and in-
terstitial macrophages clear the engulfed particles via the lymphatic 
system, which depends upon the blood perfusion. Most of the par-
ticles from the lower and middle lobes are cleared successfully, but 
the particle engulfed by macrophages in the upper lobe get trapped 
in the interstitium because of poor lymphatic supply. This leads to 
systemic immune response and further formation of a granuloma 
and fibrosis. Depending upon on the type of immune pathway, the 
granulomas are either compact as in Th2 pathway or lose granulo-
mas as in Th1 pathway. In some situations due to extreme peripheral 
deposition of particulate matters as in smoking or due to alveolar 
damage, the mesenchymal cells which reside in the broncho-al-
veolar duct junctions can get stimulated. The mesenchymal cells 
includes the resident fibroblast, lipofibroblast and endothelial peri-
cytes. Stimulation of these cells results in formation of myofibroblast, 
which results in dysregulated fibrosis as in idiopathic pulmonary fi-
brosis.

 Lung, on the vascular end while filtering substances in the cir-
culation can get exposed to their harmful effects, which can cause 
local damage. Due to the influence of gravity, the lower lobes of 
the lungs are more perfused. The toxins from vascular side get in 
contact with the lower lobe relatively more and hence causes more 
damage in the lower lobes. Also in the periphery of the lower lobe 
the toxins have a longer distance to travel at a relatively slower pace. 
The greater transit time for immune mediated cells, complexes or 
malignant cells makes the peripheral part of lung more vulnerable for 
immune mediated damage.

 Hence the involvement of different part of the lung depends on 
the type of injury, etiology and the duration of the injury. Inhalational 

injury most of the time involves the upper lobe except in smoking, 
while the insult from vascular side leads to the injury of lower lobes. 
Nevertheless, any injury either from airway or from the vascular side 
causes an inflammatory damage. The injury either can repair (com-
pletely or partially) or it can regenerate the damaged alveoli or it can 
form a fibrous tissue. These different phases of response by the lung 
parenchyma to a particular injury can give rise to different patterns 
on radiology and histopathology. Though the insults to the lung pa-
renchyma may be infinite, the response patterns are finite. Different 
group of disorders with similar response to different types of etiolo-
gies are grouped under Diffuse Parenchymal Lung Disease (DPLD). 
It is important to know the predominant pattern in a particular dis-
ease because modality of treatment we choose depends on this.
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can act as a mild persistent irritants leading to chronic inflammation. 
When the dose of the inhaled particle is very high they can destroy 
the host macrophages and cause spillover of the lysozymes to the ex-
terior. This would lead to significant inflammation and fibrosis [5].

 Most of the inhaled agents cause upper lobe predominant DPLDs 
except smoking. Tobacco smoke, being a complex mixture of gaseous 
and particulate phases with several toxic chemicals seems to behave 
differently from other particles. Most of the known DPLDs caused by 
smoking are lower lobe predominant [9]. This pattern of involvement 
may be due to size behavior of the particulate matters in smoke stim-
ulating the different types of macrophages and mesenchymal cells 
[4,10,11].

 Lung, on the vascular end while filtering many substances in the 
circulation can get exposed to their harmful effects, which can cause 
local damage in the form of inflammation and fibrosis (Figure 1) [1].

 Since lung act as a check post, most of the venous blood has to 
pass through the pulmonary circulation. Substances like amines, pep-
tides, arachidonic acid derivatives pass through the pulmonary cir-
culation. Few of them have a silent transit, neither they get activated 
nor inactivated, but a few of them get inactivated during their transit 
[1]. Either excessive load of these substances or inability of the lung 
to inactivate these substances can cause immune damage to the lungs. 
Due to the influence of gravity the lower lobes of the lungs are more 
perfused. The toxins from vascular side get in contact with the low-
er lobe relatively more and hence causes more damage in the lower 
lobes. Also, in the periphery of the lower lobe the toxins have a longer 
distance to travel at a relatively slower pace. This leads to greater 
transit time for immune mediated cells, complexes, or malignant cells 
in the pulmonary circulation. The enormous surface area along with 
the increased transit time increases the interaction between toxins in 
the blood and the peripheral lung parenchyma. This makes it more 
likely for toxic substances to deposit and cause inflammatory damage 
in the lower and peripheral part of lung. Hence interstitial pneumonias 
secondary to autoimmune disorders and drug-induced toxicity, which 
are associated with circulating agents & immune complexes are lower 
lobe and peripheral dominant [6].

 The large surface area and the narrow diameter of pulmonary 
capillaries make the immune complexes and inflammatory cells like 
fibrocytes and monocytes to get trapped [12,13]. This triggers local 
damage; damaged tissues expose previously sequestered antigens 
to the immune system causing progression of the damage locally.  

This may explain the reason for the frequent involvement of the lung 
in systemic immune disorders even when the other clinical features 
of the primary connective tissue disorder may be minimal or absent, 
as in Idiopathic Pneumonia with Autoimmune features (IPAF). Pul-
monary cells themselves secrete few substances during stressful situ-
ation like prostaglandins, leukotreins, serotonin, megakaryocytes etc, 
which can themselves cause inflammation and fibrosis by recruiting 
more cells [1] (Figure 1).

 Hence the involvement of different part of the lung depends on the 
type of injury (inhalation or vascular), etiology (autoimmune, idio-
pathic, or infectious) and the duration of the injury (acute, chronic).

 Inhalational injury most of the time involves the upper lobe ex-
cept smoking, while the insult from vascular side leads to the injury 
of lower lobes. Nevertheless, any Injury either from airway or from 
the vascular side initiates an inflammatory response, which can either 
heal completely or partially (on its own or with treatment) or it can 
progress to form a fibrous tissue [14].

 Fibrosis is either an attempt to wall off the antigen in some condi-
tions or an aberrant healing in a few. Ultimately fibrosis leads to the 
distortion and destruction of surrounding normal alveolar architecture 
resulting in  the clinical consequences typical of DPLDs like cough 
( due to stimulation of cough receptors in the alveoli) and breath-
lessness (due to ventilation perfusion mismatch, impaired oxygen 
diffusion as well as increased work of breathing due to the distorted, 
thickened and stiff interstitium).

 These different phases of response by the lung parenchyma to a 
particular injury can give rise to different patterns on radiology and 
histopathology. Though the insults to the lung parenchyma may be 
infinite, the response patterns are finite. Different group of disorders 
with similar response to different types of etiologies are grouped un-
der Diffuse Parenchymal Lung Disease (DPLD). DPLDs are classi-
fied based on etiology and different patterns [15-17] (Figure 2).

 Each etiological factor can give rise to more than one pattern  
(Figure 3) [18] and these patterns are defined based on presence 
of consolidation, inflammation and fibrosis, predominantly on 
a CT scan. It is important to know the predominant pattern in a  
particular disease because modality of treatment we choose depends 
on this [18].

Major Patterns of DPLD
Granulomatous patterns

 Common DPLDs which present with granulomas are Sarcoidosis 
and Hypersensitivity Pneumonitis (HP) etc.

 The Granulomatous diseases in chronic HP and Sarcoidosis have 
predilection for upper lobes. The inhaled antigens are engulfed by res-
ident alveolar macrophages which fail to clear the antigen on its own. 
The macrophages entrap these antigens and triggera T cell response.  

Figure 1: Showing lung defence and response to various insults.

Figure 2: Showing the classification of DPLDS.
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The cytokines and chemokines released by the activated immune cells 
attract more inflammatory cells to the site. Different immune-regula-
tory cells accumulate and organize themselves to form a granuloma, 
either to eliminate or restrict the antigen.

 The morphology of granuloma depends upon the cytokine released 
by the inflammatory cells, which in turn depends on the intention of 
the immune system weather to eliminate or restrict the antigen. To 
restrict the antigen, immune system adapts to the Th2 pathway. The 
Tumour Necrosis Alfa (TNF-Alfa) being the predominant cytokine 
shifts the balance towards a Th2 pathway which leads to formation of 
compact granuloma, rich in CD4 lymphocytes as in Sarcoidosis [7]. 
In acute and subacute Hypersensitivity pneumonitis the granulomas 
are dominated by CD8 lymphocytes. CD8 lymphoctes are the cyto-
toxic cells which try to eliminate the antigen presented to them. Most 
of the time they are successful in clearing the inciting antigen via the 
Th1 cytokine pathway. Interferon Gamma is the most important Th1 
cytokine, which inhibits fibrosis [19]. Hence the granulomas in acute 
and subacute HP are loose granulomas with a low CD4/CD8 ratio and 
lacking fibrotic cells [8]. If the antigen exposure persists for a long 
time, the CD8 cells get exhausted and fail to eliminate the antigen. 
The pathway then shifts from Th1 to Th2 (CD8 to CD4) pathway. The 
CD4/CD8 ratio starts increasing as chronic HP sets in. Interleukin-4 
& interleukin -13 are more pro-fibrotic cytokines, which are a part of 
Th2 pathway [20,21]. When the immune system fails to eliminate an 
antigen via Th1 pathway (CD8 predominant), it adapts a more conser-
vative Th2 (CD4 predominant) strategy by fencing (fibrosis) the area 
around antigen.

Sarcoidosis

 Sarcoidosis predominantly involves intrathoracic lymphadenopa-
thy with or without egg shell calcification (hilar, mediastinal, paraaor-
tic, subcarinal) with predilection for upper and mid lung zones. 
Perihilar lymphatics nodules (fissural), confluent alveolar opacities, 
ground glass opacities, interlobular septal thickening & subpleural 
linear opacities may be seen [22,23].

Hypersensitivity Pneumonitis (HP)
Acute and subacute HP

 The inflammation in this pattern almost exclusively involves distal 
airways, alveoli and interstitium around these airways. In acute HP,  

predominant inflammatory cells are neutrophils, while in sub-acute 
HP it is characterized by the lymphocytic infiltration with ill formed 
granulomas [24]. Granulomas are seen in the bronchiolar wall and 
alveolar ducts. These granuloma are smaller than those seen in sar-
coidosis and they lack fibrosis around as in Sarcoidosis. HRCT shows 
diffuse ground glass opacities, peribronchovascular nodules in the 
middle and lower lobes. Minimal fibrosis is noted [25].

Chronic HP

 The characteristic feature is bronchiolo-centric inflammation with 
poorly formed non-necrotizing granulomas. Bronchiolitis can be ei-
ther cellular, follicular, or obliterans type. Other important finding is 
the Peribronchiolar metaplasia with Airway-Centered Interstitial Fi-
brosis ACIF) [26,27].

 Centrilobular fibrosis in HP is the bridging fibrosis (fibrosis be-
tween the respiratory bronchioles and the interlobular septa or with 
adjacent respiratory bronchioles or with subpleural areas). Sometimes 
an organizing pneumonia can also be seen in chronic HP. Presence of 
centrilobular nodules in imaging is one of the differentiating feature 
from other patterns like UIP and NSIP [28].

Cryptogenic organizing pneumonia

 When the usual process of resolution in a pneumonia has failed 
and there is an organization of the inflammatory exudates in the al-
veoli resulting in fibrosis is called as Organizing Pneumonia (OP) 
[29,30]. This can be due to many causes. The inciting agent can be 
either from vascular side or the airway side. When the cause remains 
unknown despite extensive evaluation it is termed as Cryptogenic Or-
ganizing Pneumonia (COP) [29,30].

 The typical pattern is a patchy organizing pneumonia involving 
alveolarducts and alveoli and may be with bronchiolar intraluminal 
polyps (mason bodies).Some of them showing marked interstitial in-
flammation. On imaging patchy migratory consolidation are seen in 
the subpleural or peribronchial region. Ground-glass opacity, perilob-
ular opacities and reversed halo (or atoll) sign may also be seen which 
would help in the diagnosis of organizing pneumonia [17,31-35].

Non-Specific Interstitial Pneumonitis (NSIP) patterns

 Inflammation and fibrosis which are uniform (temporal homoge-
neity) in nature are a feature of idiopathic NSIP. The inflammatory 
cells are predominantly lymphocytes and plasma cells.

 Inflammation or fibrosis in NSIP predominantly involves lower 
lung and it can either be diffuse or peripheral. Reticular abnormalities, 
traction bronchiectasis, lobar volume loss can also be seen. Ground-
glass attenuation suggesting active inflammation is a distinguishing 
feature from UIP. Sub-pleural sparing and peribronchial thickening 
can also be seen. NSIP patterns can be seen in Hypersensitivity Pneu-
monitis or connective tissue disorders like Scleroderma. If the cause 
is unknown it is grouped as idiopathic NSIP (iNSIP) [17,36]. The 
injury for this pattern again can be from either vascular side when 
associated with connective tissue disorders or from inhalation side 
when associated with HP. In an idiopathic NSIP the inciting agent log-
ically should be from vascular end as it involves lower lobes .Since 
the predominant cells are lymphocytes and plasma cells systemic im-
mune response is more pronounced in this pattern. Infact, few authors 
consider iNSIP as lung involvement of a undifferentiated connective 
tissue disorder. Various terminologies like lung dominant connective  

Figure 3: Showing different etiologies giving rise to different patterns of 
DPLDs.
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tissue disease was used to describe this entity. Later this disorder was 
better recognized and defined as Interstitial Pneumonia with Autoim-
mune Features (IPAF) [37]. Studies have found that iNSIP patients 
would have some autoimmune clinical features like arthralgia, fever, 
myositis etc [38]. Presence of lymphoplasmacytic infiltrates which 
usually are a feature of autoimmune process strengthens the hypoth-
esis [38]. As described earlier the transit time is more in the low-
er lobe peripheries, the chances of peripheral involvement of lung 
is more common when NSIP pattern is associated with connective 
tissue disorders and malignancies [6]. While peribronchial thickening 
and diffuse involvement could be seen in NSIP secondary to HP or 
any inhalational injury. Also the type of fibrosis in iNSIP is different 
from UIP (Usual Interstitial Pneumonia). Fibrosis in non UIP patterns 
is probably by the alveolar and bone marrow derived fibroblast [39] 
unlike UIP where resident fibroblast, lipofibroblast and pericytes play 
a significant role [39].

Usual interstitial pneumonia (UIP) pattern

 This pattern contains more of fibrosis than inflammation. The fi-
brotic areas are predominantly located in the lower lobes, peripheral  

Table 1: Showing features of granulomatous DPLDs [6-8,22-28].

Table 2: Showing features of IIPs [17,30,31,36].

Table 3: Smoking related DPLDs other than IPF [9].

Sarcoid Acute /sub acute HP Chronic HP

Pathology

Upper lobe predominant Fibrosis
Both periphery & peribronchovascular areas involved

Non caseating compact granuloma
CD4 lymphocytes predominant

Middle &lower lobe predominant inflammation
Non caseating lose granulomas
CD8 lymphocyte predominant

Upper lobe predominant fibrosis
Bridging fibrosis and airway centered interstitial 

fibrosis (ACIF) noted
CD4 lymphocyte predominant

HRCT

Upper lobe fibrosis
Fissural nodules

Hilar and mediastinal lymphadenopathy with or 
without eggshell calcification

Diffuse GGO
Peribronchovascular nodules

Lower lobe predominant disease

Upper lobe predominant fibrosis
Traction bronchiectasis

Peribronchovascular involvement

Response to steroids Good Good Fair

Recovery Good Good Fair

UIP (IPF) iNSIP COP

Pathology

Fibrosis in lower lobes & periphery
Fibroblastic Foci (FF)

Heterogenous, patchy, inflammation seen
Minimal inflammatory cells

Fibrosis in lower lobes
No FF but fibroblast seen

Homogenous inflammation
Lymphocytes & plasma cells seen

Intra luminal fibrotic polyps in the alveoli
Peribronchial, Patchy & peripheral consolidation

Neutrophils, lymphocytes & eosinophils seen

CT thorax
Honey combing in lower lobes & periphery

Fibrosis & Traction bronchiectasis
No GGO

Lower lobe fibrosis with Sub pleural sparing
Traction bronchiectasis

GGO can be seen

Migratory patchy consolidations both peribronchial 
& peripheral

Reverse Halo(Atoll) sign
GGO seen

Response to steroids No Fair Good

Recovery NO Partial Good

PLCH RB-ILD DIP

Pathology

• Langerhans cells containing nodules
• Intervening normal lung
• Cystic lesions
• Fibrosis in peribronchiolar area

• Pigmented macrophages
• Respiratory bronchiolitis
• Peribronchiolar interstitial inflammation
• Minimal fibrosis

• Pigmented macrophages
• Mild interstitial inflammation
• Diffuse fibrosis
• Lung architecture maintained

CT Thorax
Nodules

Cysts
Patchy GGO

Nodules
Lower lobe predominant GGO

Response to steroids Fair Good Good

Recovery yes yes Yes

Figure 4: Showing classification major DPLDs based on type of Immunity 
involved.
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zones of secondary lobules and along with perivenular areas located 
between primary lobules. Usually the injured foci are seen around 
these fibrotic areas. The characteristic feature of this pattern is the Fi-
broblastic Foci (FF), which is composed of fibroblasts and myofibro-
blasts [40]. These fibroblasts and myofibroblast are derived from the 
subepithelial resident fibroblast, lipofibroblast and interendothelial 
pericytes. These cells are important to maintain the airway epithelial 
and vascular integrity [11]. These cells play a significant role in the 
development of the lung during embryonic stage by their interaction 
with the epithelial and the endothelial cells respectively. Whenever 
there is an injury either from vascular end or from airway end, the 
repair mechanisms in the lungs kick in, bringing back these cells in 
action. The entire process of repair mechanism in an adult lung is 
considered as restarting of the development process. The multipotent 
mesenchymal cells which have high regenerative capacity are usually 
resting in the terminal most part of the airways called as Bronchoal-
veolar Duct Junctions (BADJ) [41]. There is a complex interaction  
between the mesenchymal cells (resident fibroblast & subset of peri-
cytes), epithelial and endothelial cells, similar to the development 
process when there is an injury. The interaction between these cells 
leads to either regeneration or remodeling of the injured lung paren-
chyma. If the environment tips towards remodeling, fibrosis sets in 
rather than re-epithelialization. Idiopathic Pulmonary Fibrosis (IPF) 
with UIP pattern is one such condition where there is remodeling with 
an aberrant wound healing ending up with fibrosis [42-44]. The pe-
ripheral location for the multipotent mesenchymal cells could be the 
reason for the subpleural fibrosis in UIP pattern. These mesenchymal 
cells express Platelet Derived Growth Factor Receptors (PDGFR) on 
them in abundance. Through the PDGF ligands, these cells maintain 
homeostasis and integrity of airway cells and vascular endothelium. 
During the tissue injury there is production of PDGF to facilitate 
healing by the resident fibroblast, lipofibroblast and pericytes [39]. In 
conditions like IPF, there is unchecked proliferation of these cells and 
transition of these cells to myofibroblasts [39]. These myofibroblasts 
causes excess production of extra cellular matrix resulting in fibrosis 
[45]. PDGF responsible for the remodeling and fibrosis could be the 
reason for digital clubbing commonly seen in IPF [13].

 Hence targeting the PDGFR present on these mesenchymal cells 
responsible for fibrosis using molecules like Nintedanib would be 
more logical in IPF than using regular immunosuppressants which act 
on adaptive immunity [11].

Smoking related DPLDs
 Inhalation of tobacco and its products stimulates both innate im-
munity and adaptive immunity. Innate immunity predominantly in-
cludes macrophages, dendritic cells and mesenchymal cells. While 
adaptive immunity consists of lymphocyte response, which could 
either be B cell or T cell response [46]. Depending on the size of the 
particulate matter in the smoke, either airway luminal or the alveolar 
macrophages are stimulated. Larger sized particulate matters are en-
gulfed by airway luminal macrophages and are expelled via the mu-
cociliary apparatus. While the respirable sized particulate matter in 
smoke are engulfed by alveolar macrophages, which usually mounts 
a mild immune response [4,11]. The macrophages secrete various 
chemokines and cytokines which enhances the adaptive immunity. 
The macrophages can also stimulate the formation of Bronchus-As-
sociated Lymphoid Tissue (BALT) and hence initiating a lymphocytic 
inflammation. When the burden of the particulate matter is significant 
the interstitial macrophages may get involved and help in mounting  

intense systemic inflammation. This would recruit more inflammato-
ry cells like neutrophils, monocytes and fibrocytes [4]. The ultrafine 
smoke particles get deposited in the peripheral most part of the lung 
in high concentration [10] which could stimulate the subepithelial 
fibroblast directly or indirectly. These resident fibroblast lay down 
the extra cellular matrix in patches in the periphery [11]. Different 
patterns of DPLDs are associated with smoking related injury. The 
most important ones are IPF (UIP), Respiratory Bronchiolitis asso-
ciated Interstitial Lung Disease (RB-ILD), Desquamative Interstitial 
Pneumonia and Pulmonary Langerhan cell Histiocytosis (PLCH)  
(Tables 1 -3, figure 4) [9].

Summary

• DPDLs are a group of disorders with different patterns on imaging 
and histopathology

• Type of pattern in a DPLD depends on the route of the insult (inhala-
tion/circulation), etiology (autoimmune/infection/smoke), duration 
of insult (acute/chronic), physical properties of the agent (small/
large) or the type of immune response the agent stimulates(innate/
adaptive/combined)

• During a response to the alveolar injury, the process of develop-
ment restarts again

• In conditions like IPF, process of remodeling predominantes rather 
than regeneration during healing. Hence fibrosis replaces normal 
alveolarization.

• NSIP behaves like a lung dominant CTD-ILD where lung might act 
as an auto antigen

• Most of the smoking related DPLs are lower lobe predominant un-
like other inhalation agents which causes upper lobe predominant 
diseases.

• Granuloma formation is a penultimate measure by the immune 
sytem to contain the antigen which are not cleared by the macro-
phages.

• COP pattern is seen when the usual process of resolution in a pneu-
monia has failed and there is an organisation of the inflammatory 
exudate in the alveoli resulting in fibrosis.

• It is important to know the pattern of DPLD and the type of im-
mune response by the body to chose an optimum treatment. 

• Diseases like IPF which are predominantly innate immune response 
may not respond to steroids. Anti-growth factors like VEGF, PDGF 
and TGF-β may be more suitable in this condition.
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