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Abstract: A novel pathogenesis of pulmonary lymphangioleiomyomatosis (PLAM) is presented incorporating a review of 

clinical and pathology research on the disease together with a review of research in the field of senescence. In this model of 

pathogenesis it is proposed that: 1) the primary site of origin for this disease is the Mullerian smooth muscle found in the 

female reproductive tract and this accounts for the striking female predominance of the disease; 2) the tumor spreads to the 

lungs via a mechanism similar to lymphangitic carcinomatosis and this accounts for its universal symmetric and bilateral 

distribution; 3) there is a mutational basis for a senescence-associated growth arrest which helps explain the absence of 

enlarging tumor masses in the lung despite years of disease duration; and 4) PLAM cells have a senescence-associated 

secretory phenotype with implications for the pathogenesis of the cystic transformation of the lungs. The secretory phenotype 

of PLAM cells is reviewed and the overlap with the senescence associated secretory phenotype products of known senescent 

cells is documented. The role of the switch to glycolytic metabolism (Warburg state) by PLAM cells is described. Finally, the 

“contradictory signals” hypothesis for the induction of the senescent state is explored and its role in PLAM described. 

Keywords: Pulmonary Lymphangioleiomyomatosis, Senescence-associated Secretory Phenotype,  

Senescence-associated Growth Arrest, Pathology, Pathogenesis 

 

1. Introduction 

Pulmonary lymphangioleiomyomatosis (PLAM) is an 

enigmatic disease. The disease occurs sporadically and also 

in patients with the tuberous sclerosis complex (TSC). In 

many ways the disease presents clinically and 

radiographically like chronic interstitial lung disease. [1] The 

cystic transformation seen in the lungs resembles cystic 

change seen in a variety of chronic interstitial lung diseases, 

including Langerhans' cell granulomatosis and lymphoid 

interstitial pneumonia. The slow progressive destruction of 

the lungs is also similar to progressive cases of these 

interstitial lung diseases. However, it has been demonstrated 

that PLAM is a clonal neoplastic process. [2] PLAM as a 

neoplastic process has unusual characteristics. The universal 

bilateral distribution of this neoplasm in the lung is consistent 

with a metastatic process to the lung. However, for many 

years, a primary site for these metastases has remained 

obscure and, as noted above, the clinical and radiographic 

progression of PLAM more closely resembles a progressive 

chronic interstitial pneumonia rather than a metastatic 

neoplasm. The median transplant free survival from the onset 

of symptoms, without therapy, is 29 years. [3] Furthermore, 

over the prolonged clinical course of this disease, enlarging 

tumor masses do not appear in the lungs, as one might expect 

with metastases. 

In this review I propose the pathogenesis of PLAM is 

best understood using a model of pulmonary lymphangitic 

carcinomatosis. Furthermore, the primary site of tumor with 

subsequent spread to the lungs will be proposed to be the 

Mullerian smooth muscle neoplasms of the female genital 

tract with myomelanocytic differentiation. Pathologic 

progression of the disease in the lungs will be discussed in 

detail and reasons for the absence of tumor mass formation 
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explored, including the proposal that LAM represents an 

unusual state that can be characterized as a state of 

“neoplastic senescence”. [4] 

2. The Primary Site for the Metastatic 

Neoplasm PLAM is Mullerian Smooth 

Muscle 

Clues to the site of origin of the metastasizing neoplasm 

leading to PLAM were present early on. This has always 

been a disease predominately affecting women of child 

bearing age. As such, the female genital tract has been 

considered a possible primary site. [2, 5, 6] Renal AML 

which is found in > 80% of patients with PLAM associated 

with tuberous sclerosis has also been a suggested primary site. 

There is evidence that essentially eliminates renal AML as a 

primary site for PLAM in a following section. It is well 

documented that in PLAM there is lymph node involvement 

from the pelvic lymph nodes up through the retroperitoneal 

chain and into the mediastinal lymph nodes. [7-10] A 

landmark study with examination of surgical pathology 

specimens from the female genital tract in patients with 

PLAM identified LAM lesions in the Mullerian smooth 

muscle of the uterus, fallopian tube, broad ligament, and 

ovary. [11] These altered smooth muscle proliferations show 

the characteristic myomelanocytic differentiation seen in 

LAM cells with smooth muscle marker desmin as well as 

melanocytic marker HMB-45. In these myomelanocytic 

proliferations associated with PLAM there is also a striking 

associated lymphovascular proliferation. In addition, 

intralymphatic LAM cells are identified in these cases. The 

related condition of incidental nodal LAM has also been 

studied and lends further support to the concept of Mullerian 

smooth muscle as the cell of origin for LAM. Precursor 

lesions for these incidental nodal LAM lesions have been 

described and evidence given that these arise from 

myometrial smooth muscle cells. [12] (Figure 1) Unlike the 

typical uterine LAM lesions seen in association with patient's 

suffering from PLAM, the precursor LAM lesions lack the 

pronounced lymphatic proliferation seen with the uterine 

LAM lesions associated with PLAM. (Figure 2) Although it 

is generally thought that incidental nodal LAM is not a 

harbinger of PLAM, [13] there are reasons to question this 

conclusion. First, there is a well-documented case of 

incidental nodal LAM progressing to PLAM. [14] Second, 

PLAM is a very slowly progressive disease and follow up in 

reported series of nodal LAM are quite limited. (Table 1) 

Evidence that incidental nodal LAM represents spread from 

the uterus is supported in two ways. First, incidental nodal 

LAM has not been described men. 716 Prostatic carcinoma 

resection specimens with pelvic lymph node dissections 

reviewed at this institution revealed 0/716 cases with pelvic 

lymph nodes involved by incidental nodal LAM. In women 

undergoing pelvic lymph node biopsies as a staging 

procedure for a variety of gynecologic neoplasms, the 

incidence of incidental nodal LAM at this institution was 

0.73% (7/953 cases) [9] which is remarkably similar to the 

incidence reported at another institution of 0.46%. [14] 

Second, when incidental nodal LAM is detected, in all cases 

the pelvic lymph nodes are involved, and in a subset of these 

cases there is also para-aortic lymph node involvement. 

There are no cases of para-aortic lymph node involvement 

without pelvic lymph node involvement, confirming the 

stepwise progression of spread from uterus to pelvic lymph 

nodes to para-aortic lymph nodes. [12-15] 

 

Figure 1. Precursor LAM lesion in uterus of patient with incidental nodal 

LAM. Note that the cells comprising these lesions are virtually 

indistinguishable from the surrounding Mullerian myometrial smooth muscle 

cells on routine H/E stains. The lesion is not identifiable on gross 

examination of the uterus. (A) Cathepsin K IHC stain shows strong positive 

staining of the precursor LAM lesion. (B) HMB-45 IHC stain shows strong 

positive staining of the precursor LAM lesion. (C) D2-40 IHC stain shows 

absence of an associated lymphovascular proliferation. € All images at 200 x 

magnification. 

Table 1. Incidental Nodal LAM. 

Incidental Nodal LAM 

Incidence in Female pelvic lymph nodes: 

Series from ECH [12] 0.73% 

Series from NCCH Tokyo [14] 0.46% 

Incidence in Male pelvic lymph nodes ECH 0% 

Studies with follow up of incidental nodal LAM: 

Institution # patient Median (mean) f/u # PLAM Time to PLAM 

UCSF [15] 26 18 (N/A) mo 0 N/A 

MSKCC [13] 19 34 (33) mo 0 N/A 

NCCHTokyo [14] 8 30 (45) mo 1 86 mo 



138 Charles Michael Lombard:  The Pathogenesis of Pulmonary Lymphangioleiomyomatosis:  

A State of Neoplastic Senescence 

 

Figure 2. Uterine LAM lesion in patient with TSC and PLAM. (A) Uterine lesion is clearly demarcated from surrounding myometrium on routine H/E stain. 

This lesion was grossly visible on examination of the uterus. (40 x magnification) (B) Cytologic features of uterine LAM lesion showing no significant nuclear 

atypia and no significant mitotic activity. (200 x magnification) (C) Cathepsin K IHC stain shows strong positive staining of uterine LAM lesion. (200 x 

magnification) (D) D2-40 IHC stain shows positive staining of LAM-associated lymphovascular proliferation. (200 x magnification) 

3. Mullerian Remnants Account for the 

Rare Cases of Men with PLAM 

Even within the population patients with the TSC it is 

rare for a male to develop histologically documented 

PLAM. Nevertheless, there are well-documented cases. [16, 

17] Mullerian remnants are well-documented in male 

patients. [18] When Mullerian remnants can be found in 

male patients they are typically small and infrequent. 

However, with a TSC germline mutation already in place, a 

second hit mutation in these rare pelvic Mullerian remnants 

could give rise to a precursor LAM lesion in the associated 

Mullerian smooth muscle, progress to well-developed LAM 

lesions, and spread through lymphatics to pelvic lymph 

nodes, up the retroperitoneal chain, into the lungs. 

Admittedly, at this time this is conjectural and without 

evidence. If an autopsy were performed on a male patient 

with PLAM one would have to look closely at sites where 

ectopic Mullerian remnants are most commonly found in 

order to detect small precursor lesions similar to those 

found in the female genital tract of patients with PLAM. 

The lesions are frequently microscopic and can be easily 

overlooked without a focused examination. 

4. Renal AML Is Associated with PLAM 

But it is Not the Neoplasm That 

Spreads to the Lung Causing PLAM 

Although renal AML is found in > 80% of the TSC-

associated PLAM and 30-50% of cases of sporadic PLAM 

[19] there are reasons why this neoplasm is not the primary 

site/origin for the metastasizing neoplasm PLAM.  

First, the morphology of renal AML is distinctly different 

from PLAM. Renal AML as a mixed spindle and epithelioid 

myomelanocytic proliferation admixed with fat and blood 

vessels. The vascular proliferation is hemangiomatous and 

not lymphatic vascular proliferation. Renal AML does not 

have the limited growth potential that is seen in cases of 

PLAM. Renal AML has the expected growth pattern of 

typical neoplastic processes with progressive enlargement 

and formation of macroscopic gross tumors. Second, renal 

AML rarely spreads to regional lymph nodes, and when it 

does it is accompanied by the fatty proliferation. PLAM on 

the other hand never has a fatty component. Nodal 

involvement in PLAM is characterized by the 

myomelanocytic cell proliferation and unlike renal AML 

nodal involvement in PLAM is associated with a marked 

lymphatic proliferation. Thirdly, renal AML is not nearly as 

restricted to female patient as PLAM. If renal AML were a 

precursor lesion for PLAM one would expect a significantly 

higher rate of PLAM in men. In our hospital the F:M ratio for 

renal AML is 3:1 and 2:1 in the literature. [20] The F:M 

ration for PLAM is >100:1. [16, 17] In summary, the 

morphology of the renal AML lesion and the morphology of 

the rare cases of spread to regional lymph nodes is unlike that 

of lesions of the LAM, and in addition, the F:M ratio of renal 

AML is very different from that of PLAM. The 

distinguishing features of renal AML vs. LAM are 

summarized in Table 2. Figure 3 shows examples of the 

differing appearances of renal AML vs. LAM involvement of 
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lymph nodes. 

Table 2. Comparison of Renal AML and PLAM. 

Comparison of: Renal AML Pulmonary LAM 

Gross appearance Enlarging macroscopic mass lesions Microscopic lesions with limited growth potential 

Microscopic composition of tumor 
Specialized myomelanocytic cells, fat, blood 

vessels 

Specialized myomelanocytic cells, no fat, no blood 

vessels 

Accompanying vascular proliferation Hemangiomatous Lymphovascualr 

F:M ratio 2-3:1 >100:1 

 

Figure 3. Comparison of lymph node involvement in PLAM and renal angiomyolipoma. (A) Pulmonary hilar lymph node involved by LAM. Note absence of 

associated fatty proliferation. (B) D2-40 IHC stain of hilar lymph node with LAM shows positive staining of associated lymphovascular proliferation. (C) CD 

31 IHC stain of hilar lymph node with LAM shows attenuated/absent staining of vascular proliferation, consistent with a lymphatic proliferation. (D) Para-

aortic lymph node with involvement by renal angiomyolipoma. Note the associated fatty proliferation. (E) D2-40 IHC stain of para-aortic lymph node with 

involvement by renal angiomyolipoma shows an absence of staining providing evidence for a lack of an associated lymphovascular proliferation. (F) CD 31 

IHC stain of para-aortic lymph node with involvement by renal angiomyolipoma shows strong positive staining of vascular proliferation consistent with an 

associated hemangiomatous vascular proliferation. All images at 100 x magnification. 

5. PLAM Is a Neoplastic Process in a 

Senescent State  

Possibly the most perplexing question in the pathogenesis 

of PLAM relates to this apparent paradox. It is remarkable 

that a neoplastic process can progresses over decades of 

duration without the formation of enlarging tumor masses to 

the point where they are clearly recognizable as macroscopic 

neoplastic proliferative mass lesions. I have previously 

proposed a solution to this enigma. [4] The clues to the 

solution lie in an examination of the molecular pathogenesis 

of LAM. There are mutations to mTOR in both TSC-

associated LAM and sporadic LAM. [21] The mTOR 

pathway and entire cascade of cellular mechanisms involves 

a broad range of controls on cellular homeostasis and 

proliferation. Remarkably, when one examines the pathways 

involved in cellular senescence, one sees an intriguing 

overlap of these cellular pathways. [22] Cellular senescence 

has 2 important related but separate characteristics. The first 

is a cell cycle arrest. Although initially this arrest was 

thought to be stable and permanent, it is now recognized that 

there is significant flexibility in this senescence-associated 

growth arrest such that the senescent cells are able to enter G 

phase activity on a limited basis. [23] This is an important 

feature to recognize regarding the pathogenesis of LAM. 

For many years the “Warburg” phenomenon whereby 

senescent cells differ from normal cells by increased 

metabolism of glucose by glycolysis has been recognized. 

Increased metabolism of glucose by glycolysis has been 

documented in LAM cells. [24] MTORC1 activation 

promotes a shift in glucose metabolism from oxidative 

phosphorylation to glycolysis by increasing translation of 

HIF1a which subsequently drives expression of glycolytic 

enzymes. [25] Furthermore, there is a depletion of lysosomes 

that appears to be mediated by MTOC1 inhibition of TFEB, 

which controls lysosome and autophagy-specific genes. [26] 

In addition, MTORC1 mediated inhibitory phosphorylation 

of autophagy initiating kinase ULK1, and inhibitory 

phosphorylation of ATG14, a component of PIK3C3 which is 

required for autophagosome maturation also contributes to 

lysosomal dysfunction. [26] There is also evidence that 

ubiquitization and degradation of autophagy-lysosomal 

pathway protein LC3 and lysosomal membrane associated 
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proteins 1 and 2 further contribute to lysosomal dysfunction 

in the TSC. [27] This lysosome depletion further limits the 

capacity for glucose metabolism by oxidative 

phosphorylation. Senescence associated cell cycle arrest is 

thought to be driven by mTOR activation associated cell 

proliferation signals in the presence of cell cycle inhibitors 

P53, P16, and pRB. This “contradictory” signaling is thought 

to be an important factor in driving cells into senescence-

associated growth arrest. [23, 28] In TSC, mutations to the 

TSC1/2 complex result in Rheb activation, which leads to 

mTORC1 activation. [29] MTORC1 activation, in addition to 

induction of the Warburg state, has two additional and 

conflicting manifestations. 

 

Figure 4. Pathways for senescence-associated proliferation arrest. There are 3 components to this cascade: (A) The establishment of the Warburg state of 

glycolytic metabolism. (B) And the two conflicting cell cycle signals: (1) Cell cycle arrest signals through activation/increased expression of P16, P21, P53, 

and pRb, (2) Cell proliferation signals through S6Kand 4EBP1 activation. 

First, there is a growth arrest cascade with P53 activation 

and overexpression. [30] P53, in turn, activates and leads to 

overexpression of cell cycle inhibitor P21. [24] In addition, 

P53 activation, as part of a negative feedback loop leads to 

increased activity of the AMPK pathway. One arm of this 

pathway results in Hu antigen R-dependent degradation of 

the mRNA encoding tumor suppressors P16 and P21. [31] 

P16, in addition to direct cell cycle arrest signals, also blocks 

activation of CDX2 which leads to activating 

hypophosphorylation of pRb, another growth arrest signal. 

[32] In summary, MTORC1 activation leads to 

overexpression of 3 proteins associated with cell cycle arrest, 

tumor suppressor P53, P21 cyclin-dependent kinase inhibitor 

1, and P16 cyclin-dependent kinase inhibitor 2A. 

Second, MTORC1 activation also generates contradictory 

cell proliferation signals through two routes. First MTORC1 

phosphorylates 4EBP1 triggering its release from eiF4E 

stimulating cap-dependent translation and production of cell 

proliferation signals. [31] A second pathway involves 

MTORC1 phosphorylation and activation of S6K1/2 with 

subsequent downstream phosphorylation and inactivation of 

eEF2K and eEF2 which lead to translation of further cell 

proliferation signals. [31, 33] The cumulative effects of these 

contradictory signaling pathways, together with the Warburg 
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state, result in the senescence-associated cell cycle arrest 

(Figure 4). 

Although cell growth arrest is the best known feature of 

senescence, a second feature of the senescent cell is that they 

have a characteristic senescence associated secretory 

phenotype (SASP). [34] The array of secretory products 

varies depending on cell type undergoing senescence, 

however, secretion of tissue matrix metalloproteinases and 

VEGF are well described and consistent components of this 

secretory phenotype. This second feature of the senescent cell, 

the SASP is also explained by the TSC-associated mutations 

to the mTOR complex. Activated mTOR increases translation 

of subsets of mRNA including mRNA encoding IL-1 alpha. 

[35] Through binding to IL-1αR there is stimulation of 

NFKB signaling leading to the subsequent transcription of 

multiple cytokine SASP related genes. In addition to the 

increased transcription of SASP- associated cytokines, there 

is evidence that mTOR activation also leads to increased 

stability of these NFKB driven transcripts via increased 

transcription of MK 2. [36] MK2 activity results in the 

phosphorylation of the mRNA binding and destabilizing 

protein ZFP36L1. The cumulative result of the loss of this 

destabilizing protein, combined with increased transcription 

of SASP-associated cytokines is a stable, increased 

production of SASP- related cytokines. (Figure 5) Table 3 

shows a list of SASP related cytokines and the evidence that 

these are overexpressed in LAM. 

I have not included the serine protease cathepsin K in the 

list of SASP products. Cathepsin B has been identified as a 

SASP product, [34] however, to my knowledge, cathepsin K 

has not been identified as such. Nevertheless, there is 

emerging evidence that cathepsin K is involved in senescence 

processes and I believe it will be identified as an SASP 

product. In experimental animal models with cathepsin K 

knock-out mice it has been noted that cellular senescence 

markers P53, P16, and P21 were all significantly lower in the 

cathepsin K knock-out mice as compared to wild type mice. 

[37, 38] In addition, in one of these models, a mouse model 

for pycnodysostosis, it was noted that forced expression of 

cathepsin K induced premature senescence. [37] 

In summary I've proposed that LAM represents an unusual 

neoplastic condition which I have characterized as a state of 

“neoplastic senescence”. This does not represent oncogene 

driven senescence, but rather a metabolic senescence driven 

by the mutations to the mTOR complex with subsequent 

alterations of function in mTORC1 pathways. This is not a 

comprehensive review of cellular senescence pathways as 

there are other pathways involved, including the polycomb 

protein CBX7-Integrin beta 3 pathway. [39] Rather, I have 

presented pathways demonstrating the role of important 

senescence associated pathways clearly controlled by mTOR 

that provide evidence for the concept that PLAM represents a 

state of “neoplastic senescence”. Adoption of this model 

facilitates understanding of the unusual manifestations and 

biologic behavior of PLAM. 

 

Figure 5. Pathway for the induction and stabilization of the SASP in PLAM. 

Mutation to the TSC complex leads to loss of inhibiting signals and 

increased expression of IL-1α leading to NFKβ activation and increased 

protein synthesis. 

6. LAM Cells Spread to the Lung in a 

Uniform, Bilateral and Symmetric 

Distribution 

As noted above, the neoplastic LAM cells which arise from 

the Mullerian smooth muscle cells and subsequently spreads to 

regional lymph nodes through lymphatic spaces, the 

production of which are stimulated and induced by the SASP 

cytokine VEGF. Spread continues up the retroperitoneal chain 

of lymphatics to the thoracic duct. At this point the LAM cells 

have access to the blood circulation through the subclavian 

vein. LAM cells have been detected in the circulation of 

patients with PLAM. [40] Although one can consider the 

possibility of hematogenous dissemination of LAM cells to the 

lungs, there are a number of reasons why this is not the case. 

While blood born metastatic disease to the lung is frequently 

bilateral, and it can occasionally be somewhat symmetric, in 

the vast majority of cases there is a significant discrepancy 

between right and left lung involvement in blood borne 

metastatic disease. In marked contrast, disease involvement in 

PLAM has a consistent diffuse, bilateral and symmetric 

involvement of the lungs (Figure 6). Secondly, if this were 

blood borne metastatic disease one would anticipate a high 

incidence of metastatic deposits in other sites favored by blood 

born metastases, including brain, bone, and liver. These 
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systemic metastases are consistently absent in patients with 

PLAM. Third, blood born metastasis does not explain the 

propensity of PLAM to be associated with chylothorax and 

pneumothorax. Finally, blood born metastases do not explain 

the distinct histologic lymphatic pattern of distribution seen in 

some cases of PLAM. The reason LAM cells circulating in the 

peripheral blood fail to successfully metastasize is not entirely 

clear. LAM cells are clearly lymphotrophic and capable of 

spread and growth in lymphatic spaces. The composition of 

lymphatic fluid is quite different from blood and I propose that 

lymphatic fluid contains stimulatory factors for LAM cells, 

including VEGF at high concentrations as well as other, as yet 

undiscovered/uncharacterized stimulatory factors, that are 

absent from blood in similar concentrations. In blood, it 

appears the circulating LAM cells are likely terminal senescent 

cells and are culled out of circulation, destroyed, and do not 

have the ability to implant into tissues, resume growth, and 

cause metastatic deposits given the absence of systemic 

metastases of LAM lesions in patients with PLAM. 

Table 3. Senescence associated secretory products and evidence for production by LAM cells. 

Selected SASP-related products Representative functions of products Evidence for association with LAM cells 

Interleukin-1α [34, 54] 
Cytokine associated with immune induced 

inflammatory reactions 

Increased secretion by LAM cells in biochemical assay 

[55] 

Interleukin-6 [54, 56, 57] 
Cytokine associated with inducing differentiation in B 

cells to Ig secreting cells 

Increased secretion by LAM cells in biochemical assay 

[55] 

Interleukin-8 [34, 54, 56] Cytokine mediator of innate immune response 
Increased secretion by LAM cells in biochemical assay 

[55] 

CXCR [57] 

Chemokine receptor for CXCL-12 chemoattractant for 

lymphocytes; Increased expression in cancer? related to 

metastasis 

CXCR4 positive immunohistochemical staining of LAM 

cells [58] 

Insulin Growth Factor Binding 

Proteins (IGFBP) [34, 54] 

Growth factors involved in cell growth and 

differentiation 

IGFBP positive immunohistochemical staining of LAM 

cells [59] 

VEGF [35, 39] 
Endothelial growth factor; stimulates 

lymphangiogenesis 

VEGF positive immunohistochemical staining of LAM 

cells [60, 61] 

Increased serum VEGF levels in patients with LAM [62] 

TGF-β [56, 57] 

Cytokine associated with activating transcription of 

wide range of proteins related to cell growth and 

differentiation; may assist in induction of senescence 

TGF-β positive immunohistochemical staining of LAM 

cells [63] 

PDGFA [35, 54] 

Protein which on binding to PDGF receptors is 

stimulatory for angiogenesis, cell growth and 

differentiation 

PDGFR-α positive immunohistochemical staining of 

LAM cells [61] 

NKG2D [64] NK cell detectable and activating ligand 
NKG2D positive immunohistochemical staining of LAM 

cells [65] 

TMMP 2, 9 [34, 54, 56, 57] Digestive proteinases 
TMMP-2, 9 positive immunohistochemical staining of 

LAM cells [66] 

 

 

Figure 6. CXR and CT scans in PLAM. CXR on left shows bilateral, diffuse 

and uniform involvement of lungs. CT scan on right similarly shows this 

consistently uniform pattern of lung involvement in PLAM. 

I have previously proposed viewing the pathogenesis of 

PLAM using a model of lymphangitic carcinomatosis. [41] 

There are important manifestations of PLAM that are readily 

explain by this model of pathogenesis. Retrograde flow of 

lymphatic fluid through the mediastinal lymphatics into the 

right and left lungs under even and constant pressure would 

result in a bilateral and symmetric distribution of LAM cells 

in the lung. Lymphatic engorgement and microscopic 

ruptures of pleural lymphatics with extravasation of lymph 

fluid into the thoracic cavity would explain the common 

associated finding of chylothorax. Chylothorax occurs in 10-

20% of patients with PLAM. [19] Pneumothorax is found in 

one third of patients at presentation and occurs in two thirds 

of patients over the course of the disease. [19] The high 

incidence of pneumothorax identified in PLAM patient is 

also readily explained using this model and this will be 

further explored in the section below addressing the 

pathogenesis of the cystic transformation of the lung by this 

disease. To further support the concept of lymphatic spread 

of LAM to the lungs there is a requirement for obstruction to 

lymphatic flow at or near the thoracic duct outlet. It is 

remarkable that in the first reported case of PLAM, that an 

obstructive lesion of the thoracic duct was identified at 

autopsy. [5] Subsequent autopsy studies [7, 8, 42] have 

confirmed the presence of thoracic duct obstructive lesions in 

this condition, one of which was demonstrated in a dramatic 

gross photograph [7] (Figure 7). In addition, CT 

lymphangiographic studies in patients with PLAM and the 

demonstrated consistent abnormalities and lymphatic 

drainage including thoracic duct obstructions. [43] Finally, it 

has been noted that in some cases of PLAM there is a distinct 
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histologic lymphatic pattern of infiltration in the lung. [8] 

Furthermore, evidence of lymphovascular space involvement 

can be identified in cases of PLAM, even when a distinct 

lymphangitic pattern of distribution is not histologically 

prominent. The reason that a lymphatic pattern of LAM cell 

infiltration is not always histologically prominent is a 

reflection of the pathogenesis of the cystic transformation of 

the lung which is discussed in the following section. It is 

important to note that the obstruction to lymphatic flow at or 

near the level of the thoracic duct does not need to be 

complete, only sufficient to lead to retrograde lymphatic flow 

through the mediastinal lymphatics into the lungs. 

 

Figure 7. Thoracic duct obstruction in patient with PLAM at autopsy [7] 

Note the sausage shaped “cast” of the thoracic duct with complete 

obstruction to lymphatic flow, resulting in retrograde flow of lymphatic fluid 

into the lungs. The intralymphatic proliferation adds some support to the 

concept that in LAM there is some limited growth potential that is 

particularly prominent in intralymphatic spaces, likely due to the high 

concentration of VEGF and other, as yet undescribed/uncharacterized 

growth factors. (Permission for reproduction of this photograph granted by 

Elsevier Limited, Oxford, UK) 

7. The Pathogenesis of Cystic 

Transformation of the Lung 

Although LAM cells arise in the lung through the 

lymphatic routes, they do not remain confined to lymphatic 

spaces. In some cases of PLAM intralymphatic spread of 

LAM cells can be identified (Figure 8). However, in many 

cases there is not a distinct lymphatic pattern of distribution. 

In diseases with a lymphatic distribution in the lung, on 

histologic examination one sees an accentuation of the 

disease along the bronchovascular stalks because the 

lymphatics are situated in this area. In PLAM, on the other 

hand, the disease looks more randomly distributed 

throughout the lung without this distinct bronchovascular 

distribution. There are two reasons for this apparent random 

distribution of disease. First, when the retrograde flow of 

lymph fluid flows to the origins of the lymph vessels the 

LAM cells will deposit in the interstitium in these areas. It is 

important to note that lymph vessels form from the 

interstitium of the alveolar spaces and drain towards the 

hilum of the lung along the bronchovascular stalks in the 

lung. Thus LAM cells and cell clusters reaching the origin of 

the lymphatics will reach locations found diffusely 

throughout the lung and not only along the bronchovascular 

stalks. LAM cells can then populate alveolar interstitial areas 

in a diffuse symmetrical and random pattern throughout the 

lung. Second, investigation of a case of PLAM with 

chylothorax and with a parietal pleural implant of LAM led 

to valuable insight into the pathogenesis of the apparent 

random distribution of this disease in the lung. [41] LAM 

cells are known to be present in chylous effusions of patients 

with PLAM. [44] In our reported case, these cells were able 

to implant and grow in a pattern typical of LAM including an 

associated lymphatic proliferation in the parietal chest wall 

pleura tissue. Growth was likely facilitated by the chylous 

effusion, rich in VEGF and possibly other stimulatory 

cytokines. The ability of the LAM cells to implant on tissues 

with subsequent limited growth led to the hypothesis that in 

the lung, rupture of lymphatics and subsequent extravasation 

of LAM cells into the surrounding pulmonary parenchyma 

would lead to random sites of implantation and growth of 

these LAM cells outside of the location of typical lymphatic 

routes. 

An interesting and perhaps under recognized finding in 

PLAM is that the metastatic cells not only spread as 

individual and groups of LAM cells, but may also be 

accompanied on their passage through the lymphatic 

channels by their associated lymphatic proliferation. This 

has been noted in groups of cells identified within chylous 

pleural effusions [10] and is also apparent in histologic 

sections (Figure 8). 

The cystic transformation of the lungs was originally 

proposed to be due to a mixture of mechanisms including 

bronchial obstruction with air trapping and lymphatic 

obstruction. [8] Histologic evaluation provides no support for 

either of these proposed mechanisms of cystic transformation 

of the lungs. There is a significant body of evidence 

implicating products of the SASP produced by LAM cells in 

the cystic transformation of the lung. The LAM cells have 

been demonstrated to produce digestive enzymes TMMP’s 2, 

9 and cathepsin K. [45, 46] The secretion of these digestive 

enzymes leads to cystic emphysematous-like digestion of the 
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pulmonary parenchymal tissues with cystic transformation of 

the lungs. Cystic transformation in the regions of the 

subpleural lymphatics leads to digestion/disruption of the 

pleura in these cystic areas with subsequent pneumothorax. 

(Figure 9 summarizes the proposed pathogenesis of PLAM). 

Although macroscopic mass lesions do not form in the 

lungs of patients with PLAM, there is some limited growth 

potential in LAM cells as there are variably sized 

microscopic nodules and fascicles of LAM cells in the 

pulmonary interstitium and the extent of the LAM cell 

involvement in the lungs has been correlated to prognosis. 

[47] Furthermore, extrapulmonary LAM lesions in patients 

with PLAM have been described, and some of these do reach 

macroscopic sizes. [48] In these, it is noted by the authors 

that the size of the lesions are “largely determined by the 

development of multiple cysts containing chylous fluid rather 

than the degree of proliferation of LAM cells”. In addition, as 

noted above, a macroscopic lesion causing obstruction of the 

thoracic duct has also been described. [7] 

 

Figure 8. Lymphovascular space involvement in PLAM. (A) Lung with interstitial LAM lesion and associated dilated lymphatic spaces with tumor emboli of 

LAM (arrows) in lymphatic spaces. (H/E stain, 40 x magnification (B) Intralymphatic tumor emboli of LAM. (H/E stain; 200 x magnification) (C) Cathepsin K 

IHC with positive staining of LAM cells. (200 x magnification) (D) D2-40 IHC stain with staining of lining of lymphatic space. Also note the positive staining 

of the tumor emboli with their associated lymphovascular proliferation. (200 x magnification) 

 

Figure 9. The lung in PLAM. (A) Scanning view of lung in PLAM shows an “emphysema-like” digestion of pulmonary parenchymal tissue with minimal 

fibrosis and inconspicuous LAM cells. (H/E 20 x magnification) (B) Pulmonary interstitial areas with LAM cells associated with “emphysema-like” digestion 

of pulmonary parenchymal tissues. This subtle infiltration of the interstitial areas likely results from retrograde extension of LAM cells in lymphatics back to 

the origins of the lymphatic vessels. (H/E 40 x magnification) (C) Cathepsin K IHC stain showing subtle LAM infiltrate in the pulmonary interstitium. (100 x 

magnification) (D) Cathepsin K IHC stain showing strong positive staining of LAM cells in pulmonary interstitium. (200 x magnification) (E) Subpleural 

cystic lesion of PLAM. Note the “emphysema-like” digestion of pulmonary parenchymal tissue. There is a distinct nodule of LAM cells in the wall of the cyst. 

These cystic lesions are prone to rupture leading to the high incidence of pneumothorax in patients with PLAM. (20 x magnification) (F) Microscopic nodule 

of LAM cells in wall of subpleural cystic lesion of PLAM. (200 x magnification). 
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Figure 10. An overview of the pathogenesis of PLAM. 

8. The "PEComa" Concept 

Despite early skepticism,[49] the concept of a precursor 

perivascular epithelioid cell and a “PEComa” family of 

tumors has been surprisingly generally accepted and 

incorporated into the WHO Classifications of tumors of 

the lung, [50] kidney, [51] and female genital tract. [52] A 

perivascular epithelioid cell has never been identified. 

Alternative well recognized and characterized cells have 

been proposed as precursor cells for uterine LAM lesions 

[11, 12] and renal AML lesions [53] without resorting to 

the heretofore undiscovered perivascular epithelioid cell. 

A possible flaw in the PEComa concept has been the 

unsupported view that differentiation patterns in tumor 

cells (i.e. myomelanocytic differentiation) implies a 

common cell of origin. There are a wide variety of tumors 

known to produce mucin, for example, and yet, we do not 
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think they all have a common precursor cell. Renal AML 

has cells with the same myomelanocytic differentiation as 

PLAM, but this is a distinctly different tumor from the 

Mullerian smooth muscle derived LAM lesions with a 

distinctly different biologic behavior. A further evaluation 

of tumors grouped together in the “PEComa” family might 

better define these distinct tumors and cast further doubt 

on the notion of a “PEComa family of tumors. 

9. Conclusions 

PLAM is a metastatic lesion. The primary site for this 

neoplasm is Mullerian smooth muscle tumors with 

myomelanocytic differentiation located in the female genital 

tract, predominantly the uterus. The tumor spreads through 

lymphatics and into the lungs via retrograde lymphatic flow 

in the mediastinal lymphatics due to obstruction to lymphatic 

flow at or near the level of the thoracic duct. Progressive 

pulmonary cystic transformation of the lung is due to the 

secretion of digestive enzymes by LAM cells resulting in 

emphysematous-like digestion of the pulmonary tissues. 

PLAM can be viewed as a state of “neoplastic senescence 

with limited growth potential” which facilitates 

understanding of the clinical, radiographic, and pathologic 

features of this disease. 
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