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Abstract 47 

p16 activation caused by oncogenic mutations may represent oncogene-48 

induced senescence (OIS), a protective mechanism against oncogenic events. 49 

However, OIS can contribute to tumor development via tissue remodeling in 50 

some tumors. Erdheim-Chester disease (ECD), a rare non-Langerhans cell 51 

histiocytosis, is one such tumor. Its clinical and histological features vary, making 52 

it difficult to diagnose. Herein, we describe an autopsy of an ECD patient. The 53 

patient underwent radiological examinations, including 18F-fluorodeoxyglucose 54 

(FDG)-positron emission tomography/computed tomography (PET/CT), bone 55 

scintigraphy and CT. A biopsy from the lesion with the highest FDG 56 

accumulation confirmed the presence of foamy macrophages, a diagnostic clue 57 

for ECD. Based on this finding and the clinical features, ECD was diagnosed. 58 

However, the patient died from heart dysfunction. After the autopsy, each 59 

radiologically different site showed various histological findings regarding the 60 

morphology of macrophages, fibrosis, inflammation, and p16 expression. OIS-61 

induced histological progression can cause certain changes observed in 62 

radiological images. In addition, in order to evaluate the increase in glucose 63 

metabolism, which can affect FDG accumulation, the expression of glucose 64 

transporter 1 and hexokinase II was also analyzed. Summarizing the radio-65 

histological correlation can help further both the understanding and diagnosis of 66 

ECD.   67 
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Introduction 74 

Erdheim-Chester disease (ECD) is a type of non-Langerhans cell histiocytosis 75 

(LCH) and is thought to arise from the monocyte-macrophage lineage. Although 76 

several hundred cases of ECD have been reported internationally,1-3 there is no 77 

report that describes in detail the correlations between radiological images and 78 

histological findings. ECD involves multiple organs (e.g., 79 

bone/retroperitoneum/heart/vessels/lungs/central nervous system/skin/orbits).1-3 80 

Non-Langerhans macrophages, foamy macrophages and multinucleated giant 81 

cells, which are positive for CD68 and CD163 but negative for CD1a and S-100, 82 

together with fibrosis and non-neoplastic inflammatory cells, infiltrate these 83 

sites.1 These findings are classical features of ECD. However, it seems that foamy 84 

macrophages do not always invade the entire body, and varying histological 85 

features are present.1 Although BRAFV600E, NRAS or PIK3CA gene mutations 86 

have been reported,4 these mutations are currently not necessary for diagnosis.1,2 87 

Rather, clinical features and histological findings have been emphasized in 88 

making a diagnosis. Networks of cytokines and chemokines exist in ECD,5 and 89 

interferon (IFN)- can be the first-line therapy.1,2 90 

Some oncogenes (BRAF, RAS) activate tumor suppressor genes, such as the 91 

p16 and RB families, which induce cell senescence to prevent oncogenic events. 92 

This mechanism is called oncogene-induced senescence (OIS) and is known to 93 

occur in some tumors including ECD.6-8 Conversely, the senescent cells produce 94 

a senescence-associated secretory phenotype (SASP), including cytokines and 95 

growth factors. The SASP causes infiltration of wild-type inflammatory cells and 96 

tissue remodeling and paradoxically promotes oncogenesis.9,10 97 

Herein, we report an autopsy case of an ECD patient with few foamy 98 

macrophages. The clinical and histological features are precisely described with 99 
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pathophysiological considerations.   100 

  101 
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Clinical summary 102 

A 74-year-old previously healthy male was found to have leukopenia (white 103 

blood cells, WBCs, 2,500/µl) and thrombocytopenia (platelets, 85,000/µl) at a 104 

health evaluation 10 years prior to his death and was followed up at our hospital. 105 

He experienced repeated low-grade fevers of 37°C of unknown etiology during 106 

the last year before his death. Seven months before his death, he had repeated 107 

episodes of high fevers of 38°C, and a disturbance of ocular mobility was noticed. 108 

Thoracic to abdominal computed tomography (CT) revealed a soft tissue-like 109 

silhouette surrounding the aorta (Fig. 1A) and kidney (Fig. 1B).11 Malignant 110 

lymphoma, aortitis syndrome, amyloidosis and IgG4-related disease were 111 

suspected, and a posterior ilium biopsy and inguinal lymph node biopsy were 112 

performed. However, only hypercellular bone marrow and lymphadenitis, 113 

respectively, were observed. In the last month prior to his death, a CT scan 114 

indicated the appearance of a soft tissue-like silhouette surrounding the heart 115 

and mesentery and an increase in pleural/pericardial effusions. The patient was 116 

therefore admitted to our hospital for further examination. During the year of his 117 

death, he lost 10 kg in body weight (from 65 to 55 kg). 118 

The laboratory data at the time of his hospitalization revealed the following: 119 

WBC count, 5,300/µl (neutrophils, 42.8%; lymphocytes, 22.3%; monocytes, 120 

42.0%); hemoglobin, 12.7 g/dl; platelets, 87,000/µl; CRP, 3.60 mg/dl; and ESR, 27 121 

mm/h. A physical examination and magnetic resonance imaging (MRI) revealed 122 

tumors in both orbits (Fig. 1C).11 Whole-body 18F-fluorodeoxyglucose (FDG)-123 

positron emission tomography/computed tomography (PET/CT) revealed 124 

remarkably high (the highest) accumulation of FDG in the right ilium (Fig. 1D).11 125 

The maximum standardized uptake value (SUVmax) of the site was 12.87. A 126 

slight to moderate increase of FDG accumulation was also observed in the other 127 
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parts of the body (Fig. 1E). However, it was difficult to determine whether these 128 

slight to moderate increases show tumor itself or reactive change of bone marrow. 129 

Reactive change in FDG-PET/CT can be encountered in various clinical 130 

conditions such as chronic inflammation (e.g., rheumatoid arthritis, sarcoidosis), 131 

tumor and anemia. Symmetrically increased osteoblastic activity primarily in the 132 

tibias and the second lumbar vertebra was detected on 99mtechnetium 133 

hydroxymethylene diphosphonate (99mTc-HMDP) bone scintigraphy (Fig. 1F). 134 

Based on these findings, malignant lymphoma, IgG4-related disease and ECD 135 

were suspected, and a biopsy of the right ilium was performed in the area where 136 

FDG maximally accumulated (Fig. 1D). The biopsy showed macrophages, 137 

multinucleated giant cells, foamy macrophages, lymphocytic infiltrate and 138 

fibrosis (see pathological findings for further details). Almost all the 139 

macrophages were positive for CD68/CD163 but negative for CD1a/S-140 

100/Langerin. No evidence of emperipolesis was present. Fungal infection and 141 

tuberculosis were excluded by PAS and Ziehl-Neelsen staining. Based on these 142 

findings, the patient was diagnosed with ECD, and IFN- was administered. The 143 

patient received subcutaneous injections of 6,000,000 units/time of IFN- (3 times 144 

per week) for  approximately one week. However, the increase in the pleural and 145 

pericardial effusions was so difficult to control that the patient developed atrial 146 

fibrillation and died from heart dysfunction and respiratory failure despite 147 

pericardial drainage.  148 

  149 
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Pathological findings 150 

The autopsy was performed one and a half hours after death. The patient’s 151 

body height was 166 cm, and his weight was 60.4 kg. Pretibial edema was 152 

observed. Macroscopically, the tumor was elastic hard/yellowish with 153 

accompanying fibrosis and had grown predominantly in fat-rich tissues 154 

including the pleura (Fig. 2A), pericardium/periaortic tissue (Fig. 2B), 155 

retroperitoneum/renal capsule (Fig. 2C), and mesentery (Fig. 2D). A part of the 156 

second lumbar vertebra, which corresponded to the accumulation of 99mTc-157 

HMDP (Fig. 1E), was replaced by fibrosis (Fig. 2E). Histologically, a number of 158 

monocytes/macrophages were observed in the multiple organs (e.g., bone 159 

marrow of the entire vertebrae/spleen/thyroid 160 

gland/lung/pleura/aorta/heart/pericardium/kidney/retroperitoneum/renal 161 

capsule/suprarenal gland/pancreas/mesentery/peritoneum/testis. Macrophages 162 

were dominantly observed around fat-rich tissues, such as the pleura, 163 

pericardium and mesentery, rather than the stroma, vessels and parenchyma of 164 

organs. We speculated that the patient had died from diastolic dysfunction of the 165 

heart caused by the tumor itself and fibrosis around the pericardium. 166 

Notably, foamy macrophages were observed only in the right ilium, where 167 

FDG maximally accumulated. In addition, each radiologically different site 168 

showed various histological features of macrophages, inflammation, fibrosis, and 169 

p16 expression. We analyzed the radio-histological correlation as follows: #1. 170 

Sites without radiological characteristics (hematopoietic organs such as spleen 171 

and bone marrow of vertebrae), #2. A scintigraphy-positive site (second lumbar 172 

vertebra), #3. The highest FDG site (right ilium), and #4. CT low sites (fat-rich 173 

membranes, including the pleura, pericardium and mesentery) (Fig. 3). At site #1, 174 

monocytes had proliferated without fibrosis. Silver impregnation and Masson 175 
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trichrome staining showed that a small amount of reticular fibers had 176 

proliferated. This finding corresponds to MF-0 in the European consensus on 177 

grading of bone marrow fibrosis.12 At site #2, multinucleated macrophages, 178 

spindle-shaped macrophages, inflammatory cells and reticular/collagen fibers 179 

(MF-2~3) were observed (defined as #2a). A greater amount of fibrosis was 180 

observed in the area with spindle-shaped macrophages in #2a. Much greater 181 

fibrosis (MF-3), few macrophages and inflammatory cells were partially observed 182 

(defined as #2b). At site #3, foamy macrophages and a greater number of 183 

inflammatory cells appeared. The fibrosis was composed of diffuse reticular 184 

fibers (MF-2). At site #4, invasion of macrophages and multinucleated cells with 185 

collagen fiber fibrosis and inflammation were observed. Connective tissue 186 

growth factor (CTGF),13 a fibrosis marker, was weakly to moderately positive 187 

(Table 1). The percentage of p16-positive macrophages was calculated at each site 188 

(Table 1). The monocytes/macrophages did not express cyclin D1, p21 and p53 at 189 

any of the sites. The Ki-67 proliferative index was 5-10% at all the sites.  190 

FDG-PET/CT illustrates the increase in glucose metabolism in a lesion (e.g., 191 

inflammation or tumor). This metabolic increase is caused by various factors 192 

including the expression of glucose transporter (Glut) and hexokinase (HK), and 193 

mitochondrial activity.14, 15 To clarify the reasons why extremely high FDG 194 

accumulated at site #3, we analyzed the expression of glucose transporter 1 (Glut-195 

1) and hexokinase II (HK-II). Glut-1 was negative at all sites, whereas HK-II was 196 

strongly positive at site #3 compared to the other sites (Fig. 4A).  197 

BRAFV600, NRAS and PIK3CA mutations were examined from DNA 198 

samples of paraffin sections. BRAFV600 and PIK3CA mutations were examined 199 

by direct sequencing, and NRAS mutations were examined by polymerase chain 200 

reaction-reverse sequence specific oligonucleotide method (SRL, Inc., Tokyo, 201 
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Japan). These mutations were not detected. Immunohistochemically, we 202 

examined BRAF mutations using an anti-BRAFV600E antibody in the right ilium, 203 

bone marrow, lung and heart. All sites were negative for this mutation based on 204 

immunohistochemical examination. 205 

  206 
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Discussion 207 

Although it is emphasized that foamy macrophages proliferate in ECD, 208 

foamy macrophages may not always invade the entire body.1 The foamy 209 

macrophage is considered to indicate a diagnosis of ECD. Thus, if the biopsy 210 

shows only the proliferation of non-foamy macrophages, it is difficult to exclude 211 

other diseases, including inflammation and other histiocytic tumors. In this 212 

context, summarizing radio-histology can be a practical method for determining 213 

where to perform a biopsy. 214 

In general, FDG-PET can portray the increase in glucose metabolism as the 215 

result of high turnover/proliferation in the lesion, and bone scintigraphy can 216 

show reactive changes (e.g., osteogenesis/remodeling/fibrosis) of the bone near 217 

the lesion. The CT absorption value reflects the characteristics of a substance. 218 

Although these images cannot simply be compared to each other, we can possibly 219 

infer the activity/histology of the lesion by integrating such information in ECD. 220 

This case indicates that histology (tissue remodeling) of ECD is associated 221 

with OIS (Fig. 4B). This is supported by the positive correlation between 222 

macrophage expression of p16 and the increase in inflammatory cells infiltrating 223 

the lesion (Fig. 3 and Table 1). The changes in histology or senescent conditions 224 

can affect radiological images. We described the area with the highest FDG 225 

accumulation as site #3, where foamy macrophages expressed higher levels of 226 

HK-II. Foamy macrophages may proliferate faster than the macrophages at other 227 

sites and site #3 may be more aggressive. More than a certain value of SUVmax 228 

might indicate the presence of foamy macrophages. High expression of p16 was 229 

also observed at site #3. This fact supports that site #3 was more aggressive, 230 

considering the fact that p16 expression positively correlates with the grade of 231 

cervical intraepithelial neoplasia (CIN).16 In contrast, the number of tumor cells 232 
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decreased and p16 expression was not observed at site #2b. Senescence control 233 

might successfully suppress tumor growth. Thus, we believe that site #2b is in 234 

the last stage of ECD. Greater fibrosis (#2) was observed where 99mTc-HMDP 235 

accumulated, and bone scintigraphy is thought to show remodeled tissue. Based 236 

on these facts, FDG-PET/CT may be more convenient to determine where a 237 

biopsy should be performed. In this case, no expression of p21, p53, and proteins 238 

of another senescent pathway6,10 was observed. This is compatible with a study 239 

that found that p53 degradation induces p16 expression and SASPs.17 240 

The examination performed to detect mutations in this report has some 241 

limitations. Non-neoplastic macrophages may be used for sequencing, which 242 

resulted in an absence of mutations. Moreover, although no mutations were 243 

found in our case, overexpression of p16 was surely ascertained. This fact may 244 

indicate that an unknown mutation is present other than those previously 245 

identified. Cases of LCH without the BRAFV600E mutation and with p16 246 

expression have been reported and the same reason was proposed.18 247 

In conclusion, investigating the tissue remodeling that corresponds to 248 

radiological images can help understanding the pathophysiology of ECD as well 249 

as improving our ability to diagnose and treat ECD.   250 

1,998 words 251 

252 
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Tables 312 

 313 

Table 1.  Summary of histological findings.  The histological findings in Fig. 314 

3 are summarized. Higher macrophage expression of p16 indicates greater 315 

inflammatory cell infiltration into the lesion. Infiltration of inflammatory cells is 316 

described as follows: -, < 20/high-power field; +, 20-100/high-power field; ++, > 317 

100/high-power field. CTGF, connective tissue growth factor; ±, weakly positive; 318 

+, moderately positive.  319 

 320 

 321 

  322 

Radiological images Monocyte/macrophage type Fibrosis Infiltration of 

inflammatory cells 

p16 (%) CTGF 

#1. Without characteristics Proliferation of monocytes Reticular fiber±, MF-0 - 0 + 

#2. Scintigraphy positive #2a Multinucleated macrophages 

Spindle macrophages 

Reticular fiber+, MF-2~3 + 21.6 + 

#2b Decrease in cells Collagen fiber+++, MF-3 - 0 ± 

#3. The highest FDG Multinucleated and foamy 

macrophages 

Reticular fiber+, MF-2 ++ 48.7 ± 

#4. CT low Multinucleated macrophages Collagen fiber+ + 18.4 + 
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Figures 323 

 324 

Figure 1. Radiological findings. (A, B) Soft tissue-like silhouette (arrows) 325 



Ohara Y et al.  18 
 

surrounding the aorta (A) and kidney (B) on CT images. The perirenal silhouette 326 

is known as "hairy kidney" appearance. (C) Tumors (arrows) in both orbits on 327 

MRI (T2-weighted image). (D) An accumulation of FDG (SUVmax, 12.87) in the 328 

right ilium on FDG-PET/CT. SUVmax of the other parts of the ilium was 3.82. (E) 329 

A slight to moderate increase of FDG uptake also observed in the other parts of 330 

the body. SUVmax was as follows: Second lumbar vertebra (arrow heads), 7.05; 331 

the other vertebras, 3.57-5.02; mesentery, 2.81-3.07; left tibias, 1.87; right tibias, 332 

1.63. The red color arrows indicate tibias. The yellow color arrow indicates the 333 

same lesion described in (D). (F) Symmetrically increased osteoblastic activity 334 

primarily in the tibias/patellas (arrows) and the second lumbar vertebra (arrows 335 

heads) detected on bone scintigraphy. L, left; R, right. 336 

 337 

 338 

Figure 2. Macroscopic findings of the extensive tumor. An elastic hard and 339 
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yellowish tumor accompanied by fibrosis was growing in the pleural and 340 

peritoneal cavities. (A-C) The lung (A), aorta and heart (B), and renal capsule (C) 341 

were surrounded by the tumor (arrows). (D) The mesentery (arrows) was 342 

yellowish and thick. (E) The second lumbar vertebra was partially accompanied 343 

by strong fibrosis (arrows), which corresponded to the increased osteoblastic 344 

activity detected on bone scintigraphy. Scale bar, 10 mm. LA, left atrium; RA, 345 

right atrium; L, left; R, right 346 

 347 
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 348 
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Figure 3. Radiological images correlated with tissue remodeling in histological 349 

findings. (#1) Sites without radiological characteristics. Proliferation of 350 

monocytes without fibrosis was observed. Silver impregnation and Masson 351 

trichrome staining revealed proliferation of a small amount of reticular fibers 352 

(MF-0). (#2) Scintigraphy-positive site. Multinucleated macrophages, spindle-353 

shaped macrophages, inflammatory cells and reticular/collagen fibers (MF-2~3) 354 

were observed (defined as #2a). Greater fibrosis (MF-3), fewer macrophages and 355 

inflammatory cells were partially observed (defined as #2b). (#3) The highest 356 

FDG site. Foamy macrophages and a greater number of inflammatory cells were 357 

present. The fibrosis was composed of diffuse reticular fibers (MF-2) and focal 358 

collagen fibers (arrow). (#4) CT low site. Invasion of macrophages and 359 

multinucleated cells with collagen fiber fibrosis and inflammation were observed.  360 

#1, bone marrow of lumbar vertebrae; #2, bone marrow of the second lumbar 361 

vertebra; #3, right ilium; #4, mesentery. All figures are at the same 362 

magnification, and the scale bar in (#1-HE) is 100 µm. 363 

 364 
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 365 

Figure 4. Hexokinase II (HK-II) expression and pathophysiology of ECD. (A) 366 

HK-II was strongly positive at site #3, compared to the other sites (#1, weak; #2a, 367 

weak; #2b, negative; #3, strong; #4, weak). Stronger HK-II expression at site #3 368 

and lower HK-II expression at site #1, #2 and #4 are consistent with FDG 369 

accumulation. All figures are at the same magnification, and the scale bar in (#1) 370 

is 100 µm. (B) Oncogenic mutations of monocytes first occur in hematopoietic 371 

organs (#1). Invaded macrophages have a unique affinity for fat tissues (#2, #3, 372 
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#4). OIS, as detected by p16 expression, is possibly associated with tumor 373 

progression and tissue remodeling (fibrosis/non-neoplastic inflammation) 374 

through SASPs. Judging from the degree of fibrosis, site #2 and #4 is thought to 375 

be in later stage. Fibrosis, rather than tumor itself, can lead to fatal conditions (e.g., 376 

diastolic dysfunction of heart), and may represent an important target for 377 

managing ECD. Drugs that may inhibit SASPs (e.g., anti-inflammatory drugs,1 378 

cytokine-blocking agents,7,8 mTOR inhibitors19,20) are available. ECD, Erdheim-379 

Chester disease; mTOR, mammalian target of rapamycin; OIS, oncogene-induced 380 

senescence; SASP, senescent associated secretary phenotype. 381 


