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Introduction

Thymoma is a type of mediastinal malignant tumors which always associated with autoimmune diseases. Although surgery is the predominant treatment method for thymoma, the pathogenesis of thymoma and thymoma-associated autoimmune diseases is still unknown. However, the case study here provided a possible pathogenesis and treatment to cure the thymoma with autoimmune enteropathy and myocarditis.



Case presentation

A thymoma case with autoimmune enteropathy and myocarditis undergoing surgery was reported. The symptoms and laboratory results of the patient had dramatically fluctuated after tumor resection and gradually alleviated. The whole exome sequencing found MDM4 amplified in tumor cells. Immunohistochemistry indicated that thymoma cells were positive for MDM4. The result of drug sensitivity tests showed thymoma cells were highly sensitive to Nutlin-3a.



Conclusion

MDM4 could play an important role in the pathogenesis of this thymoma case with autoimmune enteropathy and myocarditis. This discovery may provide a novel idea of pathogenesis and treatment for thymoma and autoimmune diseases.
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Introduction

Although thymoma is the most common primary tumor of the anterior mediastinum (1), the annual incidence of the case is only 1.4/1,000,000 (2). More than one third of thymoma patients are associated with some kinds of paraneoplastic syndromes (3), such as myasthenia gravis (MG), pure red cell aplasia (PRCA), hypogammaglobulinemia, etc (4, 5). Some paraneoplastic syndromes may gradually alleviate after tumor resection. But up to now, the pathogenesis of thymoma and thymoma-associated autoimmune diseases has still not completely well explained. In fact, it is very important to understand the relationship between thymoma and its related autoimmune diseases, and potential abnormal molecule. In this way, we can go a step further towards the completely revealing the pathogenesis of both thymoma and autoimmune diseases. Here, we reported a thymoma case with autoimmune enteropathy and myocarditis.



Case Presentation


Case History

A 22-year-old young man presented with diarrhea for nearly 1 year and diagnosed of thymoma for 4 months. He is a Chinese college student, with no medical history. He denied any tobacco, alcohol, drug and family history.

The patient presented with diarrhea by sudden, did not have any recognizable precipitating factors. The frequency was 6 to 8 watery stools daily with tenesmus. There was no abdominal pain, hematochezia, or melena. The conventional antidiarrheal drugs and gluten-free diet were ineffective.

Four months ago, because of cough and shortness of breath, he underwent a chest computed tomographic (CT) examination, revealing a huge anterior mediastinal mass that measured 7.2 cm craniocaudally, 6.7 cm transversely, and 4 cm anteroposteriorly, as well as invading into the left anonymous vein (Figure 1A). 18F-flurodeoxyglucose positron emission tomography/CT showed the mediastinal mass was malignant, and no other malignant lesion was observed. Pathological examination by a core-needle biopsy specimen confirmed the diagnosis of thymoma. The abdomen and pelvis CT film showed the diffuse wall thickening of the colon (Figure 1D). The enteroscopy showed the small intestinal villus atrophy, and the sigmoid colonic mucosa was markedly thinner than normal (Figure 1E). The pathological examination confirmed the diagnosis of autoimmune enteropathy (6) (Figure 1F). In addition, the anti-intestinal goblet antibody, anti-centromere protein B antibody were also positive. Flow cytometric evaluation of lymphocyte subsets showed: CD3, 2266/µL, (reference range, 1185–1,901); CD4+, 782/µL, (reference range, 561–1,137); CD8+, 1334/µL, (reference range, 404–754). Assay of serum immunoglobulin levels showed: IgG levels higher than normal, while IgM, IgE, and IgD are normal.




Figure 1 | Diagnostic Evidence of Thymoma with Autoimmune Enteropathy and Myocarditis. An axial, CT contrast-enhanced scan of the chest (A) shows a mediastinal mass (arrows) invading into the left anonymous vein. During surgery, we found that not only the left anonymous vein (white arrow) but also the anterior segment of left-upper lobe (black arrow) were involved by the thymoma (B). The pathological sections of tumor stained with hematoxylin and eosin shows typical B1 thymoma (C). A coronal, CT contrast-enhanced scan of the abdomen and pelvis (D) shows the typical thickening and high-density of the colon wall. The enteroscopy (E) showed the sigmoid colonic mucosa was markedly thinner than normal, and the colon mucosal biopsies (F) detected the colonic mucosa with chronic inflammation, mild lymphocytosis, and extensive loss of goblet cells.



Considered that autoimmune enteropathy might be associated with thymoma, the patient was admitted to Beijing Tongren Hospital for tumor resection. On physical examination, the patient was severely malnourished and the vital signs were normal. Auscultation of the chest revealed scattered rales. The abdomen was soft, non-tender, and the bowel sound was exaggerated. The remainder of the physical examination was normal. On laboratory examination, levels of troponin I (TNI), B-type natriuretic peptide (BNP), creatine kinase-MB (CK-MB), and lactate dehydrogenase (LDH) were mildly higher than normal (Figures 2A–D). The patient was positive for anti–RO-52, anti-titin, and anti-myocardial antibody, negative for anti-body and DNA of cytomegalovirus, and suspected clinically of having autoimmune myocarditisr (7).




Figure 2 | The trends of laboratory test results. The levels of TNI, BNP, LDH, and CK-MB were mildly higher than normal before surgery, significantly increased within 10 days after tumor resection, and 3 months later, returned to be normal (A–D). Horizontal dashed black lines in each graph designate the upper and lower limits of the normal range for each variable, as determined by the Beijing Tongren Hospital Clinical Hematology Laboratory.



The oxygen saturation, renal-function and thyroid-function tests were normal; fecal occult blood tests (FOBT), hanging drop test, parasitological test, clostridium difficile toxin of stool were negative. The other laboratory results were shown in Table 1.


Table 1 | Laboratory data.



Thymoma, left anonymous vein and involved anterior segment of the left-upper lobe were completely resected via median sternotomy (Figure 1B). The surgical procedure was smooth. The amount of intraoperative bleeding was 200 ml and no transfusion.



Clinical Data and Specimen Collection

The patient and his parents provided written informed consent for their participation in the study, specimen collection, and publication of the results. During the consenting process, risks and benefits of research-based whole exome sequencing (WES), immunohistochemistry (IHC) and drug sensitivity testing (DST) were explained.



Whole Exome Sequencing (WES) Analysis

Genomic DNA was isolated from peripheral blood and tumor tissue, detected among the whole exome of more than 20,000 exons by SureSlect Human All Exon V6 of Agilent Technologies, Inc.



Histologic and Immunohistochemical Testing

The paraffin-embedded thymoma tissues were cut into 4 µm of sections, stained with hematoxylin and eosin (H&E) and analyzed by immunohistochemistry (IHC).



Drug Sensitivity Testing

The collagen gel droplet embedded culture-drug sensitivity test (CD-DST) was performed as we described previously (8, 9). A sample of thymoma was collected from the fresh specimen during surgery. After 5–7 days’ growth, the colonies of thymoma cells were cultured in collagen gel droplets with Nutlin-3a (1.0 μg/ml) and analyzed by the image analysis method (the software Primage 1.0.6.3). The drug sensitivity was measured by the size of colonies. By measuring the size of colonies, drug sensitivity was tested.




Results

The postoperative pathological diagnosis indicated B1 thymoma, and the tumor margin was clean and no tumor cell infiltration was observed (Figure 1C). Because it invaded into the left anonymous vein, the tumor was diagnosis as stage III according to the Masaoka stage. The diarrhea improved significantly within 3 days after operation. The patient self-reported that the appetite and mental conditions improved significantly postoperatively. And then, the patient was discharged. However, the symptom of diarrhea reappeared 5 days after surgery. The patient presented with dyspnea and respiratory muscle weakness 10 days after surgery. Within 2 weeks, these symptoms rapidly worsened. Initial vital signs at emergency department were as follows: blood pressure, 106/65 mm Hg; heart rate, 120 to 130 beats/min; respiratory rate, 25 to 33/min; body temperature, 36.3°C and blood oxygen saturation, 93% to 95% (33% FiO2). Echocardiography demonstrated diffuse myocardial wall hypokinesis with reduced left ventricular ejection fraction (LVEF) less than 35%. The ECG showed sinus tachycardia and occasional ventricular premature beat. Levels of TNI, BNP, CK-MB and LDH drastically increased within 10 days after surgery (Figures 2A–D). Meanwhile, percentage of CD3 increased, and CD4+/CD8+ decreased (shown in Table 1). Tracheal intubation with ventilator was immediately used for respiratory support. Edrophonium testing was negative. The acetylcholine receptor (AChR) antibody and muscle-specific receptor tyrosine kinase (MuSK) antibody were negative in the serum analyzed by radioimmunoassay. No decrement were observed in repetitive nerve stimulation (RNS) of facial nerve, accessory nerve and ulnar nerve at 3 Hz and 5 Hz.

The patient was treated with intravenous methylprednisolone 500 mg daily for 3 days, 80 mg daily for 2 weeks, and then, oral methylprednisolone 28 mg once a day. The dose of methylprednisolone reduced 4 mg per 2 weeks. After the medical treatment, the symptom of watery stools improved gradually, and 3 months later, return to be normal. The patient could also wean off the ventilator and the echocardiography showed LVEF was 55%. Levels of TNI, BNP, CK-MB and LDH gradually decreased and returned to be normal (Figures 2A–D), and the same trend was observed in the percentage of CD3 and CD4+/CD8+ (shown in Table 1). Chest CT examination at 2 weeks, 1 month, 2 months, and 3 months after surgery showed no signs of tumor recurrence or metastasis. The patient self-reported that diarrhea, dyspnea and muscle weakness were completely relieved 3 months after the operation.

The result of WES indicated that only one driver gene-MDM4 amplified four folds in 53.2% thymoma cells (Figure 3A). The immunohistochemical staining demonstrated positivity for MDM4 (Figure 3B) and negativity for p53 (Figure 3C). To further confirm the relationship between MDM4 and tumorigenesis on thymoma, the CD-DST method was applied for testing the effect of Nutlin-3a, which is one of the MDM4 inhibitors. The growth rate of the thymoma cells is 41.22%, and it was significantly lower than 78.66% in the control group (Figure 3D). It meant that the thymoma cells had a high sensitivity to Nutlin-3a.




Figure 3 | Genetic Testing and Validation Results. The WES result indicated that the MDM4 amplified in this thymoma cells, which is the unique driver gene in 99 mutated genes among 20,000 exons (A); Immunohistochemical staining showed positivity for MDM4 (B) and negativity for p53 (C); The drug sensitivity test showed that the growth rate of thymoma cells was 41.22% in Nutlin-3a group, compared with 78.66% in the control group, which meant that the thymoma cells were highly sensitive to Nutlin-3a (D).





Discussion and Conclusions

Thymoma is the most common anterior mediastinal neoplasms, originating from the epithelial cells population in the thymus. An intriguing clinical characteristic of thymoma is that the presence of thymoma is frequently associated with a variety of autoimmune diseases (4). Here we reported a thymoma patient with autoimmune enteropathy and myocarditis. This is an extremely rare case of thymoma with multiple autoimmune diseases, then cured by surgery and glucocorticoid.

Autoimmune enteropathy is a rare autoimmune disease characterized by refractory diarrhea and malnutrition. It is described primarily in infants and may occasionally occur in adults. Anti-enterocyte antibodies (AEA) and anti-goblet cell antibodies are often found in patients with autoimmune enteropathy, but not specific (6). Autoimmune myocarditis is induced by multiple factors, such as toxins, alcohols, bacteria, viruses, etc. Autoimmune myocarditis often results as idiopathic dilated cardiomyopathy, which is sometimes as a lethal disorder characterized by left ventricular (LV) enlargement and systolic dysfunction (7). In this case, preoperative examinations showed that multiple autoantibodies displayed in the patient’s serum. Remarkably, within 2 weeks after surgery, cardiac function deteriorated following the rapid decrease of LVEF. Along with the rapid exacerbation and gradual alleviation of symptoms, levels of TNI, CK-MB, LDH, and BNP substantially changed. Edrophonium testing, antibody testing and electrophysiologic testing negated the diagnosis of myasthenia gravis, despite the patient’s symptoms were similar. The clinical improvement and variations of lymphocyte subsets after tumor resection provided the evidence of the strong association between thymoma and two kinds of autoimmune diseases (autoimmune enteropathy and myocarditis).

Most interest found the MDM4 amplified in thymoma cells by WES. IHC indicated that thymoma cells were positive for MDM4 and negative for p53 in this case, which is different from previous researches, in which we found p53 up-regulated and MDM4 unremarkable in thymoma (10–12). In the human genome, MDM4 is encoded at chromosome 1q32.1 and is comprised of 11 exons (13). MDM4 expression is undetectable in most normal adult tissues (14), but less expression in spleen and thymus (15). As a p53-binding protein, Mdm4 could control p53 to regulate cell proliferation and cell cycle independently (16, 17). The relationship between MDM4 and tumor and autoimmune diseases has been researched intensively, but no one has studied the connection between MDM4 and thymoma and thymoma-associated autoimmune diseases. MDM4 high expression and p53 low expression may explain the particularity of this case to some extent.

Nutlins is a group of small molecules (Nutlin-1, Nutlin-2, Nutlin-3) acting by preventing the binding of MDMX to P53. Then, the accumulation of p53 activates p53 pathways, and inhibits the cancer cells growth (18). Subsequently, we used the CD-DST method to evaluate the effectiveness of Nutlin-3a in this case. CD-DST has been regarded as an effective drug sensitivity test approximating the clinical effect in different types of malignant tumors and having a high predictive accuracy for responses to chemotherapy (9). In this case, the thymoma cells were highly sensitive to Nutlin-3a. The further study confirmed that MDM4 could play an important role in the pathogenesis of this thymoma case with autoimmune enteropathy and myocarditis.

It is very important to deeply investigate the clinical characteristics and molecular abnormalities of thymoma with thymoma-associated autoimmune diseases like this case. This may provide a novel idea of pathogenesis and treatment not only for thymoma, but also for some rare autoimmune diseases. Regrettably, we cannot further confirm whether MDM4 amplification is associated with thymoma or autoimmune diseases due to the lack of animal models.



Data Availability Statement

The original contributions presented in the study are included in the article material. Further inquiries can be directed to the corresponding author.



Ethics Statement

Written informed consent was obtained from the patient for publication of this case report and any accompanying images.



Author Contributions

XD and LY conceived and designed the study. XD wrote the original draft of the manuscript. LY revised the manuscript. FL, ZY, and XGY contributed to the data curation. YJ, XTY analyzed the data. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Clinical Technology Innovation Project of Beijing Hospital Authority (XMLX201839).



Acknowledgments

We thank the patient and his parents for participating in this study. We thank all the clinicians, nurses who took care of the patient, all the researchers, and administrative staff who have enabled this work to be carried out.



References

1. Detterbeck, FC, and Parsons, AM. Thymic Tumors. Ann Thorac Surg (2004) 77:1860–9. doi: 10.1016/j.athoracsur.2003.10.001

2. Siesling, S, van der Zwan, JM, Izarzugaza, I, Jaal, J, Treasure, T, Foschi, R, et al. Rare Thoracic Cancers, Including Peritoneum Mesothelioma. Eur J Cancer (2012) 48:949–60. doi: 10.1016/j.ejca.2012.02.047

3. Thomas, CR, Wright, CD, and Loehrer, PJ. Thymoma: State of the Art. J Clin Oncol (1999) 17:2280–9. doi: 10.1200/JCO.1999.17.7.2280

4. Shelly, S, Agmon-Levin, N, Altman, A, and Shoenfeld, Y. Thymoma and Autoimmunity. Cell Mol Immunol (2011) 8:199–202. doi: 10.1038/cmi.2010.74

5. Scorsetti, M, Leo, F, Trama, A, D’Angelillo, R, Serpico, D, Macerelli, M, et al. Thymoma and Thymic Carcinomas. Crit Rev Oncol Hematol (2016) 99:332–50. doi: 10.1016/j.critrevonc.2016.01.012

6. Gentile, NM, Murray, JA, and Pardi, DS. Autoimmune Enteropathy: A Review and Update of Clinical Management. Curr Gastroenterol Rep (2012) 14:380–5. doi: 10.1007/s11894-012-0276-2

7. Kindermann, I, Barth, C, Mahfoud, F, Ukena, C, Lenski, M, Yilmaz, A, et al. Update on Myocarditis. J Am Coll Cardiol (2012) 59:779–92. doi: 10.1016/j.jacc.2011.09.074

8. Yu, L, Zhang, BX, Du, X, Yu, Z, Yang, XG, and Jiang, YX. Evaluating the Effectiveness of Chemotherapy for Thymic Epithelial Tumors Using the CD-DST Method. Thorac Cancer (2020) 11:1160–9. doi: 10.1111/1759-7714.13362

9. Kobayashi, H. Development of a New In Vitro Chemosensitivity Test Using Collagen Gel Droplet Embedded Culture and Image Analysis for Clinical Usefulness. Recent Results Cancer Res (2003) 161:48–61. doi: 10.1007/978-3-642-19022-3_5

10. Yu, L, Ke, J, Du, X, Yu, Z, and Gao, D. Genetic Characterization of Thymoma. Sci Rep (2019) 9:2369. doi: 10.1038/s41598-019-38878-z

11. Radovich, M, Pickering, CR, Felau, I, Ha, G, Zhang, H, Jo, H, et al. The Integrated Genomic Landscape of Thymic Epithelial Tumors. Cancer Cell (2018) 33:244–58 e10. doi: 10.1016/j.ccell.2018.01.003

12. Petrini, I, Meltzer, PS, Kim, IK, Lucchi, M, Park, KS, Fontanini, G, et al. A Specific Missense Mutation in GTF2I Occurs At High Frequency in Thymic Epithelial Tumors. Nat Genet (2014) 46:844–9. doi: 10.1038/ng.3016

13. Shvarts, A, Bazuine, M, Dekker, P, Ramos, YF, Steegenga, WT, Merckx, G, et al. Isolation and Identification of the Human Homolog of a New p53-binding Protein, Mdmx. Genomics (1997) 43:34–42. doi: 10.1006/geno.1997.4775

14. Dewaele, M, Tabaglio, T, Willekens, K, Bezzi, M, Teo, SX, Low, DH, et al. Antisense Oligonucleotide-Mediated MDM4 Exon 6 Skipping Impairs Tumor Growth. J Clin Invest (2016) 126:68–84. doi: 10.1172/JCI82534

15. De Clercq, S, Gembarska, A, Denecker, G, Maetens, M, Naessens, M, Haigh, K, et al. Widespread Overexpression of Epitope-Tagged Mdm4 Does Not Accelerate Tumor Formation In Vivo. Mol Cell Biol (2010) 30:5394–405. doi: 10.1128/MCB.00330-10

16. Toledo, F, and Wahl, GM. Regulating the p53 Pathway: In Vitro Hypotheses, In Vivo Veritas. Nat Rev Cancer (2006) 6:909–23. doi: 10.1038/nrc2012

17. Francoz, S, Froment, P, Bogaerts, S, De Clercq, S, Maetens, M, Doumont, G, et al. MDM4 and MDM2 Cooperate to Inhibit p53 Activity in Proliferating and Quiescent Cells In Vivo. Proc Natl Acad Sci U.S.A. (2006) 103:3232–7. doi: 10.1073/pnas.0508476103

18. Vassilev, LT, Vu, BT, Graves, B, Carvajal, D, Podlaski, F, Filipovic, Z, et al. In Vivo Activation of the p53 Pathway by Small-Molecule Antagonists of MDM2. Science (2004) 303:844–8. doi: 10.1126/science.1092472



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Du, Yu, Li, Yu, Yang, Jiang and Yu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2021.661316_cover.jpg
, frontlers
n Endocrinology

Case Report: MDM4 Amplified in a
Thymoma Patient With Autoimmune
Enteropathy and Myocarditis





OEBPS/Images/fendo-12-661316-g003.jpg





OEBPS/Images/fendo-12-661316-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case Report: MDM4 Amplified in a Thymoma Patient With Autoimmune Enteropathy and Myocarditis

      

        		

          Introduction

        



        		

          Case presentation

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Case Presentation

        

          		

            Case History

          



          		

            Clinical Data and Specimen Collection

          



          		

            Whole Exome Sequencing (WES) Analysis

          



          		

            Histologic and Immunohistochemical Testing

          



          		

            Drug Sensitivity Testing

          



        



        



        		

          Results

        



        		

          Discussion and Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-12-661316-g002.jpg
s o
zuo
H
Z o5 £ 200
e A A
PRI s i
: >
- -
w
> H
® -
9 =P
- ]
. .
® TP m s w

i s iy





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/table1.jpg
Variable Pre-operation Post-operation Reference
3days. 10days 6 wooks. 3 months. Range"

Eryiocyte sedmentaton ats () 8 2t a7 @ 6 o015
Airing aminotranstorase (U1) & 5 125 i 8 %050
Asparale amnotransiecase (/) 72 & 102 o %2 1540
Asaina phosphatase (U 550 291 746 468 167 45125
r-guiamyicansiecase (U7 m 258 852 556 25 1060
Creatio Knaso ) 129 201 a7 168 57 50-310
Aot ucar antbody 1160 / 1320 ’ 180 <td0
Avtitestioa gobiet antbody 120 / 120 ’ ) <t0
Aot myocarcsa antoody 1160 / 1320 / 1160 <t:100
Astscontromere protei B antibody (Uim) 116 / 124 1 2 <15
ArRo52 aniody(UIm). 128 v 169 i 13 <15
Tin-AD () / ) / © o
96 (mo/e) 1815 13 a7 763 04 700-1600
Difeental count (%)

8 hmphocytes (CD3-C19+) 76 74 72 21 153 62

T hmphocytes (CD3+) 805 852 892 851 809 5584

0D4+/C08+ T-hmphocytes ato 059 059 053 068 069 071278

Rloroncovalues o afecto by manyvaibls, ncuing tho palint populaon and o bboratn et s i 1 case. Thoanges adoplod al tho Bfing Torgren Hospial aroage-
clieat sAd i SaNRaE i g i Al BV O o s Ri<aF CoAaond It oaul allct The iebiite: B0 Tha7 ¥ Aot b6 Salatis v oF Dalees I Oser techaer Contes.





