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Cancer secondary to dermatomyositis (DM) is defined as paraneoplastic dermatomyositis, which is one of the major subtypes of DM. However, cases of DM with intrahepatic cholangiocarcinoma (ICC) are rarely reported. In the course of our clinical work, we encountered a case of a middle-aged female patient who was diagnosed with DM for 7 years and then diagnosed with ICC, and we would like to share this case. In addition, in order to further investigate the deeper mechanism of ICC associated with DM, we also analyzed the dataset related to DM and ICC in the Gene Expression Omnibus (GEO) database based on the machine learning methods and found that poly(ADP-ribose) polymerase family member 12 (PARP12) and metallothionein 1M (MT1M) were closely associated with ICC secondary to DM. They are potentially important biomarkers for predicting the occurrence of ICC in patients with DM.




Keywords: dermatomyositis, intrahepatic cholangiocarcinoma, paraneoplastic dermatomyositis, PARP12, MT1M



Graphical Abstract | 






1 Research background

Intrahepatic cholangiocarcinoma (ICC) is one of the major pathological types of primary hepatic carcinoma, accounting for approximately 15%–20% of all primary hepatic carcinoma and occurring in the epithelial cells in secondary bile ducts and higher (1). The main features of the disease are high heterogeneity, high invasiveness, and very poor prognosis. According to tumor epidemiological findings, the incidence of ICC has continued to increase in recent years and will remain at a certain increase for a longer period in the future (2). The risk factors of ICC include chronic hepatitis, cirrhosis, biliary inflammatory diseases, sclerosing cholangitis, and intrahepatic bile duct stones. Up to now, surgical treatment is still the preferred treatment modality for ICC. In recent decades, with the continuous refinement of tumors and the development and iteration of medical technology, the treatment of ICC has been refined and diversified. Therapies such as adjuvant chemotherapy, targeted therapy, and immunotherapy have been applied to patients with advanced and metastatic ICC (3–5). However, the treatment of ICC remains very tricky so far, which is related to the anatomical structure and the characteristics of the disease. Some studies show that for patients with resectable cholangiocarcinoma, the 5-year survival rate is approximately 10%–40%, while in unresectable cholangiocarcinoma, the patient’s 3-year annual survival rate is less than 2%, and the 5-year survival rate is approximately 0% (5). The mortality rate of intrahepatic cholangiocarcinoma is on the rise compared to extrahepatic cholangiocarcinoma from 1995 to 2016, which seems to be in contradiction with the development of the level of treatment. This may be related to improvements in disease diagnostic techniques, but further proof is needed (6).

Dermatomyositis (DM) is a main subtype of idiopathic inflammatory myopathy (IIM), which is characterized by multi-system involvement of the skin and muscles, which is more common in women and can develop in both adults and children (7). Studies have shown that the risk of malignancy in DM patients is significantly higher than in the healthy population, with one study mentioning that it is approximately 4.66 times higher than in the normal population (8). The risk of malignancy is highest within 12 months after diagnosis of DM (standardized incidence ratio equaled 17), with the strongest correlation with malignancy in anti-tif1-γ-positive patients, whose cancer risk was shown to be 9.37 times higher than in the normal population (9). As of now, studies have shown that 15%–30% of DM patients suffer from related malignancies (10), and the relatively clear relationship between cancer and DM in current studies includes breast cancer, hematologic malignancies, colorectal cancer, lung cancer, ovarian cancer, prostate cancer, and nasopharyngeal cancer (11–13). Cancer has become one of the important causes of death in patients with DM (14). Up to now, there are few reports of ICC associated with DM.




2 Case presentation

Here, we will share a case of ICC associated with DM that we encountered in our clinical work. The patient was a 55-year-old woman who presented to the clinic with “right upper abdominal distension for 2 weeks”. Physical examination revealed no jaundice, flat abdomen, no gastrointestinal type, no peristaltic waves, and no abdominal wall varices. The bowel sounds were three times every minute. The whole abdomen is soft, with no pressure pain and rebound pain, no muscle tension, and no palpable abdominal mass. Her Murphy’s sign was negative. Past medical history indicated that the patient had a previous history of dermatomyositis for 7 years, and the rest was not specific.




3 Ancillary examinations


3.1 Computed tomography

The abdominal computed tomography (CT) axial scan and enhancement suggested hypodense foci in the right posterior lobe of the liver and multiple cysts in the liver (Figures 1A–D). Combined with the different periods of CT, it was seen that the occupancy of the right lobe of the liver was obvious, but since the CT presentation of this occupying lesion was not typical, we could not conclude the nature of the occupancy of the patient’s liver simply by CT examination.




Figure 1 | Patient’s preoperative abdominal CT axial scan and enhancement. (A) Plain phase. (B) Arterial phase. (C) Venous phase. (D) Delayed phase.






3.2 MRI scan

Magnetic resonance imaging (MRI) of the abdomen suggests that abnormal signal foci were seen in the right lobe of the liver with a low signal in T1-weighted imaging (T1WI) (Figure 2A), high signal in T2-weighted imaging (T2WI) fat suppression (Figure 2B), and high signal in diffusion-weighted imaging T2WI sequence (T2WI and DWI) (Figures 2C, D), with edge and separation enhancement after enhancement. Multiple round-like foci of long T1 and long T2 signals were seen in the liver, with a diameter of approximately 0.5 cm, and no significant enhancement was seen after the enhancement scan. The diagnosis was abnormal signal foci in the right lobe of the liver, considering the possibility of an abscess and multiple intrahepatic cysts.




Figure 2 | Abdominal MRI scan. (A) MRI coronal T2WI sequence. (B) T1WI sequence shows a low signal. (C) T2WI sequence shows a high signal. (D) DWI sequence shows a high signal. The red arrow points to the cancer foci. T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging.|.






3.3 Tumor marker assay

Carbohydrate antigen 199 (CA19-9) was 1,000.00 U/ml. Carbohydrate antigen (CEA) assay was 7.02 ng/ml. Carbohydrate antigen 125 (CA12-5) was 183.20 U/ml. Alpha-fetoprotein (AFP) was normal.





4 Preliminary diagnosis and treatment

Combined with the patient’s medical history, imaging presentation, and tumor marker levels, the patient was diagnosed with liver-occupying lesions and dermatomyositis. After evaluation, the patient was eligible for surgical resection, and the patient was subsequently treated surgically. The surgical procedure was as follows.

Tracheal intubation was performed after general anesthesia was administered to the patient. The skin, muscle, and peritoneum were incised layer by layer along the right subcostal margin, and the incision was approximately 20 cm long. Exploration of the abdominal cavity did not show any foci of the abdominal cavity, omentum, or abdominal wall displacement. The liver was normal in morphology and soft in texture and showed no sclerosis. The adhesions around the gallbladder were lax, and after the separation of the adhesions, a space-occupying lesion was seen in the right hepatic lobe, which was cystic and soft when it protruded toward the diaphragmatic plane. The lesion protruding to the visceral surface showed solid changes and protruded from the liver surface, partly located behind the gallbladder; the rest of the liver showed no abnormality. Considering that part of the tumor is located behind the gallbladder, the gallbladder cannot be preserved, so we performed “partial hepatectomy and cholecystectomy” on the patient: the right half of the liver was fully freed, the gallbladder triangle was anatomized, and the gallbladder was regularly resected. The hepatoduodenal ligament was dissected; the right and left hepatic ducts, the right and left hepatic arteries, and the right and left branches of the portal vein were isolated; the right branch of the portal vein and the right hepatic artery were blocked. The tumor was completely resected with an ultrasonic knife 2 cm from the edge of the tumor, and the bile ducts and blood vessels encountered in the cross-section were exactly ligated or sutured and blocked for approximately 20 minutes. The patient bled approximately 300 ml during the operation.




5 Pathology and immunohistochemical results


5.1 Intraoperative frozen specimen paraffin section report

First evaluation: (liver) pathological examination of the sample sampling suggested that no cancerous tissue was seen. Second delivery: moderately differentiated adenocarcinoma of intrahepatic bile duct with vascular and nerve invasion was seen (Figure 3A).




Figure 3 | Results of surgically resected pathological tissue sent for examination. (A) Intraoperative frozen pathological sections. (B) Surgical resection of the whole specimen; the volume of cancer foci was approximately 6 cm × 5 cm × 4 cm. (C) Postoperative pathological specimens examined.






5.2 Postoperative pathological specimen sent for examination report

A liver cyst combined with moderately differentiated adenocarcinoma of the intrahepatic bile duct was seen, and the cancer tissue invaded the liver envelope (Figures 3B, C).

Immunohistochemical results were as follows: CKpan (+), CK7 (+), CK20 (−), CDX-2 (−), Ki67 (index 80%), Vimentin (−), TTF-1 (−), Tg (−), CA125 (+), Pax-8 (−), CA199 (+), GATA-3 (−), Villin (+) CR (+), MC (−), D2-40 (−), and CEA (+).





6 Final diagnosis and recovery of the patient’s condition

Combined with the pathological diagnosis and immunohistochemical results, the patient was finally diagnosed with ICC intermediate differentiated adenocarcinoma. The patient made a good overall recovery after surgery and expressed satisfaction with the surgical treatment. After surgery, she was transferred to the Department of Medical Oncology to continue chemotherapy and DM-related treatment. Up to our last follow-up visit, the patient showed no signs of cancer recurrence.

Based on this case report, the deep-seated association between the two diseases was of deep interest to us, so we further explored the relationship between the two diseases at the genetic level. We searched the Gene Expression Omnibus (GEO) database and found DM datasets GSE46239/GSE1551 and the ICC dataset GSE32225. Then, based on machine learning methods, we explored the three datasets to identify the causes of ICC associated with DM.




7 Results


7.1 Differential expression analysis

Based on the DM and ICC dataset, the differentially expressed genes in the two diseases were screened with the screening condition of |LogFC| ≥ 1, p < 0.05. The results showed that there were 635 differentially expressed genes in ICC and 80 differentially expressed genes in DM, and the heat map (Figures 4A, B) and volcano map (Figures 4C, D) of the differentially expressed genes in the two diseases were plotted.




Figure 4 | (A) Heat map of differentially expressed genes in ICC. (B) Heat map of differential gene expression in DM. (C) Volcano map of differentially expressed genes in ICC. (D) Volcano map of differentially expressed genes in DM. (E) Circle diagram of GO/KEGG enrichment analysis of differentially expressed genes in DM. (F) Circle diagram of GO/KEGG enrichment analysis of differentially expressed genes in ICC. (G) Network diagram of enrichment analysis of differentially expressed genes in DM. (H) Network diagram of enrichment analysis of differentially expressed genes in ICC. (I–N) Random forest tree-based screening for signature genes. (I) Intersection Wayne plot of differentially expressed genes. (G, K) Random forest tree. (G) DM. (K) ICC. Green: error of cross-validation in the normal group. Red: error of cross-validation in the disease group. Black: error of cross-validation in the overall sample. (L, M) Circle plot of gene importance scores based on random forest model. (L) DM. (M) ICC. (N) Venn diagram of the intersection of genes with top three importance scores in DM and ICC. (O–V) Expression and diagnostic efficacy analysis of characteristic genes. (O, P) Expression analysis of PARP12 and MT1M in DM. (Q, I) Expression analysis of PARP12 and MT1M in ICC. (S, T) Expression level validation of PARP12 and MT1M in ICC. (U, V) Diagnostic efficacy analysis of PARP12 and MT1M in ICC. Con, normal; Treat, DM or ICC. (W, X) Nomogram risk model construction. (W) Columnar graph model. (X) Calibration curve. Con, normal; Treat, ICC. ICC, intrahepatic cholangiocarcinoma; DM, dermatomyositis; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.






7.2 GO/KEGG enrichment analysis

We then performed functional and pathway enrichment analyses of the differentially expressed genes in two diseases. The results showed that the differentially expressed genes in DM were mainly enriched in response to the virus, defense response to the virus, and defense response to symbiont at the biological process (BP) level. The molecular function (MF) level is mainly enriched in double-stranded RNA binding, chemokine receptor binding, and chemokine activity and mainly enriched in coronavirus disease–COVID-19, influenza A, hepatitis C, and other pathways (Figures 4E, G). ICC differential genes at the BP level are mainly enriched in response to a toxic substance, detoxification, and cellular oxidant detoxification. At the level of cellular component (CC), they are mainly enriched in the collagen-containing extracellular matrix, nuclear periphery, etc. At the level of MF, they are mainly enriched in antioxidant activity, oxygen binding, etc. The pathways are mainly enriched in extracellular matrix (ECM)–receptor interaction, retinoid metabolism, etc. (Figures 4F, H).




7.3 Screening of signature genes based on random forest trees

Then, we took the intersection of the differentially expressed genes in the two diseases, and the results showed that there were five common differentially expressed genes in the two diseases: MT1M, HERC6, SPP1, PARP12, and SLC47A1 (Figure 4I). Next, we ranked the importance of these five intersecting differential genes in the two diseases based on the random forest (RF) tree algorithm; the best NTree was selected based on the minimum cross-validation error in 10 cross-validations. The MTRY and NTree were set to 139 and 500, respectively, in DM, and 19 and 500, respectively, in ICC (Figures 4J–M). The top three genes in the importance ranking were further screened for cross-validation, resulting in the final two differentially expressed genes, namely, poly(ADP-ribose) polymerase family member 12 (PARP12) and metallothionein 1M (MT1M) (Figure 4N).




7.4 Expression of characteristic genes and analysis of diagnostic efficacy

We then analyzed the expression of PARP12 and MT1M in DM and ICC. The results showed that PARP12 and MT1M were both significantly upregulated in DM (Figures 4O, P). In contrast, PARP12 expression was upregulated in ICC, while MT1M expression levels were downregulated in ICC (Figures 4Q, R). The same results were obtained using the cholangiocarcinoma data from The Cancer Genome Atlas (TCGA) database for validation (Figures 4S, T). We also analyzed the diagnostic efficacy of PARP12 and MT1M for ICC, and the results showed that their diagnostic receiver operating characteristic–area under the curve (ROC-AUC) was 0.914 and 0.933, respectively, which both showed good diagnostic ability for ICC (Figures 4U, V).




7.5 Nomogram risk model construction

Then, we constructed a risk prediction model for ICC based on the expression levels of PARP12 and MT1M in ICC (Figure 4W). From the nomogram risk model, it was seen that the decreased expression level of MT1M was a risk factor for ICC, and the upregulated expression of PARP12 was also a risk factor for ICC. We then evaluated the predictive efficacy of this risk model using a calibration curve (Figure 4X), and the results showed a good fit of the calibration curve, suggesting that the risk model has good predictive efficacy.





8 Discussion

The patient presented to the clinic with right upper abdominal distension and discomfort, and after completing abdominal imaging, we considered cancer as a possibility; however, the results of the imaging report do not indicate it clearly. The patient’s tumor markers showed a significant increase in the expression of CA19-9, CEA, and CA12-5. It was suggested that the occupying lesion might be a malignant tumor. During the history-taking process, we learned that the patient had been diagnosed with DM for 7 years and was taking regular medication. The patient was finally diagnosed with intrahepatic cholangiocarcinoma, a moderately differentiated adenocarcinoma, in combination with the intraoperative pathological specimen frozen for examination, postoperative pathological examination report, and immunohistochemical results.

Paraneoplastic dermatomyositis is more common in clinical practice and is one of the important subtypes of DM, some of the cancer types associated with DM have been studied in depth, and some relevant antibodies have been proposed to be associated with the development of the paraneoplastic syndrome. However, cases of DM with ICC have been very rare so far, and only three cases were found through a literature search. In a case reported by Knowles BP et al. in 2006, a 38-year-old Ethiopian man presented with DM, and ultrasound and CT scan of the patient’s abdomen showed a heterogeneously enhancing 4-cm hypodense mass adjacent to the gallbladder in segment 4B of the liver, for which a hepatic wedge resection + cholecystectomy + hilar lymph node dissection was performed. The pathological histological analysis finally proved that the tumor was a hypofractionated intrahepatic cholangiocarcinoma with hilar lymph node metastasis (15). In 2016, Koung Jin Suh et al. reported on a patient with DM with paraneoplastic dermatomyositis diagnosed via [18F]-fluorodeoxyglucose (FDG) positron emission tomography–computed tomography (PET-CT) scan. Because cancer cells are generally more metabolically active than normal tissues, they require more energy and therefore absorb and retain more energy than non-cancerous cells. Cancer cells take up and retain more glucose. This case presents a patient with DM showing intense proximal muscle diffuse FDG uptake on whole-body PET-CT scans before the development of any muscle symptoms (16). A recently reported case of DM with ICC was identified clinically by Jungo Yasuda et al. in 2018 in a 44-year-old woman suspected of having the paraneoplastic syndrome, who was found to have ICC at the same time during the exacerbation of DM, and the authors concluded that the patient’s paraneoplastic syndrome contributed to the deterioration of DM. The patient was treated surgically and with postoperative chemotherapy after the diagnosis of ICC. The patient was discharged 23 days after surgery, and at the time of discharge, the patient was assessed to have reduced DM, and the treatment was effective (17).

The pathogenesis of DM with malignancy has not been investigated so far, and there are still very few studies in this area. Some of the available studies have hypothesized that the occurrence of the paraneoplastic syndrome may be related to autoimmune disorders, TIF1 gene mutations and heterozygous deletions, reduced immune surveillance, drugs, infections, vitamin D deficiency, and ultraviolet radiation (18–20). Compared with those of breast cancer, colorectal cancer, and lung cancer, the cases of ICC associated with DM have been reported more rarely so far, but the cases of ICC associated with DM inevitably occur in clinical practice. Hence, more studies on ICC associated with DM are needed to provide clinical supporting evidence for its diagnosis and management.

PARP12 is a member of the poly-ADP-ribosyl polymerase (PARP) family (21), which uses NAD+ as a substrate to modify target proteins by attaching ADP-ribose, and is associated with cellular stress responses related to DNA repair. PARPase inhibitors are in clinical trials as tumor therapy and are defined as an interferon-stimulated gene (22, 23). It has been mentioned that PARP12 deficiency increases the migration and invasion of hepatocellular carcinoma (HCC) cells by regulating the epithelial–mesenchymal transition process (24), while PARP12 also seems to have an important potential role in cellular defense against viral infection [24].

MT1M, a member of the metallothioneins, has a high content of cysteine residues that bind various heavy metals. These genes are transcriptionally regulated by both heavy metals and glucocorticoids. MT1M is also highly involved in cancer; for example, in esophageal squamous cell carcinoma (ESCC), MT1M expression levels were found to be downregulated, and MT1M was found to inhibit esophageal carcinoma cell carcinogenesis through the inhibition of epithelial–mesenchymal transition and SOD1/PI3K axis (25). In lung adenocarcinoma, MT1M overexpression was also found to inhibit A549 cell viability and migration ability in vitro, reduce MT1M expression, and promote tumor cell proliferation and migration (26). In another study, it was also mentioned that MT1M expression was often downregulated in HCC, which may be associated with methylation of the promoter region and upregulation of miR-545-3p, leading to downregulation of MT1M, which in turn regulates the proliferation, invasion, and migration of hepatocellular carcinoma cells (27, 28).

Next, based on machine learning, we found that PARP12 was significantly upregulated in both DM and ICC, and PARP12 was also found to be a risk factor for ICC in the nomogram risk model, thus inferring that PARP12 may play a role in promoting the development of ICC in DM, while MT1M was upregulated in DM and significantly downregulated in ICC. It is suggested that MT1M expression is a risk factor for ICC, suggesting that we can largely predict the occurrence of ICC by measuring the expression level of MT1M in DM patients, which has a predictive effect on the development of ICC in DM patients. Both of them are potential predictive targets for ICC in DM.




9 Conclusion

PARP12 and MT1M are important predictive targets for ICC associated with DM.
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