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Abstract

Objective—Since dermatomyositis (DM) is associated with an increased risk of malignancy,

accurate identification of patients likely to harbor cancers is important. Using

immunoprecipitations from radiolabeled cell lysates, several groups recently showed that anti–

transcription intermediary factor 1γ (anti–TIF-1γ) antibodies are associated with malignancy in

DM. We undertook this study to develop sensitive, specific assays to detect antibodies against

TIF-1γ and nuclear matrix protein NXP-2 and to evaluate their association with malignancy in

DM.

Methods—To detect anti–TIF-1γ antibodies, immunoprecipitations were performed using lysates

made from HeLa cells overexpressing TIF-1γ, with detection by immunoblotting. Anti–NXP-2

antibodies were assayed by immunoprecipitation using 35S-methionine–labeled NXP-2 generated

by in vitro transcription/translation. We analyzed patient sera from DM cohorts seen at the

Stanford University Dermatology Clinic (n = 111) and the Johns Hopkins Myositis Center (n =

102).

Results—A total of 17% and 38% of patients had antibodies against NXP-2 and TIF-1γ,

respectively. Reactivity against either NXP-2 or TIF-1γ identified 83% of patients with cancer-

associated DM. In addition to older age and male sex, cancer was associated with antibodies to

NXP-2 or TIF-1γ on multivariate analysis (odds ratio 3.78 [95% confidence interval 1.33–10.8]).
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Stratification by sex revealed that anti–NXP-2 was specifically associated with cancer in males

(odds ratio 5.78 [95% confidence interval 1.35–24.7]).

Conclusion—These studies demonstrate that anti–NXP-2 and anti–TIF-1γ antibodies are

frequent DM specificities (found in 55% of patients) and are present in most patients with cancer-

associated DM.

Dermatomyositis (DM) is a systemic disease characterized by chronic inflammation in the

skin and muscle. There is significant clinical heterogeneity with respect to lung or muscle

inflammation, patterns of cutaneous inflammation, association with internal malignancy, and

response to therapy. Many patients with DM have circulating autoantibodies, which are

often associated with distinct clinical phenotypes (1,2). Interestingly, autoantibodies in DM

tend to be mutually exclusive, suggesting that specific immune responses might play a role

in shaping different phenotypes. It is well established that a subset of DM patients (10–20%)

is at increased risk of internal malignancy around the time of DM diagnosis (3).

Identification of patients at high risk of cancer remains a high priority for physicians treating

these patients.

Recent studies have identified 3 new autoantibody specificities in DM: melanoma

differentiation–associated protein 5 (MDA-5), transcription intermediary factor 1γ (TIF-1γ),

and nuclear matrix protein NXP-2 (also known as MORC3) (4–9). These antigens all

migrate similarly on sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-

PAGE) gels (145–155 kd).

Anti–MDA-5 antibodies are found in ~10–20% of DM patients (7,10–12) (and in up to 65%

of patients with clinically amyopathic disease [6,10,13,14]) and are associated with

interstitial lung disease (often rapidly progressive, especially in Asians), mild or absent

muscle disease, cutaneous ulceration, palmar papules, arthritis/arthralgia, and alopecia

(6,11,15). Anti–TIF-1γ antibodies are frequently found in cancer-associated DM (4,13,16–

18), including in 2 studies with largely Caucasians (19,20). For adult DM patients with

antibodies to TIF-1γ, the percentage of patients harboring a malignancy ranges from 42% to

100%, depending on the study (4,13,16–18). In juvenile DM patients, antibodies to TIF-1γ

are not associated with malignancy, but rather, with skin ulceration and more extensive

cutaneous disease (21). NXP-2 has also been identified as an autoantibody target in a subset

(1.6–30%) of adult DM patients (22–25). Originally identified as MJ in the juvenile DM

population, this antigen appeared to be targeted by antibodies in patients with a higher risk

of cutaneous calcinosis cutis (5,26). In adult DM patients, antibodies to NXP-2 are not

associated with any obvious phenotype other than a trend toward increased risk of calcinosis

cutis in 1 study (23). One study of adult Japanese DM patients suggested an association with

malignancy (3 of 7 anti–NXP-2–positive patients had a primary malignancy); however, this

association was difficult to verify given the small numbers of anti–NXP-2–positive patients

(24).

There are several major drawbacks of previous studies looking at antibody associations with

cancer in DM. The assays used to detect these antibodies lack sensitivity and specificity,

given that NXP-2, TIF-1γ proteins, and MDA-5 migrate similarly on gel electrophoresis and

may not be optimally expressed using standard cell lines and culture conditions.
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Additionally, many of the cohorts or antibody-positive patients have been relatively small in

number. In this study, we provide definitive evidence that antibodies to NXP-2 and TIF-1γ

identify the vast majority of the patients with cancer-associated DM in 2 separate, well-

defined DM cohorts.

PATIENTS AND METHODS

Patients

All patients were seen in the outpatient clinics of either the Stanford University Department

of Dermatology or Johns Hopkins Myositis Center between January 2003 and March 2012.

Both the Stanford University and Johns Hopkins University Institutional Review Boards

approved the collection of plasma/serum from the DM patients for use in this analysis. The

population from which material was collected represented ~90% of the total number of DM

patients seen during this time period. Patients were included only if they were over the age

of 18 years and had a diagnosis of probable or definite DM based on the criteria of Bohan

and Peter (27) or, for patients with clinically amyopathic disease, based on the characteristic

skin findings suggested by Sontheimer (28). All patients with clinically amyopathic DM had

skin biopsy findings consistent with DM.

Clinical data were collected as part of routine medical care. Age-appropriate cancer

screening and/or computed tomography of the chest, abdomen, and pelvis was performed in

all patients at least once, either at clinic presentation or during followup. All malignancies

were identified with confirmation by tissue diagnosis. Patients were considered to have

cancer-associated DM if they had a diagnosis (or specific signs) of a malignancy (excluding

nonmelanoma skin cancer) 3 years before or after the onset of the first DM symptom (29).

Patients with clinically amyopathic DM were defined as patients with the characteristic rash

of DM for at least 6 months without clinical weakness attributable to inflammatory

myopathy and without elevation of muscle enzymes >20% above the upper limit of normal

at any time (30).

Immunoprecipitation using 35S-methionine–labeled in vitro transcription/translation (IVTT)
proteins

Complementary DNAs (cDNAs) encoding full-length NXP-2 and MDA-5 were purchased

from OriGene, and their sequence was verified before use. 35S-methionine–labeled proteins

were generated from these cDNAs by IVTT reactions, in accordance with the protocol of the

manufacturer (Promega). Immunoprecipitations using these products were performed as

described previously (11), and the immunoprecipitates were electrophoresed on 10% SDS-

PAGE gels and visualized by fluorography.

Immunoprecipitation/blot assay to detect anti–TIF-1γ antibodies

Complementary DNA encoding full-length FLAG-tagged TIF-1γ (OriGene) was sequence-

verified before use, then transiently transfected into HeLa cells using Lipofectamine 2000

(Invitrogen), in accordance with the manufacturer’s protocol. After 24 hours, the cells were

lysed with buffer A (1% Nonidet P40 [NP40], 20 mM Tris [pH 7.4], 150 mM NaCl, 1 mM

EDTA, and a protease inhibitor cocktail). Robust TIF-1γ expression was confirmed for each
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lysate batch by immunoblotting gel samples made from equal protein amounts of transfected

and nontransfected lysates. The immunoblots were performed with monoclonal antibodies

against the FLAG tag (Agilent Technologies) or against TIF-1γ (Novus Biologicals). Levels

of TIF-1γ in the transiently transfected lysates were reproducibly ~35–60-fold above those

in their nontransfected counterparts.

For use in immunoprecipitations, TIF-1γ –transfected lysates were precleared by incubation

with immobilized protein A–agarose (Thermo Scientific) for 20 minutes at 4°C.

Immunoprecipitations were then performed as follows. Fifteen-microgram amounts of lysate

(~15 μl) were brought to 1 ml by adding buffer A. One microliter of patient serum was

added to each, and the tubes were rotated for 1 hour at 4°C. Twenty-five microliters of

immobilized protein A–agarose was subsequently added to each tube (20 minutes at 4°C),

after which the immunoprecipitates were washed and electrophoresed on 10% SDS-PAGE

gels. The gels were transferred to nitrocellulose membrane and immunoblotted with anti–

TIF-1γ monoclonal antibody to detect the immunoprecipitates.

Immunoprecipitations from radiolabeled HeLa cell extracts

HeLa cells were radiolabeled for 2 hours with 35S-methionine/cysteine. In some

experiments, the cells were treated with 1,000 units/ml interferon-α (IFNα; Sigma) for 22

hours before starting the labeling; in these cases, IFNα was also added to the radiolabeling

incubations. The cells were lysed in radioimmunoprecipitation assay buffer (50 mM Tris

[pH 7.4], 150 mM NaCl, 5 mM EDTA, 0.5% NP40, 0.5% deoxycholate, 0.1% SDS) and

precleared as above. Immunoprecipitations were performed by adding 1 μl of patient serum

to the lysate (1 hour at 4°C), followed by protein A–agarose (20 minutes at 4°C), extensive

washing, electrophoresis on 10% SDS-PAGE gels, and visualization of radiolabeled

immunoprecipitates by fluorography.

Assays for other autoantibodies

Anti–Jo-1 and anti–Ro 52 antibodies were assayed by enzyme-linked immunosorbent assay

(Inova Diagnostics). Anti–Mi-2 and anti–SUMO-activating enzyme (anti-SAE1/2)

antibodies were determined by immunoprecipitation using 35S-methionine–labeled proteins

generated by IVTT from the appropriate cDNAs.

Statistical analysis

Patient characteristics between the Stanford University and Johns Hopkins University

cohorts and among the anti–NXP-2–positive, anti–TIF-1γ–positive, and anti–NXP-2–

negative/anti–TIF-1γ–negative groups were compared using chi-square tests for categorical

variables and Student’s t-test or analysis of variance for continuous variables. Univariate and

multivariate logistic regression models were used to assess the odds of cancer associated

with anti–NXP-2 and/or anti–TIF-1γ positivity, with the multivariate model correcting for

variables that showed a trend toward association with cancer in univariate analysis (P <

0.15). We repeated the analyses stratified by sex and age >60 years. Sensitivity analyses

were also performed to assess the odds of cancer associated with anti–NXP-2 positivity

alone or anti–TIF-1γ positivity alone compared with patients negative for both antibodies,
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when excluding patients who were positive for the alternative autoantibody. Odds ratios

(ORs) are provided with 95% confidence intervals (95% CIs).

RESULTS

Patient populations

The two DM patient cohorts consisted of 111 patients from Stanford University and 102

patients from Johns Hopkins University (Table 1). Both cohorts were similar in terms of sex

breakdown and age at diagnosis. There were significantly more Asian patients in the

Stanford University cohort and more African American patients in the Johns Hopkins

University cohort. The prevalence of clinically amyopathic DM was 20.7% (23 of 111

patients) in the Stanford University cohort and 14.7% (15 of 102 patients) in the Johns

Hopkins University cohort. In all, 71% had a followup time of at least 3 years following the

date of diagnosis, with a median duration of followup of 4.1 years.

Novel, sensitive, and specific methods to assay for antibodies against TIF-1γ and NXP-2

To date, the most commonly used assays to detect anti–TIF-1γ, anti–NXP-2, and anti–

MDA-5 antibodies have entailed immunoprecipitation from radiolabeled cell lysates.

Detecting and accurately distinguishing these different autoantigens in the resulting

immunoprecipitates is challenging because the proteins have similar sizes, and some of these

antigens are expressed at low levels. Immunoprecipitation data performed using 3 sera

recognizing each of these specificities are demonstrated in Figure 1A. Anti–TIF-1γ–positive

sera recognized a 155-kd band and anti–NXP-2–positive sera recognized a 140-kd protein (2

sera also recognized an antigen of ~190 kd), while detection of MDA-5 (an IFN-inducible

protein) by this assay was very suboptimal (Figure 1A). Indeed, when patient sera known to

be anti–MDA-5 antibody positive by IVTT immunoprecipitation (represented by no. 9,078

in Figure 1) were used to immunoprecipitate radiolabeled lysates made from HeLa cells

incubated in the absence or presence of IFNα, MDA-5 was only immunoprecipitated from

the IFN-induced cell extracts. This is consistent with the ~20-fold induction of MDA-5

levels in HeLa cells by IFN treatment, as quantitated by immunoblotting (not shown).

We next established and carefully optimized and validated assays that specifically detect the

3 similarly sized autoantigens. To detect anti–MDA-5 and anti–NXP-2 antibodies,

immunoprecipitations were performed using 35S-methionine–labeled proteins generated by

IVTT from the appropriate sequence-verified cDNAs. The products were confirmed by

immunoprecipitation using a rabbit polyclonal anti–MDA-5 antibody (American Research

Products) and a mouse monoclonal anti–NXP-2 antibody (Novus Biologicals). Neither of

these IVTT products was immunoprecipitated using normal control sera (0 of 20 for NXP-2,

0 of 32 for MDA-5).

Since IVTT of TIF-1γ was inconsistent, we established the following assay that does not use

IVTT product to detect this specificity. Anti–TIF-1γ antibodies were determined by

immunoprecipitation using lysates made from HeLa cells transiently transfected with

FLAG-tagged TIF-1γ, followed by detection with immunoblotting using an anti–TIF-1γ

monoclonal antibody. Identical data were obtained using an anti-FLAG antibody to detect
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the immunoprecipitates. TIF-1γ was transiently expressed at levels 35–60-fold above those

in nontransfected cells, making this a robust source of antigen for these assays. Using this

immunoprecipitation/blot method, anti–TIF-1γ antibodies were detected in sera from 0 of 18

pancreatic cancer patients, 0 of 18 patients with anti–3-hydroxy-3-methylglutaryl-coenzyme

A reductase antibody–associated auto-immune necrotizing myopathy, 0 of 36 patients with

lupus and cancer, and 0 of 18 normal controls. The utility of these 3 assays is illustrated in

Figure 1C, in which a serum with each of these specificities and a normal control is tested

with each assay type. The data show that the antibodies are readily distinguishable, in

contrast to data obtained from the same sera using immunoprecipitation from 35S-

methionine–labeled cell lysates (Figure 1A). These assays were then used to test all sera

from the 2 cohorts.

Of note, anti–MDA-5 antibody results from these cohorts have recently been described

(11,15). As anti–MDA-5 antibodies have not been found to be associated with cancer and

DM in our cohorts, data with the anti–NXP-2 and anti–TIF-1γ antibody specificities will be

the exclusive focus for the remainder of this study.

Antibodies and cancer

Antibodies to NXP-2 were seen in 13.5% and 21.6% of patients in the Stanford University

and Johns Hopkins University cohorts, respectively (17.4% overall) (Table 2). Antibodies to

TIF-1γ were seen in 37.8% and 39.2% of patients in the Stanford University and Johns

Hopkins University cohorts, respectively (38.4% overall). Two patients, neither with cancer,

had antibodies to both NXP-2 and TIF-1γ. The frequencies of antibodies to either NXP-2 or

TIF-1γ did not differ significantly between the 2 cohorts.

Cancer-associated DM was present in 29 of 213 patients (13.6%). Cancers included breast,

colorectal, renal cell carcinoma, thyroid (papillary) carcinoma, lymphoma, myelodysplastic

syndrome, chronic lymphocytic leukemia, endometrial, lung, nasopharyngeal carcinoma,

neuroendocrine, ovarian, prostate, thymic carcinoma, carcinoma (undifferentiated),

urothelial, and Waldenström’s macroglobulinemia. A detailed list of the cancer types and

associated autoantibodies is available from the corresponding author. Of these 29 cancer

patients, 9 had anti–NXP-2 antibodies and 15 had anti–TIF-1γ antibodies (Table 2). Of the

remaining 5 patients with cancer, 1 had antibodies to MDA-5, and the other 4 patients tested

negative for all myositis-specific autoantibodies assayed (including anti–NXP-2, anti–

TIF-1γ, anti–MDA-5, anti-SAE1/2, anti–Jo-1, anti–Mi-2, and anti–Ro 52). Thus, 24 of 29

patients with cancer-associated DM (83%) had antibodies to either NXP-2 (31%) or TIF-1γ

(52%). Interestingly, the frequency of cancer in DM patients with antibodies to TIF-1γ (15

of 82 [18%]) or NXP-2 (9 of 37 [24%]) was increased compared to the frequency of cancer

in DM patients without these antibodies (5 of 96 [5%]), and the absence of antibodies to

either NXP-2 or TIF-1γ was strongly protective against cancer (P < 0.005 for the entire

cohort) (Table 2).

Stratifying cancer risk with antibodies and age

We next examined the relationship between demographic features, autoantibodies, and

cancer. On univariate analysis, we found that male sex, older age, and the presence of
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antibodies to NXP-2 were significantly associated with the presence of cancer (Table 3),

while race and having clinically amyopathic DM were not associated with cancer (data not

shown). Patients with antibodies to NXP-2 had an increased risk of cancer (OR 2.5 [95% CI

1.0–6.1], P = 0.04). Of note, while reactivity to TIF-1γ had an OR of cancer of 1.9, this was

not statistically significant. We realized that any association between anti–TIF-1γ antibodies

and cancer was potentially being masked by inclusion of the anti–NXP-2–positive patients

(who have a higher risk of cancer) in the anti–TIF-1γ–negative comparator group. When the

anti–NXP-2–positive patients were excluded in the univariate analysis, antibodies to TIF-1γ

were significantly associated with cancer (OR 4.2 [95% CI 1.5–12.1], P = 0.008). We also

performed a test dividing the entire population into 2 groups (those with and those without

anti–TIF-1γ or anti–NXP-2 antibodies), and we found that the antibody-positive group was

highly associated with cancer (OR 4.7 [95% CI 1.7–12.8], P = 0.003) (Table 3).

We next analyzed the relationship between age, anti–TIF-1γ/anti–NXP-2 status, and cancer.

We considered 3 antibody groups–anti–NXP-2, anti–TIF-1γ, and neither antibody. The age

range of 40–50 years contained the highest number of patients across the 3 groups (Figure

2A). Antibodies to TIF-1γ and NXP-2 were found across the age spectrum, and the mean

age did not differ significantly between antibody groups. However, a higher proportion of

patients with these antibodies were over the age of 60 years as compared to the antibody-

negative group (35% of patients with either antibody were >60 years old, compared to 19%

for the antibody-negative group; P = 0.01). Cancer prevalence increased with age, with an

inflection point evident at ~60 years of age, regardless of antibody status (Figure 2B).

Since age is the strongest predictor of malignancy, we tested the hypothesis that the

association of antibodies with cancer was indirect and a result of their enrichment in older

populations. We performed multivariate analysis and found that, when adjusted for age and

sex, having antibodies to either TIF-1γ or NXP-2 was still significantly associated with an

increased risk of cancer (OR 3.8 [95% CI 1.3–10.8], P = 0.01) (Table 4). When each

antibody was considered separately in this multivariate analysis, anti–NXP-2 antibodies

showed a trend toward association with cancer, while antibodies to TIF-1γ were not

significantly associated with cancer (Table 4). Although the numbers of patients in the older

age groups were small, the frequency of cancer in patients over the age of 60 years was 55%

for anti–NXP-2–positive patients, 31% for anti–TIF-1γ–positive patients, and 17% for

patients without these antibodies. For patients younger than 60 years, the frequency of

cancer was 12% for anti–NXP-2–positive patients, 11% for anti–TIF-1γ–positive patients,

and 3% for patients without these antibodies.

We also evaluated the interaction between sex, antibody positivity, and cancer. Cancer

patients in the anti–NXP-2–positive group were mostly male (78%), despite the fact that,

overall, anti–NXP-2–positive patients had a sex breakdown similar to that in the rest of the

cohort (35% male versus 27% male, respectively; P = 0.32). Conversely, there was no

significant difference in sex distribution between cancer-positive patients (33% male) and

cancer-negative patients (24% male) among those with antibodies to TIF-1γ. We tested this

formally by multivariate analysis stratifying by sex, and we confirmed that antibodies to

NXP-2 were associated with an increased risk of cancer only in males (OR 5.8 [95% CI 1.4–

24.7], P = 0.02) (Table 4).
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DISCUSSION

Several gaps exist in the understanding of the association of autoantibodies and cancer in

patients with DM, including whether antibodies to NXP-2 are associated with malignancy,

how frequently anti–TIF-1γ antibodies are found in DM with associated cancers, and

whether these 2 antibodies might be of clinical use in DM. Our objectives in this study were

to fill these gaps by using highly specific assays for these antibodies in a large cohort of DM

patients. Maximizing assay specificity was crucial, since at least 4 known autoantigens

(NXP-2, TIF-1γ, MDA-5, and TIF-1α) migrate similarly on gel electrophoresis and cannot

be unambiguously identified using immunoprecipitation assays from crude lysates.

Our study demonstrated that antibodies to TIF-1γ and NXP-2 are very frequent in DM,

occurring in 55% of patients in the combined cohorts (17% for anti–NXP-2 and 38% for

anti–TIF-1γ). The frequency of 38% for anti–TIF-1γ antibodies in DM patients was higher

than that defined in previous studies (of size >50 patients), which ranged from 7% to 24%

(4,13,16,17). This likely reflects differences in the assay, which uses human sera to

immunoprecipitate TIF-1γ from transfected cell lysates expressing TIF-1γ at levels 35–60-

fold higher than those in nontransfected cells. The assay is highly specific, and none of 90

control sera (disease and healthy controls) recognized TIF-1γ in these transfected lysates

(data not shown). For anti–NXP-2 antibodies, we found an overall frequency of 17%, with

some variation between our 2 cohorts (14% in the Stanford University cohort and 22% in the

Johns Hopkins University cohort). The 3 prior studies evaluating anti–NXP-2 in adult DM

patients have noted varying frequencies of 1.6%, 6%, and 30% (22–25).

Interestingly, the anti–TIF-1γ and anti–NXP-2 antibody groups are almost entirely

nonoverlapping, with only 2 patients having antibodies to both proteins. Additionally, for a

subset of these antibody-positive patients who were analyzed, 84% (47 of 56) did not have

antibodies against the other DM-specific or myositis-specific antigens, including Mi-2,

SAE1/2, MDA-5, and transfer RNA synthetases (data not shown for this subset analysis).

Thus, these assays identify a large subset of DM patients most of whom would have been

otherwise “antibody negative.” Interestingly, the proportion of elderly patients with anti–

TIF-1γ or anti–NXP-2 antibodies is higher than that seen in the antibody-negative group,

although this does not appear to account for their association with cancer. The significance

of this differential skewing of age as a function of the different autoantibody groups is

unclear, as the numbers are modest in this age range.

A relatively modest percentage (14%) of patients in our cohort had cancer-associated DM

(Table 2). These patients were defined using relatively standard criteria of a cancer

diagnosis within 3 years of DM diagnosis (29). One limitation of our study is that almost

30% of patients had followup of <3 years (Table 1), and thus, we might not have detected all

of the patients with cancer-associated DM. However, in this group of patients with followup

of <3 years, we found only 18 (8%) at reasonable risk of developing cancer (as defined by

having antibodies to either NXP-2 or TIF-1γ), and those patients had a median followup of

24 months. Thus, we think it is unlikely that we missed a significant number of patients with

cancer-associated DM due to insufficient time for followup.
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Our studies revealed a robust association of antibodies to NXP-2 with cancer, with an

unexpected association with male sex. Although a prior Japanese study identifying 7 patients

with anti–NXP-2 antibodies suggested an association with cancer, it was insufficiently

powered to definitively demonstrate such an association (24). It is interesting to note that the

population in the Japanese study was >50% male, and 6 of 7 of the anti–NXP-2–positive

patients were male, which may have allowed preliminary detection of an association

between anti–NXP-2 and malignancy. A recent evaluation of an Italian DM cohort did not

find an association with cancer (23,31), although the number of anti–NXP-2–positive DM

patients was small (8 compared to 37 in one study). That study likely was not powered to

detect a cancer association, given the low number of anti–NXP-2–positive male patients.

The observation that both age and sex influence association with cancer highlights the

importance of studying larger cohorts of patients to accurately delineate these relationships.

The reason for the striking male association of anti–NXP-2 antibodies with cancer in DM is

unclear. It cannot be simply explained by an association with male-only tumors (e.g.,

prostate), as the cancers included hematologic, thyroid, and colon tumors (further

information is available from the corresponding author). In addition, our study findings

support prior suggestions that males with DM are at a relatively higher risk for cancer (3).

Confirming these findings in additional cohorts will be important.

Although our data support a possible association between anti–TIF-1γ antibodies and

cancer, this association did not reach statistical significance. This is largely because the

prevalence of cancer in our anti–TIF-1γ–positive group was <20%, while in previous

studies, it varied between 50% and 100% (4,13,16–18). Although our assay is highly

specific, it is also sensitive, identifying more anti–TIF-1γ–positive patients than prior assays

(possibly due to the 35–60-fold overexpression of TIF-1γ). It is possible that the assay

identifies lower positive titers that are not associated with cancer. However, we did not find

any association between cancer risk and anti–TIF-1γ antibody titer, with multiple lower-

titer–positive patients in the cancer group (data not shown). It is more likely that the failure

to demonstrate a statistically significant relationship between cancer and anti–TIF-1γ

antibodies reflects a Type II error (e.g., false-negative association).

Based on the frequency of cancer and anti–TIF-1γ antibodies, we estimate that we would

need to study an additional 92 patients to demonstrate this effect with a P value less than

0.05. It is also possible that the differences from previous studies could be explained by a

difference in the frequency of anti–TIF-1γ antibodies in different ethnic groups. Regardless

of this, our data clearly demonstrate that anti–TIF-1γ antibodies are the most prevalent DM-

specific autoantibodies described to date, at least in 2 US cohorts. These tests are thus

sensitive, but not specific, markers of cancer-associated DM. Given this, they are by

themselves of limited clinical utility if positive, although a patient negative for these

antibodies appears to be at lower risk of cancer (Table 2).

When each antibody was analyzed separately in a multivariate analysis adjusting for age and

sex, neither antibody was found to be significantly associated with cancer (Table 4).

However, in this analysis, anti–NXP-2 antibodies showed a clear trend toward an increased

cancer risk (Table 4), and in fact, this was not appreciably different from what was seen in
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univariate analysis (Table 3). Anti–TIF-1γ antibodies failed to show significant association

in the multivariate analysis. In fact, the association with cancer was weakened significantly

in the multivariate analysis, and this was largely accounted for by inclusion of age in the

multivariate model (date not shown). This is consistent with the notion that much of the risk

associated with anti–TIF-1γ antibodies was due to specific enrichment of patients over the

age of 70 years in this antibody group, most of whom had cancer (Figure 2). The

observations that anti–TIF-1γ and anti–NXP-2 antibodies were expressed in a

nonoverlapping way in 98.3% of patients who had these antibodies, that their frequency was

higher in older DM patients, and that together, these antibodies identified 83% of patients

with DM and cancer (while present in 51% of DM patients without cancer) suggested that

they might be grouped together for further analysis. Indeed, when these antibodies were

grouped together (i.e., positivity for either anti–TIF-1γ or anti–NXP-2), we found that this

was associated with a significant increase in cancer risk, even when adjusting for age and

sex (Tables 3 and 4).

The relationship of cancer and age in DM has previously been observed (see ref. 32). Our

studies demonstrate that there is a striking inflection point in the curve of the frequency of

cancer with age ~60 years and that determining the presence or absence of anti–NXP-2 and

anti–TIF-1γ antibodies more precisely identifies the group with the highest cancer

prevalence. In patients younger than 60 years without anti–TIF-1γ or anti–NXP-2

antibodies, the frequency of cancer is very low (2.6%). The cancer frequency is higher

(11%) in patients younger than 60 years with either anti–TIF-1γ or anti–NXP-2 antibodies.

Six of 11 patients over the age of 60 years with anti–NXP-2 antibodies (55%) had cancer.

This frequency was 9 of 29 in patients with anti–TIF-1γ antibodies (31%), and only 3 of 18

in patients without either of these antibodies (17%).

One limitation of our study is that it is subject to referral bias, as it is not population based.

For example, given that the Stanford University cohort is based in a dermatology center, one

might expect a larger percentage of patients with clinically amyopathic disease in that cohort

—although this was true, the percentage of patients with clinically amyopathic disease was

not vastly different between the Stanford University and Johns Hopkins University cohorts

(21% versus 15%). These numbers are consistent with the only population-based study to

examine this issue, which estimated that 21% of DM patients in a midwestern county in the

US had clinically amyopathic disease (33). Despite this, larger, prospective studies in other

populations will be important in the future.
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Figure 1.
New assays to detect antibodies against transcription intermediary factor 1γ (TIF-1γ),

nuclear matrix protein NXP-2, and melanoma differentiation–associated protein 5 (MDA-5).

A, Immunoprecipitations (IP) were performed using 35S-methionine (35S-met)–labeled

HeLa cell lysate with patient sera known to have antibodies against TIF-1γ, NXP-2, or

MDA-5, as indicated (3 sera for each). A control serum and an alanyl–transfer RNA

synthetase (PL-12)–positive reference serum were also included. B, Immunoprecipitations

were performed with an anti–MDA-5 antibody–positive serum using 35S-methionine–

labeled HeLa cell lysate generated from cells incubated in the absence or presence of

interferon (IFN) for 24 hours. C, Three sera from patients with dermatomyositis and 1

control serum were tested for antibodies by immunoprecipitation using 35S-methionine–

labeled MDA-5 or 35S-methionine–labeled NXP-2 (in vitro transcription/translation

immunoprecipitation [IVTT IP]), or by immunoprecipitation from TIF-1γ–transfected

lysates followed by immunoblotting with anti–TIF-1γ monoclonal antibody (IP/Blot). These

assays show that serum 9,078 is anti–MDA-5 positive, serum 9,020 is anti–NXP-2 positive,

and serum 9,006 is anti–TIF-1γ positive.
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Figure 2.
Age and cancer distribution as a function of autoantibody status. A, Total numbers of

patients in each age group for each antibody (Ab) class. Shaded portions of the bars

represent actual numbers of patients with cancer-associated dermatomyositis (DM). B,
Percentage of patients in each age group with cancer-associated DM. See Figure 1 for other

definitions.
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Table 1

Characteristics of the patients in the 2 cohorts studied*

Stanford University (n = 111) Johns Hopkins University (n = 102) Total (n = 213)

Sex

 Female 78 (70) 75 (74) 153 (72)

 Male 33 (30) 27 (27) 60 (28)

Ethnicity

 White (only) 73 (66) 82 (80) 155 (73)

 White (Latino) 11 (9.9) 0 (0) 11 (5.2)

 Asian 20 (18) 3 (3.0) 23 (11)

 African American 6 (5.4) 12 (12) 18 (8.5)

 Other/missing 1 (0.9) 5 (4.9) 6 (2.8)

Age at diagnosis, years

 Median (range) 47.1 (4.6–86.9) 46.9 (10.8–80.1) 47.0 (4.6–86.9)

 Mean ± SD 48.1 ± 16 47.8 ± 15 48.0 ± 16

Followup, years

 Median (range) 4.3 (0.2–38.4) 4.0 (0.3–29.4) 4.1 (0.2–38.4)

 Mean ± SD 5.6 ± 5.4 4.6 ± 3.4 5.2 ± 4.6

Followup ≥3 years 76 (68) 74 (73) 151 (71)

Clinically amyopathic disease 23 (21) 15 (15) 38 (18)

*
Except where indicated otherwise, values are the number (%) of patients. There were no significant differences between the groups except for

ethnicity (P < 0.0001).
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Table 2

Frequency of cancers and autoantibodies*

Stanford University (n = 111) Johns Hopkins University (n = 102) Total (n = 213)

Cancer 17 (15.3) 12 (11.8) 29 (13.6)

Anti–NXP-2

 With cancer 5 4 9

 Without cancer 10 18 28

 Total 15 (13.5) 22 (21.6) 37 (17.4)

Anti–TIF-1γ

 With cancer 8 7 15

 Without cancer 34 33 67

 Total 42 (37.8) 40 (39.2) 82 (38.4)

Other autoantibodies

 With cancer 4† 1† 5‡

 Without cancer 51 40 91

 Total 55 (49.5) 41 (40.2) 96 (45.1)

*
Values are the number or number (%) of patients. There were no significant differences between the cohorts. Anti–TIF-1γ = anti–transcription

intermediary factor 1γ.

†
P < 0.05 versus no cancer.

‡
P < 0.005 versus no cancer.
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Table 3

Risk factors for cancer (univariate analysis)*

OR (95% CI) P

Sex

 Female Referent

 Male 3.3 (1.5–7.4) 0.003

Age at diagnosis, per year 1.06 (1.03–1.1) <0.0001

Anti–NXP-2

 No Referent

 Yes 2.5 (1.0–6.1) 0.042

Anti–TIF-1γ

 No Referent

 Yes 1.9 (0.9–4.1) 0.12

Anti–NXP-2 or anti–TIF-1γ

 No Referent

 Yes 4.7 (1.7–12.8) 0.0026

*
OR = odds ratio; 95% CI = 95% confidence interval (see Table 2 for other definitions).
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Table 4

Age, sex, and antibodies as risk factors for cancer (multivariate analysis)*

Covariates in model OR (95% CI) P

Anti–NXP-2, age, sex

 Age, per year 1.06 (1.03–1.09) 0.0002

 Male 2.7 (1.1–6.4) 0.025

 Anti–NXP-2 2.5 (0.9–6.7) 0.069

Anti–TIF-1γ, age, sex

 Age, per year 1.06 (1.02–1.09) 0.0005

 Male 3.0 (1.3–7.0) 0.012

 Anti–TIF-1γ 1.6 (0.7–3.8) 0.29

Anti–NXP-2 or anti–TIF-1γ, age, sex

 Age, per year 1.05 (1.02–1.08) 0.0013

 Male 2.9 (1.2–6.9) 0.018

 Anti–NXP-2 or anti–TIF-1γ 3.8 (1.3–10.8) 0.013

Age, anti–NXP-2 (males only)

 Anti–NXP-2 5.8 (1.4–24.7) 0.018

 Age, per year 1.05 (1.01–1.10) 0.018

Age, anti–NXP-2 (females only)

 Anti–NXP-2 1.1 (0.2–5.4) 0.95

 Age, per year 1.06 (1.02–1.11) 0.006

*
OR = odds ratio; 95% CI = 95% confidence interval (see Table 2 for other definitions).
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