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Резюме. Установлена связь недостаточности витамина Д с развитием некоторых аутоиммунных и  хрони-
ческих воспалительных болезней, таких как туберкулез и саркоидоз. Мы исследовали пробы крови, взятой 
в марте-апреле (Санкт-Петербург, 590 северной широты) у больных с коротким и продолжительным перио-
дом течения туберкулеза, у больных саркоидозом и у здоровых доноров. Мы измерили уровни кальцифедио-
ла, кальцитриола и пролактина в сыворотке, кателицидина в плазме крови и индивидуальный аутоиммунный 
профиль больных. Уровень 25(OH) D3 был низким даже у здоровых доноров — 19.3±1.4 нг/мл, у всех больных 
он был значительно ниже. Концентрация активного метаболита 1.25(OH)2 D3в сыворотке была повышена 
только у  больных саркоидозом. В  процессе инфекции активированные макрофаги конвертируют главную 
циркулирующую форму 25(OH) D в активную 1.25(OH)2 D3, которая интракринно вызывает выработку антими-
кробного пептида кателицидина. Мы не нашли ожидаемого повышения продукции кателицидина при тубер-
кулезе и саркоидозе, видимо, вследствие низкой концентрации 25(OH) D3. Содержание пролактина при сар-
коидозе не отличалось от контрольных значений, но было существенно выше у больных с инфильтративной 
и фиброзно-кавернозной формами туберкулеза. Уровень индивидуальной средней иммунореактивности ау-
тоантител к 24 антигенам был значительно снижен при туберкулезе и саркоидозе по сравнению со здоровой 
популяцией, что указывает на поликлональную иммуносупрессию в обоих случаях. Выраженные отклонения 
от индивидуального уровня средней иммунореактивности обнаружены в отношении нескольких антигенов 
у  всех больных. Однако увеличение продукции аутоантител к  некоторым антигенам не сопровождалось 
проявлениями аутоиммунного поражения соответствующих органов. Аутоиммунным манифестациям может 
способствовать гиперпролактинемия. Мы выявили значительные изменения в содержании витамина Д, про-
лактина и аутоантител при легочных формах туберкулеза и саркоидоза, а также различия исследованных 
показателей в разных группах больных туберкулезом и отсутствие кателицидинового ответа на инфекцию.
Ключевые слова: аутоантитела, инфильтративный туберкулез, фиброзно-кавернозный туберкулез, 
саркоидоз, витамин Д.

Autoantibodies to 24 antigenes in various forms  
of tuberculosis and sarcoidosis on the background  
of vitamin d insufficiency
© Irina. V. Belyaeva1,3, Leonid P. Churilov1,2, Liya R. Mikhailova2, Alexey V. Nicolaev1, Anna A. Starshinova1,2,  
Petr K. Yablonskiy1,2

1 Saint-Petersburg State University, medical faculty. 199034, St. Petersburg, University emb. 7-9 
2 Saint-Petersburg State Research Institute of Phthisiopulmonology. 191036, Saint-Petersburg, Ligovskiy pr., 2–4 
3 Saint-Petersburg State Pediatric Medical University. 194100, Russia, Saint-Рetersburg, Litovskaya str., 2.



ORIGINAL PAPERS

 Russian Biomedical Research том 4   № 1   2019 ISSN 2658-6584

10

Contact Information: Irina V. Belyaeva — Department of Pathology, St. Petersburg State University, Ministry of Health of Russia and Department of 
Pathological Physiology, with a course of immunopathology, Federal State Budgetary Educational Institution of State Medical University, Ministry of 
Health of Russia. E‑mail: irivaba@mail. ru

Abstract. The vitamin D deficiency is associated with several autoimmune and chronic inflammatory diseasessuch 
as tuberculosis (TB) and sarcoidosis (Sr). We studied blood samples taken in March — April in Saint Petersburg area 
(59° north latitude) from patients with different forms of pulmonary tuberculosis, sarcoidosis, and from healthy donors, 
distinguishing between tuberculosis patients with short either long duration of disease. We measured the levels of 
calcifediol and calcitriol, prolactin in sera, cathelicidin in plasma, and the individual autoimmune profile of patients. The 
level of 25(OH) D was low even in healthy adult donors — 19.3±1.4 ng/ml; however in all patients it was significantly 
lower. Active metabolite 1.25(OH)2 D3 concentration in serum was increased only in the sarcoidosis patients. During 
infection the activated macrophages convert the main circulating form 25(OH) D into the active 1.25 (OH)2 D3 which 
induces the antibacterial peptide cathelicidin. We saw no expected increase of cathelicidin levels in tuberculosis 
and sarcoidosis, apparently due to low concentration of 25 (OH) D. The prolactin content in the sarcoidosis patients 
did not differ from that of controls, but was significantly higher in patients with infiltrative and fibrous-cavernous 
tuberculosis. The individual mean immune reactivity level of autoantibodies to 24 antigens was significantly decreased 
in tuberculosis and sarcoidosis compared to healthy population, which indicates polyclonal immunosuppression in 
both diseases. Pronounced deviations from mean individual immune reactivity level were found for several antigens 
in all patients; the increase of the autoantibody production towards severalautoantigens could not be attributed to 
any clinical manifestation of comorbid autoimmune diseases in the corresponding organs. Hyperprolactinemia may 
contribute to autoimmune manifestations. We registered significant changes in the content of vitamin D, prolactin, and 
autoantibodies in pulmonary tuberculosis and sarcoidosis, as well as the difference between the studied groups of 
tuberculosis patients and failure of the cathelicidin response to infection in them.
Key words: autoantibodies, infiltrative tuberculosis, fibrous cavernous tuberculosis, sarcoidosis, vitamin D.

ders. Vitamin D deficiency is widely spread and is associated with 
increased tuberculosis risk in different populations [22].

The vitamin D status is based upon the serum levels of 25(OH) 
D. The proper level of 25(OH) D required for good health is debated, 
but the optimal vitamin D concentration 30–40 ng/ml 25(OH) D is 
associated with the most beneficial health effects including benefits 
against the risk of autoimmune diseases [34].

It was shown that conversion of 25-hydroxyvitamin D to active 
1,25-dihydroxyvitamin D occurs in the immune cells and is essential 
for their antibacterial activity due to induction of cathelicidin (LL‑37), 
a potent antimicrobial peptide [11, 19, 13]. Cathelicidin can fulfill 
antimicrobial, antifungal and antiviral properties through many 
different ways [26,1]; it plays a particular role in defense against 
intracellular Mtb inducing autophagy in monocytes/macrophages [37].

Vitamin D deficiency is common in patients with autoimmune 
diseases [7, 28] as well as in the TB patients [29]. Vitamin D sup-
plementation restores the immune functions inducing the immature 
tolerogenic state, enhances the function of regulatory T cells, inhibits 
the Th1 functions, and affects the human B cell differentiation [24, 
10]. On the other hand the microbial products aside from vitamin D 
deficiency can break self-tolerance and induce autoimmune disease 
through activation of the antigen-presenting cells [35]. Autoimmunity 
also is peculiar to sarcoidosis [4].

The majority of investigations of the vitamin D impact on tuber-
culosis did not take into account various forms of the disease. Our 
work partially fills that gap up. Besides, we made a comparison of 

Introduction
Pulmonary tuberculosis(TB) and pulmonary sarcoidosis (Sr)

both belong to chronic granulomatous inflammation and often pose 
difficulties for differential diagnosis having similar morphological 
impairments, even more so due to presence of Mycobacterium 
tuberculosis (Mtb) in many sarcoidosis patients. Sarcoidosis etiology 
is still unknown, but triggering role of Mtb in some cases is obvious 
[20]. It is possible that Tb and Sr may occur as different patterns of 
reaction towards the same infectious or adjuvant-like stimuli [12].

The innate immune cells primarily infected by Mtb are the 
alveolar macrophages. In the macrophage phagosomeMtb find 
favorable niche for survival and replication [21]. Human alveolar 
macrophages activate signaling pathways to combat bacterial 
replication and attract other immune cells into the site of infection 
[2, 33]. A number of receptors recognizing mycobacterial ligands 
play a role in the macrophage phagocytosis of Mtb, among them 
the Toll-like receptors (TLRs). The engagement of TLRs by micro-
bial components triggers the induction of inflammatory responses, 
antimicrobial host defense, and the initiation of events important 
for the adaptive immune responses [17, 6]. Mtb interferes with the 
macrophage effectors and signaling pathways, inhibits phagolyso-
somal maturation of the dendritic cells which are important innate 
immune responses to intracellular infection [27, 5].

Recent investigations attracted worldwide attention to vitamin 
D, which besides its classical effect, is involved in pathogenesis 
of chronic diseases including tuberculosis and autoimmune disor-
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the vitamin D level and some immune and endocrine parameters 
in various forms of TB and in sarcoidosis. We studied the blood 
contents of two vitamin D3forms — calcifediol and calcitriol, as well 
as concentrations of cathelicidinand prolactin, autoantibodies to 
24autoantigens. Distinction was made between TB patients with 
short-time and long-time duration of disease.

Material and methods
A total of 41 participants were enrolled in the studywith informed 

consent. Blood samples obtained in April-June from the in-patients 
of the Saint Petersburg Research Institute of Phthisiopulmonology 
(SPbRIP) and those of TB sanatorium near Saint Petersburg (59ₒ 
north latitude). The institutional review board of the SPbRIP approved 
all studies involving humans. All processing of information obtained 
from the participants has been carried out in accordance with The 
Code of Ethics of the World Medical Association (Declaration of 
Helsinki).

The participants were divided into four groups, which included:
1) 33 patients with infiltrative tuberculosis (IT);
2) 22 patients with fibrous cavernous tuberculosis (FCT);
3) 16 patients with sarcoidosis (Sr);
4) 41 healthy donors.
The mean age of patients was 35.4 years (range 17–65), 73% 

were males. The mean age ofhealthy donors was 31.5 years (range 
17–56), 44% were males. The chest X‑ray findings, direct smear 
microscopy, mycobacterial culture results, and clinical data were 
abstracted from the medical records. TB manifestsin many forms. 
In our study two groups of TB patients had different clinical and 
X‑ray characteristics, but all TB patients were in active phase of 
the disease.

The IT is the most common type of the secondary TB. In 
our investigation the IT patients (mean age 22.9 years, range 
17–33) had 1–3 segments of the lung affected (81.4%), and 
more benign course of disease compared to FCT group. 38% 
of IT patients excreted Mtb. Physical signs of TB were absent 
in 49.1% of patients.

The FCT patients had progressive disease lasting from 4 to 19 
years, with average 11.2 years of duration. The multiple involvement 
of lung segments and signs of lung destruction were observed in all 
FCT patients. Mtb excretion was found in 91% of them. Most patients 
(89%) had some manifestations of TB on physical examination. All 
FCT patients had multi-drug Mtb resistance and some degree of 
respiratory insufficiency. The mean age of FCT patients group was 
47.9 (range 29–65 years).

Overwhelming majority of citizens in Russia is vaccinated with 
BCG, which was the case for all donors involved.

The concentration of 25-hydroxyvitamin D (calcifediol) was 
measured with ELISA (Immunodiagnostic Systems Ltd, UK) with 
the assay sensitivity 5 nmol/L.

The level of 1,25-dihydroxyvitamin D (calcitriol) was mea-
sured with ELISA (Immunodiagnostic Systems Ltd, UK). The kit was 
a complete assay system intended for purification of calcitriol in the 
human serum by immunoextraction followed by quantitation by the 
enzyme immunoassay. The sensitivity of the assay was 2.5 pg/mL.

Cathelicidin (human LL‑37) levelin plasma was measured by 
ELISA (Hycult Biotech, Frontstraat 2a, 5405 PB Uden, the Nether-
lands). The detection limit was 0.1ng/mL.

The prolactin level was measured by the PRL AccuBind ELISA 
test system (Monobind Inc. 100 North Pointe Drive Lake Forest, CA 
92630 USA) which had detection limit 0.15ng/mL. The prolactin, 
procalcitonin, T3, T4, TSH, and cortisol levels were measured by 
ELISA (Vector Best Baltica, Saint-Petersburg, Russia).

The study of individual autoantibodies-
profilein sera

To evaluate the spectrum and relative intensity of autoimmu-
nity, we investigated the individual serum profiles of multiple au-
toantibodies (AAB) and the integral autoreactivity by the method 
of ELI‑viscero-test, (Immunculus, Russia) which is based on the 
ELISA technology [25].

The method allows evaluating the relative serum content of 
IgGAABtowards 24 major antigens simultaneously (Figure 1). 
For every person its average over all that antigens characterizes 
the individual mean immune reactivity (MIR). Investigations were 
carried out according to the instructions of the manufacturer using 
the computer program attached. The results of ELI‑viscero-test 
characterize not the absolute AAB concentrations but their devia-
tions in percentage from the individual MIR. The small quantities 
of AAB to different antigens are always present in the serum of 
healthy individuals; collectively they form the individual autoim-
mune reactivity profile [74]. Deviation ranges for each antigen in 
healthy population were established in to be between –20 and 
+10 percent from MIR[25].

We tested the levels of autoantibodies against the following 
autoantigens: the double stranded DNA (dsDNA), Fc-fragment of 
IgG, β2-glycoprotein, the membrane antigen of cardiomyocytes 
(CoM‑0.2), the cardiac isoform of adrenoreceptor (betaAR), the 
membrane (KiM‑0.5) and cytoplasmic (KiS‑0.7) renal glomerular 
antigens, the membrane (LuM‑0.2) and the cytoplasmic (LuS‑0.6) 
lung alveolar epithelial antigens, the hepatic antigens (HMМР, 
HeS‑08), the gastric mucosa antigen (GaM‑02), the intestinal 
antigen (ItM‑07), insulin (Ins) and its receptor (Ins-R), thyroglobulin 
(TG) and thyrotropin receptor (TSH-R), the adrenal medullar cell 
membrane antigen (AdrM-D/C), the myelin basic protein (MBP), 
the protein of the astroglial cell filaments (GFAP), the common 
antigen of the prostate cells and spermatozoa (SR‑0,6), and the 
acid calcium-binding S100 protein (S100).

The individual relative level of the antibodies to each of the 
24 antigens was evaluated as the ratio of the optical densities of 
the respective sera and the control serum corresponding to the 
population average; deviation of the mean of these 24 values from 
the population average expressed in per cent characterizes the 
individual mean immune reactivity (MIR) of a person.

Statistical analysis
Statistical analysis was carried out using the Statistical Pack-

age for Social Sciences software. Mean values were compared 
using the t-test for the data that were normally distributed and the 
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Table 1
Vitamin D, cathelicidin, prolactin

Healthy subjects Sarcoidosis Infiltrative
tuberculosis

Fibrous-
cavernous

tuberculosis
25 (OH)D

ng/mL
19.3±1.4

8
13.2±1.7
8 p<0.05

11.7±1.8
13 p<0.001

8,2±1,4
8 p<0,001

1,25(OH)2D
pg/mL

35.5±12.8
10

50.4±16.6
10 p<0.05

32.1±14.7
10

40.7±19.2
11

Cathelicidin
ng/mL

39.8±9.7
20

39.8±8.3
8

45.1±18.3
24

50.1±32.8
12

Prolactin
ng/mL

7.7±0.9
9

9.1±1.1
9

22.3±3.4
21 p<0.01

19.4±3.3
10 p<0.05

Mann-Whitney test for the data that were not normally distributed. 
Statistical significance was set at p<0.05.

RESULTS
The peripheral blood characteristics of the two investigated TB 

groups were different. Both groups were characterized by monocy-
tosis, thrombocytosis, and increased erythrocyte sedimentation rate 
(ESR), but in the FCT group changes were much more significant. 
Monocytosis was present in 76.5% FCT patients, thrombocytosis — 
in 85.7% patients, increased ESR — in 82.4% patients.

The vitamin D in tuberculosis and sarcoidosis.
The serum level of 25(OH) D was low even in healthy adult do-

nors constituting 19.3±1.4ng/mL (the mean±SE); but in all patients 
it was significantly lower, namely 13.2±1.7 in Sr (p<0.05), 11.7±1.8 
(p<0.001) in IT and 8.2±1.4ng/mL (p<0.001) in FCT (Table 1).

The serum concentrationof the 1.25(OH)2D was increased in the 
sarcoidosis patients only (50.4±16.6 vs 35.5±12.8pg/mL in healthy 
subjects, p<0.05) (Table 1).

Cathelicidin and hormone levels
There was no increase of the cathelicidin level in tuberculosis 

orsarcoidosis. The cathelicidin content was 39.8±9.7 ng/mL in 
healthy donors, 45.1±18.3ng/mL in IT, 50.1±32.8 ng/mL in FCT, 
and 39.8±8.3ng/mL in sarcoidosis patients (Table 1).

The prolactin content in the sarcoidosis patients did not differ 
from that of controls, but it was significantly higher in the IT (22.3±3.4 
vs 7.7±0.9 ng/mL, p<0.01) and FCT (19.4±3.3 vs 7.7±0.9 ng/mL, 
p<0.05) groups (table 1).

The levels of procalcitonin, 3-iodotironin, thyroxin and TSH were 
normal in all groups; only in a few cases of tuberculosis the blood 
cortisol level was raised.

Individual serum AAB profiles
For evaluation of autoimmunity spectrum, we used the sera 

of 9 patients with IT, 9 those with FCT and 12 patients with 
sarcoidosis.

Deviation of MIR from zero reflects the individual immune sys-
tem activity (Figure 1). Normal range of MIR deviations from the 
population average is between –25% and +5% [25].

MIR was significantly decreased in tuberculosis and sar-
coidosis compared to healthy population. It was decreased in 
100% patients with IT, in 67% patients with FCT, and in 91% of 
sarcoidosis patients.

On the background of general MIR decrease, we revealed 
in all patients pronounced deviations of autoantibodies towards 
several autoantigens from MIR level. The IT patients (Table 
2) most often had increased level of AAB to the dsDNA (in 4 
patients out of 9). The predominance of autoantibodies to the 
kidney antigens, to insulin, and to the TSH‑receptor equally 
was (5/9).

Significant deviations of AAB from normal ranges occurred in 
FCT patients predominantly to both kidney antigens (7/9), and to 
TSH receptor (6/9) (Table 3). Negative deviations (Figure 1) indicate, 
according to the authors of the method, binding of AAB by the surplus 
of autoantigensoccurring under intensive tissue decay. Compared 
to IT patients, each particular patient with FCT had elevated levels 
of AAB towards larger number of different antigens.

The sarcoidosis patients demonstrated fewer deviations from 
normal MIR ranges compared to the tuberculosis patients (Table 4).

Increased levels of AAB occurred predominantly towards dsDNA 
(8/12) and GaM‑02 (4/12).

DISCUSSION
Pulmonary tuberculosis and pulmonary sarcoidosis, the last is 

a disease of unknown etiology, are recognized as granulomatous 
disorders; they have similar X‑ray, morphological, and genetic 
characteristics [20].

It was suggested that mycobacterial antigen(s), e. g., heat 
shock proteins (Mtb-hsp) can serve as causative factors; Mtb-
hsp, especially Mtb-hsp65, may provide a link between infection 
and autoimmunity [8]. The author hypothesizes that, in genet-
ically different individuals, the same antigens (Mtb-hsp) may 
induce different immune responses, leading to the development 
of Sr or TB.

Vitamin D
There is no consensus on the vitamin D level ranges. We 

considered the vitamin D levels <20ng/mL as the deficient ones 
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Fig. 1.	 Patient K., fibrous-cavernous TB. Auto-antibodies to different antigens plotted relative to individual mean immune reactivity (MIR). 
In four cases the increase of autoantibodies exceeds 20% and is statistically significant. For a single antigen (ß-AR) statistically 
significant decrease of antibodies is observed. The MIR value of K. was –29%. MIR in healthy population is shown by dashed red line
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and founddeficiency of the vitamin D in our study in patients with 
pulmonary Sr and especially with TB. The FCT patients with long 
progressing TB with many phases of exacerbation and remission 
and considerable lung lesion, had the deepest drop of the vitamin 
D level. Indeed, these patients were altered by multiple factors 
influencing their vitamin D status such as medicines (Rifampi-
cin), long staying in hospital, and avoiding the sun exposure. It 
looks unlikely that the FCT patients had initially, before the TB 
disease onset, such a low level of vitamin D (8.2±1.43ng/mL); it 
is perhapsmore probable for thosefew patients who had comorbid 
chronic hepatitis. It seems that the low level of vitamin D is the 
result of interactions between Mtb and the host macrophages. A 
novel subset of genes was identified [5], whose regulation was 
affected specifically by infection with mycobacteria. This subset 
includes genes involved in response to vitamin D. The mean 
level of 1.25(OH)2D was increased only in sarcoidosis patients 
probably due to its excessive production by the macrophages of 
Sr granulomata [3].

Cathelicidin
There were no significant changes in concentration of cathelici-

din (LL‑37) in the TB and Sr patients compared to healthy donors, 
probably due to the low concentration of 25(OH) D in both diseases. 
In patients with acute septic and non-septic infection the cathelicidin 
level was markedly enhanced and correlated with vitamin D status, 
but there was no correlation in the case of TB [36]. The authors 
of that work revealed higher LL‑37 concentrations in TB patients. 
However the level of 25(OH)D in that study was higher than in our 
TB patients, besides the investigations were performed in the serum 
samples and not in plasma received from freshly taken blood. In 
that case during the procedure of plasma receiving, neutrophils 
may degranulate to be the source of LL‑37. We found, as well as 
the authors of this study, high prevalence of thrombocytosis in TB 
patients but it correlated with the disease severity, monocytosis, 
and enhanced RSR and not with the cathelicidin level. We can find 
some support to our data in the report that demonstrated an asso-
ciation between low cathelicidin levels and the history of bacterial 

Table 2
Infiltrative tuberculosis

№№  73 77 94 85 46 23 42 90 86
dsDNA +48 +30 +30 +90
β2-GPI +28

Fc
CoM‑02 +37 +36 +25

βAR
TrM‑03
ANCA

KiM‑05–40
KiS‑07 +80 +55 +64 +87
LuM‑02 +21
LuS‑06 +31 +32
GaM‑02
ItM‑07

HeS‑08
HMMP
Insulin +26 +23 +55 +59 +58
Ins-R
TG +35

TSH-R +28 +30 +29 +38 +39
AdrM-D/C

Spr‑06
S100 +44
GFAP
MBP
MIR -46 -33 42 -51 -31 -34 -51 -36 -43
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Table 3
Fibrous cavernous tuberculosis

№№  169 82 27 78 69 67 81 76 90
dsDNA +36 +37 +67
β2-GPI

Fc
CoM‑02 +56 +40 +33

βAR +25
TrM‑03
ANCA -35 +30

KiM‑05–40 +22 +29
KiS‑07 +29 +42 +57
LuM‑02
LuS‑06 +50 +28
GaM‑02 +39 +48 +60
ItM‑07

HeS‑08
HMMP
Insulin +60 +60 +90 +63
Ins-R -36 -33
TG +49

TSH-R +26 +27 +28 +41 +31 +30 +47
AdrM-D/C -33

Spr‑06 -33
S100 -38 -35
GFAP
MBP +31
MIR -39 -33 -31 -10 -8 -25 -31 -43 -54

pneumonia in the study of 650 individuals[18]. In the case of an 
intracellular pathogen like Mtb the intracrine mechanisms of defense 
are especially important and dependent on the vitamin D status.

The prolactin levels were raised in both TB group patients, 
but not differed from Sr patients. It was suggested that the prolactin 
level is a marker of the autoimmune processes [23].

Individual serum AAB profiles
Our interest to the AAB in the TB patients was motivated by the 

growing number of evidence that the autoimmune processes are 
triggered by infections like TB, because chronic presence of Mtb can 
be regarded as an endogenous adjuvant [29]. The important question 
is whether the AAB presence leads eventually to overt autoimmune 
disease. We studied two groups of patients with short-time and long-
time course of TB and patients with Sr, which is a disease with an 
autoimmune component of pathogenesis, to clear this.

Individual mean immune reactivity (MIR) was significantly de-
creased in TB and Sr compared to healthy population, which indi-

cates polyclonal immunosuppression [25]. Immunosuppression in 
pulmonary TB was demonstrated previously by other methods [14]. 
The immune responses in TB may increase the spontaneous and 
the Mtb antigen-induced apoptosis of T cells [15].

We saw that patients with TB and Sr had increased content of 
AAB to different antigens in spite of general background of immu-
nosuppression. It is worth mentioning that evaluation of the relative 
AAB level with respect to MIR demonstrates the increase of the 
AAB production with greater sensitivity than the standard method 
of measuring their absolute content, under significant immunosup-
pression peculiar both to TB and Sr.

The increased level of AAB most often occurred with respect 
to the dsDNA (in IT and Sr). The TB patients also demonstrated 
enhanced level of AAB to different antigens, but AAB to the kidney 
antigens, to insulin, and to the TSH‑receptor were prevailing. Our 
data are consistent with data of other reports; the TB patients’ mean 
serum levels of several AAB were significantly increased compared 
with the controls [9]; a common anti-DNA idiotype in sera of patients 
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with active pulmonary tuberculosis was discovered [32]. Several 
reports demonstrated the presence of different AAB in the serum 
of the active TB patients [16, 30].

In our studythe Srpatients demonstrated fewer deviations from 
normal MIR ranges compared to the TB patients. It seems important 
that the change patternsin the IT, FCT and Sr groups were different. 
There were no corresponding clinical symptoms and signs of the 
autoimmune diseases involving the organs to which AAB were found. 
Despite high prevalence of AAB to the thyroid gland and the TSH 
receptor in TB patients we found no changes in concentrations of 
thyroid hormones and TSH. The authors of paper [30] who demon-
strated the presence of AAB to different antigens in the TB patients, 
suggested that AAB are reactive in TB instead of being pathogno-
monic, and do not require immunosuppressant therapy. We tend to 
accept this interpretation, because 1) the most common anti-dsDNA 
autoantibodies were characteristic both for TB and Sr; 2) the FCT 
patients suffering from a more severe form of TB than the IT patients, 
had higher prevalence and a different set of AAB.

We registered significant changes in the content of AAB, vitamin 
D, and prolactin, in pulmonary TB and Sr, as well as the difference 
between the studied groups of TB patients and failure of the cathe-
licidin response to infection in them.

The data of this study testify the role of vitamin D deficit in poor 
cathelicidin response in TB and Sr. Both TB and Sr are accompanied 
by significant changes of autoimmune profile, which can be related 
to status of vitamin D and cytokine regulation in these patients.

Acknowledgements
Research is supported by SPbSU grant7.38.81.2012
The authors declare that they have no conflict of interests.
Earlier the shorter version of this paper was published by authors 

in IMAJ, 2017; 19(8):499-505

ЛИТЕРАТУРА
1.	 Беляева И.В., Николаев А.В., Чурилов Л.П., Яблонский П.К. Ка-

телицидины, витамин Д и  туберкулез. Вестник Санкт-Петер-

Table 4
Sarcoidosis

№№  49 117 118 130 132 123 124 141 202 203 205 206
dsDNA +44 +28 +51 +43 +55 +82 +27 +60
β2-GPI +23 +28

Fc +51 +29
CoM‑02 +34

βAR +27
TrM‑03
ANCA +39

KiM‑05–40
KiS‑07
LuM‑02 +30 34
LuS‑06 +31
GaM‑02 +31 +26 +22 +23
ItM‑07

HeS‑08 +28 +23
HMMP +23
Insulin +24
Ins-R
TG +34

TSH-R +24
AdrM-D/C +32 +36

Spr‑06
S100 -38 -32
GFAP +22 +22 -35
MBP 23
MIR -56 -28 -56 -27 -46 -23 -29 -52 -41 -33 -52 -32



оригинальные статьи 17

 Российские биомедицинские исследования        том 4   № 1   2019     	 eISSN 2658-6576

бургского государственного университета. Серия 11, Медицина. 
2013; № 3: 3–18.

2.	 Abebe F. Is interferon-gamma the right marker for bacilli Calmette–
Guérin-induced immune protection? The missing link in our un-
derstanding of tuberculosis immunology. ClinExpImmunol. 2012; 
169(3): 213–219. Doi: 10.1111/j.1365–2249.2012.04614. x

3.	 Adams J.S., Singer F.R., Gacad M.A. et al. Isolation and structur-
al identification of 1,25-dihydroxyvitamin D3 produced by cultured 
alveolar macrophages in sarcoidosis. J. Clin. Endocrinol. Metab. 
1985; 60: 960–966.

4.	 Bindoli S., Dagan A., Torres-Ruiz J.J. et al. Sarcoidosis and Auto-
immunity: From Genetic Background to Environmental Factors. Isr 
Med Assoc J. 2016; 18(3–4): 197–202.

5.	 Blischak J.D., Tailleux L., Mitrano A. et al. Mycobacterial infection 
induces a specific human innate immune response. Sci Rep. 2015; 
5: 16882. Doi: 10.1038/srep16882 (2015).

6.	 Coll R.C., O’Neill L.A. New insights into the regulation of signal-
ing by Toll-like receptors and Nod-like receptors. J. Innate. Immun. 
2010; 2: 406–421.

7.	 Cutolo M. Further emergent evidence for the vitamin D endocrine 
system involvement in autoimmune rheumatic disease risk and 
prognosis [review]. Ann Rheum Dis. 2013; 72(4):473–475. Doi: 
10.1136/annrheumdis‑2012–202538.

8.	 Dubaniewicz A. Mycobacterium tuberculosis heat shock proteins 
and autoimmunity in sarcoidosis [review]. Autoimmun. Rev. 2010; 
9(6): 419–24. Doi: 10.1016/j. autrev.2009.11.015. 

9.	 Elkayam O., Caspi D., Lidgi M. et al. Auto-antibody profiles in pa-
tients with active pulmonary tuberculosis. Int. J. Tuberc. Lung. Dis. 
2007; 11: 306–310.

10.	 Ferreira G.B., van Etten E., Verstuyf A. et al. 1,25-Dihydroxyvitamin 
D3 alters murine dendritic cell behaviour in vitro and in vivo. Diabe-
tes Metab Res Rev. 2011; 27: 933–941. Doi: 10.1002/dmrr.1275.

11.	 Gombart A.F., Borregaard N., Koeffler H.P. Human cathelicidin an-
timicrobial peptide (CAMP) gene is a direct target of the vitamin D 
receptor and is strongly up-regulated in myeloid cells by 1,25-di-
hydroxyvitamin D3. FASEB J. 2005; 19: 1067–1077. Doi: 10.1096/
fj.04-3284com.

12.	 Gupta D., Agarwal R., Aggarwal A.N., Jindal S.K. Sarcoidosis and 
tuberculosis: the same disease with different manifestations or sim-
ilar manifestations of different disorders. Current Opinion in Pulmo-
nary Medicine. 2012; 18(5): 506–516.

13.	 Haussler M.R., Whitfield G.K., Kaneko I. et al. Molecular mecha-
nisms of vitamin D action. Calcif Tissue Int. 2013; 92: 77–98. Doi: 
10.1007/s00223-012-9619-0.

14.	 Hirsch C.S., Hussain R., Toossi Z., Dawood G., Shahid F., Ellner J.J. 
Cross-modulation by transforming growth factor beta in human tuber-
culosis: suppression of antigen-driven blastogenesis and interferon 
gamma production. ProcNatlAcadSci USA. 1996; 93(8): 3193–3198.

15.	 Hirsch C.S., Toossi Z., Vanham G. et al. Apoptosis and T cell hy-
poresponsiveness in pulmonary tuberculosis. J Infect Dis. 1999; 
179(4): 945–953.

16.	 Isenberg D., Maddison P., Swana G. Profile of autoantibodies in the 
serum of patients with tuberculosis, klebsiella and other Gram-neg-
ative infections. ClinExpImmunol. 1987; 67: 516–523.

17.	 Krutzik S.R., Modlin R.L. The role of Toll-like receptors in combating 
mycobacteria. SeminImmunol 2004; 16: 35–41.

18.	 Lambert A.A., Kirk G.D., Astemborski J. et al. Christian Taube, 
Editor PLoS One. A Cross Sectional Analysis of the Role of the 
Antimicrobial Peptide Cathelicidin in Lung Function Impairment 
within the ALIVE Cohort. 2014; 9(4): e95099. Doi: 10.1371/journal. 
pone.0095099.

19.	 Liu P.T., Stenger S., Tang D.H., Modlin R.L. Cutting edge: vitamin 
D‑mediated human antimicrobial activity against Mycobacterium tu-
berculosis is dependent on the induction of cathelicidin. J Immunol. 
2007; 179(4): 2060–2063. Doi: 10.4049/jimmunol.179.4.2060.

20.	 Maertzdorf J., Weiner J., Mollenkopf H.J. et al. Common patterns 
and disease-related signatures in tuberculosis and sarcoidosis. 
ProcNatlAcadSci U S A 2012; 109(20): 7853–7858.

21.	 Mwandumba H.C., Russell D.G., Nyirenda M.H. et al. Mycobacte-
rium tuberculosis resides in nonacidified vacuoles in endocytically 
competent alveolar macrophages from patients with tuberculo-
sis and HIV infection. J Immunol. 2004; 172(7): 4592–4598. Doi: 
10.4049/jimmunol.172.7.4592.

22.	 Nnoaham K.E., Clarke A. Low serum vitamin D levels and tubercu-
losis: A systematic review and meta-analysis. Int J Epidemiol 2008; 
37: 113–119.

23.	 Orbach H., Zandman-Goddard G., Amital H. et al. Novel biomarkers 
in autoimmune diseases: prolactin, ferritin, vitamin-D, and TPA levels 
in autoimmune diseases. Ann N Y AcadSci. 2007; 1109: 385–400.

24.	 Penna G., Amuchastegui S., Giarratana N. et al. 1,25-Dihy-
droxyvitamin D3 selectively modulates tolerogenic properties in 
myeloid but not plasmacytoid dendritic cells. J Immunol. 2007; 
178: 145–153.

25.	 Poletaev A.B., Abrosimova A.A., Sokolov M.A. et al. Dialectics and 
Implications of Natural Neurotropic Autoantibodies in Neurological 
Disease and Rehabilitation. ClinDevImmunol. 2004; 11(2): 151–
156, DOI 10.1080/10446670410001722221.

26.	 Ramanathan B., Davis E.G., Ross C.R., Blecha F. Cathelicidins: 
microbicidal activity, mechanisms of action, and roles in innate im-
munity. Microbes Infect. 2002; 4: 361–372.

27.	 Scherr N., Jayachandran R., Mueller Ph., Pieters J. Interference of 
Mycobacterium tuberculosis with macrophage responses. Indian J 
ExpBiol. 2009; 47: 401–406.

28.	 Schoindre Y., Benveniste O., Costedoat-Chalumeau. Vitamin D and 
autoimmunity. N Presse Med. 2013; 42(10): 1358–1363.

29.	 Shapira Y., Agmon-Levin N., Shoenfeld Y. Mycobacterium tubercu-
losis, autoimmunity, and vitamin D [review]. Clin Rev Allergy Immu-
nol 2010; 38(2–3): 169–177. Doi: 10.1007/s12016-009-8150-1.

30.	 Shen C.-Y., Hsieh S.-L., Yu C.–L., Wang J.-Y., Lee L.-N., Yu  C.-
J. Autoantibody prevalence in active tuberculosis: reactive or 
pathognomonic? BMJ Open. 2013; 3: e002665. Doi:10.1136/bmjop-
en‑2013–002665.

31.	 Shoenfeld Y., Isenberg D.A. Natural Autoantibodies: Their Physi-
ological Role and Regulatory Significance. Boca Raton, FL: CRC 
Press.1993: 355.

32.	 Shoenfeld Y., Wilner Y., Coates A.R., Rauch J., Lavie G., Pinkhas J. 
Infection and autoimmunity: Monoclonal anti-tuberculosis antibod-
ies react with DNA and monoclonal anti-DNA autoantibodies bind 



ORIGINAL PAPERS

 Russian Biomedical Research том 4   № 1   2019 ISSN 2658-6584

18

to mycobacterial derived glycolipids. ClinExpImmunol 1986; 66: 
255–61.

33.	 Sia J.K., Georgieva M., Rengarajan J. Innate Immune Defenses in 
Human Tuberculosis: An Overview of the Interactions between My-
cobacterium tuberculosis and Innate Immune Cells. J Immunol Res. 
2015; 2015: 747543. Doi: 10.1155/2015/747543.

34.	 Souberbielle J.C., Body J.J., Lappe J.M. Vitamin D and musculoskel-
etal health, cardiovascular disease, autoimmunity and cancer. Auto-
immun Rev. 2010; 9(11):709–715. Doi: 10.1016/j.autrev.2010.06.009. 

35.	 Waldner H., Collins M., Kuchroo V. Activation of antigen-presenting 
cells by microbial products breaks self-tolerance and induces auto-
immune disease. J Clin Invest. 2004; 113: 990–997.

36.	 Yamshchikov A.V., Kurbatova E.V., Kumari M. et al. Vitamin D sta-
tus and antimicrobial peptide cathelicidin (LL‑37) concentrationsin-
patientswithactivepulmonarytuberculosis. Am J ClinNutr. 2010; 
92(3): 603–611.

37.	 Yuk J.M., Shin D.M., Lee H.M. et al. Vitamin D3 induces autophagy 
in human monocytes/macrophages via cathelicidin. Cell Host Mi-
crobe 2009; 6: 231–243. Doi: 10.1016/j. chom.2009.08.004.

REFERENCES
1.	 Belyaeva I. V., Nikolaev A.V., Churilov L.P., Yablonskiy P.K. Katelit-

sidiny, vitamin D i  tuberkulez. [Cathelicidins, vitamin D and tuber-
culosis]. Vestnik Sankt-Peterburgskogogosudarstvennogouniversi-
teta. Seriya11, Meditsina. 2013; № 3: 3–18 (in Russian).

2.	 Abebe F. Is interferon-gamma the right marker for bacilli Calmette–
Guérin-induced immune protection? The missing link in our un-
derstanding of tuberculosis immunology. ClinExpImmunol. 2012; 
169(3): 213–219. Doi: 10.1111/j.1365–2249.2012.04614. x

3.	 Adams J.S., Singer F.R., Gacad M.A. et al. Isolation and structur-
al identification of 1,25-dihydroxyvitamin D3 produced by cultured 
alveolar macrophages in sarcoidosis. J. Clin. Endocrinol. Metab. 
1985; 60: 960–966.

4.	 Bindoli S., Dagan A., Torres-Ruiz J.J. et al. Sarcoidosis and Auto-
immunity: From Genetic Background to Environmental Factors. Isr 
Med Assoc J. 2016; 18(3–4): 197–202.

5.	 Blischak J.D., Tailleux L., Mitrano A. et al. Mycobacterial infection 
induces a specific human innate immune response. Sci Rep. 2015; 
5: 16882. Doi: 10.1038/srep16882 (2015).

6.	 Coll R.C., O’Neill L.A. New insights into the regulation of signal-
ing by Toll-like receptors and Nod-like receptors. J. Innate. Immun. 
2010; 2: 406–421.

7.	 Cutolo M. Further emergent evidence for the vitamin D endocrine 
system involvement in autoimmune rheumatic disease risk and 
prognosis [review]. Ann Rheum Dis. 2013; 72(4):473–475. Doi: 
10.1136/annrheumdis‑2012–202538.

8.	 Dubaniewicz A. Mycobacterium tuberculosis heat shock proteins 
and autoimmunity in sarcoidosis [review]. Autoimmun. Rev. 2010; 
9(6): 419–24. Doi: 10.1016/j. autrev.2009.11.015. 

9.	 Elkayam O., Caspi D., Lidgi M. et al. Auto-antibody profiles in pa-
tients with active pulmonary tuberculosis. Int. J. Tuberc. Lung. Dis. 
2007; 11: 306–310.

10.	 Ferreira G.B., van Etten E., Verstuyf A. et al. 1,25-Dihydroxyvita-
min D3 alters murine dendritic cell behaviour in vitro and in vivo. 

Diabetes Metab Res Rev. 2011; 27: 933–941. Doi: 10.1002/
dmrr.1275.

11.	 Gombart A.F., Borregaard N., Koeffler H.P. Human cathelicidin an-
timicrobial peptide (CAMP) gene is a direct target of the vitamin D 
receptor and is strongly up-regulated in myeloid cells by 1,25-di-
hydroxyvitamin D3. FASEB J. 2005; 19: 1067–1077. Doi: 10.1096/
fj.04-3284com.

12.	 Gupta D., Agarwal R., Aggarwal A.N., Jindal S.K. Sarcoidosis and 
tuberculosis: the same disease with different manifestations or sim-
ilar manifestations of different disorders. Current Opinion in Pulmo-
nary Medicine. 2012; 18(5): 506–516.

13.	 Haussler M.R., Whitfield G.K., Kaneko I. et al. Molecular mecha-
nisms of vitamin D action. Calcif Tissue Int. 2013; 92: 77–98. Doi: 
10.1007/s00223-012-9619-0.

14.	 Hirsch C.S., Hussain R., Toossi Z., Dawood G., Shahid F., Ellner J.J. 
Cross-modulation by transforming growth factor beta in human tuber-
culosis: suppression of antigen-driven blastogenesis and interferon 
gamma production. ProcNatlAcadSci USA. 1996; 93(8): 3193–3198.

15.	 Hirsch C.S., Toossi Z., Vanham G. et al. Apoptosis and T cell hy-
poresponsiveness in pulmonary tuberculosis. J Infect Dis. 1999; 
179(4): 945–953.

16.	 Isenberg D., Maddison P., Swana G. Profile of autoantibodies in the 
serum of patients with tuberculosis, klebsiella and other Gram-neg-
ative infections. ClinExpImmunol. 1987; 67: 516–523.

17.	 Krutzik S.R., Modlin R.L. The role of Toll-like receptors in combating 
mycobacteria. SeminImmunol 2004; 16: 35–41.

18.	 Lambert A.A., Kirk G.D., Astemborski J. et al. Christian Taube, 
Editor PLoS One. A Cross Sectional Analysis of the Role of the 
Antimicrobial Peptide Cathelicidin in Lung Function Impairment 
within the ALIVE Cohort. 2014; 9(4): e95099. Doi: 10.1371/journal. 
pone.0095099.

19.	 Liu P.T., Stenger S., Tang D.H., Modlin R.L. Cutting edge: vitamin 
D‑mediated human antimicrobial activity against Mycobacterium tu-
berculosis is dependent on the induction of cathelicidin. J Immunol. 
2007; 179(4): 2060–2063. Doi: 10.4049/jimmunol.179.4.2060.

20.	 Maertzdorf J., Weiner J., Mollenkopf H.J. et al. Common patterns 
and disease-related signatures in tuberculosis and sarcoidosis. 
ProcNatlAcadSci U S A 2012; 109(20): 7853–7858.

21.	 Mwandumba H.C., Russell D.G., Nyirenda M.H. et al. Mycobacte-
rium tuberculosis resides in nonacidified vacuoles in endocytically 
competent alveolar macrophages from patients with tuberculo-
sis and HIV infection. J Immunol. 2004; 172(7): 4592–4598. Doi: 
10.4049/jimmunol.172.7.4592.

22.	 Nnoaham K.E., Clarke A. Low serum vitamin D levels and tubercu-
losis: A systematic review and meta-analysis. Int J Epidemiol 2008; 
37: 113–119.

23.	 Orbach H., Zandman-Goddard G., Amital H. et al. Novel biomarkers 
in autoimmune diseases: prolactin, ferritin, vitamin-D, and TPA levels 
in autoimmune diseases. Ann N Y AcadSci. 2007; 1109: 385–400.

24.	 Penna G., Amuchastegui S., Giarratana N. et al. 1,25-Dihydroxyvi-
tamin D3 selectively modulates tolerogenic properties in myeloid but 
not plasmacytoid dendritic cells. J Immunol. 2007; 178: 145–153.

25.	 Poletaev A.B., Abrosimova A.A., Sokolov M.A. et al. Dialectics and 
Implications of Natural Neurotropic Autoantibodies in Neurological 



оригинальные статьи 19

 Российские биомедицинские исследования        том 4   № 1   2019     	 eISSN 2658-6576

Disease and Rehabilitation. ClinDevImmunol. 2004; 11(2): 151–
156, DOI 10.1080/10446670410001722221.

26.	 Ramanathan B., Davis E.G., Ross C.R., Blecha F. Cathelicidins: 
microbicidal activity, mechanisms of action, and roles in innate im-
munity. Microbes Infect. 2002; 4: 361–372.

27.	 Scherr N., Jayachandran R., Mueller Ph., Pieters J. Interference of 
Mycobacterium tuberculosis with macrophage responses. Indian J 
ExpBiol. 2009; 47: 401–406.

28.	 Schoindre Y., Benveniste O., Costedoat-Chalumeau. Vitamin D and 
autoimmunity. N Presse Med. 2013; 42(10): 1358–1363.

29.	 Shapira Y., Agmon-Levin N., Shoenfeld Y. Mycobacterium tubercu-
losis, autoimmunity, and vitamin D [review]. Clin Rev Allergy Immu-
nol 2010; 38(2–3): 169–177. Doi: 10.1007/s12016-009-8150-1.

30.	 Shen C.-Y., Hsieh S.-L., Yu C.–L., Wang J.-Y., Lee L.-N., Yu  C.-
J. Autoantibody prevalence in active tuberculosis: reactive or 
pathognomonic? BMJ Open. 2013; 3: e002665. Doi:10.1136/bmjop-
en‑2013–002665.

31.	 Shoenfeld Y., Isenberg D.A. Natural Autoantibodies: Their Physi-
ological Role and Regulatory Significance. Boca Raton, FL: CRC 
Press.1993: 355.

32.	 Shoenfeld Y., Wilner Y., Coates A.R., Rauch J., Lavie G., Pinkhas J. 
Infection and autoimmunity: Monoclonal anti-tuberculosis antibod-

ies react with DNA and monoclonal anti-DNA autoantibodies bind 
to mycobacterial derived glycolipids. ClinExpImmunol 1986; 66: 
255–61.

33.	 Sia J.K., Georgieva M., Rengarajan J. Innate Immune De-
fenses in Human Tuberculosis: An Overview of the Inter-
actions between Mycobacterium tuberculosis and Innate 
Immune Cells. J Immunol Res. 2015; 2015: 747543. Doi: 
10.1155/2015/747543.

34.	 Souberbielle J.C., Body J.J., Lappe J.M. Vitamin D and mus-
culoskeletal health, cardiovascular disease, autoimmunity and 
cancer. Autoimmun Rev. 2010; 9(11): 709–715. Doi: 10.1016/j.au-
trev.2010.06.009. 

35.	 Waldner H., Collins M., Kuchroo V. Activation of antigen-presenting 
cells by microbial products breaks self-tolerance and induces auto-
immune disease. J Clin Invest. 2004; 113: 990–997.

36.	 Yamshchikov A.V., Kurbatova E.V., Kumari M. et al. Vitamin D sta-
tus and antimicrobial peptide cathelicidin (LL‑37) concentrationsin-
patientswithactivepulmonarytuberculosis. Am J ClinNutr. 2010; 
92(3): 603–611.

37.	 Yuk J.M., Shin D.M., Lee H.M. et al. Vitamin D3 induces autophagy 
in human monocytes/macrophages via cathelicidin. Cell Host Mi-
crobe 2009; 6: 231–243. Doi: 10.1016/j. chom.2009.08.004.


