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ABSTRACT

Purpose of the study. To assess the effect of inclusion of lactoglobulin in complex preoperative preparation of colon cancer
patients on their tumor and resection line tissue microbiota.

Materials and methods. 40 patients with colon cancer stages lI-1ll, in whom the operation was the first stage of treatment,
during standard preoperative preparation, were injected with a preparation of antibodies against opportunistic intestinal
microorganisms obtained from colostrum of immunized cows, 2 g twice a day orally before surgery for 3 days (total dose of
12 g) (main group); 40 patients received standard antibiotic prophylaxis (control group). The quantitative composition of the
microbiota was determined in the samples of the removed tumor and tissue of the resection line.

Results. The total microbial contamination of the tumor was 9.2 times lower in the main group relative to the control group;
the frequency of E.coli and Clostridiae excretion was also statistically significantly lower (p = 0.004 and 0.03, respectively).
In the tumors of patients of the main group out of twelve studied representatives of microorganisms, the number of six was
statistically significantly lower than in control group, and three of those found in the control group were not detected. Since
they were potentially pathogenic (Pseudomonas aeruginosa, Staphylococcus aureus, fungi of the Candida spp.), the microbial
composition of the tumor of patients in the main group can be considered more favorable than the control group. Similar
differences were noted in non-t umor intestinal tissue, in which the content of Enterobacter spp, Streptococcus, Clostridiae,
Peptostreptococci was statistically significantly lower than in the control group.

Conclusion. Thus oral administration of colostrum antibodies caused positive changes in tumor and colon tissue microbiota.
We suggest the application of lactoglobulin to be useful for surgical treatment of such patients taking into account the possible
impact of microbiota in patients’ response to chemo- and immunotherapy.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

MUKPOBMOLIEHO3 TKAHU AZIEHOKAPLIMHOMbI 050104HON KMLIKK B 3ABUCUMOCTH
OT BAPYAHTA TPE/IOMEPALIMOHHOW NOATOTOBKM BONBHbIX

H. U. CumoHeHKo?, E. 10. 3naTHuk™, H. U. Manoga’, 0. I Lynbruxa’, A. I0. MakcumoB'

1. HMUL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuitickas ®Gegepauus
2. OHkogucnaHcep, r. WaxTbl, Poccuiickas Gepepauyus
X elena-zlatnik@mail.ru

PE3IOME

Lienb nuccnepoBanus. OLeHKa BINAHUA BKIKOYEHUA Npenapara S1akTornobynmnHa B KOMMIeKC npefonepaLyoHHON NOArOTOBKU
60bHbIX PAKOM 060A04YHOW KMLIKU HAa COCTaB MUKPOGUOTbI OMYXOWN U TKaHW, B3ATOM MO IMHUU pe3eKLuu.

Marepuanbi u MeTogbl. 40 6011bHbIM pakoM 060404HOM KUwKkK |-l cTagui, y KoTopbix onepauusi 6bina nepBbiM 3Tanom
neyeHus, B Kypce CTaHAapTHOW NpefonepaLyoHHO NOArOTOBKN BBOAUN NpenapaT aHTUTeN NPOTMB YCOBHO-MATOreHHbIX
MUKPOOPraHM3MOB KULLIEYHMKA, MOYYeHHbIN N3 MO1031MBa UMMYHN3UPOBaHHbIX KOPOB, N0 2 I 2 pasa B ileHb NepopanbHO
nepea onepauuer B TedeHue 3-x fHei (cyMMapHas fo3a 12 r) (ocHoBHas rpynna); 40 60/bHbIX NofyYanu CTaHLAPTHYHO
aHTM6MOTUKONPODUNAKTUKY (KOHTPOJIbHAsA rpynna). B o6pa3uax yaaneHHOW Onyxov U TKaHW IMHUK Pe3eKLumn onpeaensiim
KOJINYECTBEHHbI COCTaB MUKPOBUOTbI.

Pe3synbrarbl. Y 601bHbIX OCHOBHOM rpynnbl 06Lias MUKPO6Hasi 06CeMeHEHHOCTb OMyXonu 6bi1a B 9,2 pasa HUKe KOHTPOSIb-
HoWi; YacToTa BblaeneHus E.coli u Clostridiae 6bina Takxe cTaTucTUYecKM 3HauMmMo Hixke (p = 0,004 1 0,03 COOTBETCTBEHHO).
B onyxonsx 60/1bHbIX OCHOBHOW rpynnbl U3 ABEHaALaT UCCNEeA0BaHHbIX NPeACTaBUTENEH MUKPOOPraHU3MOB KONUYECTBO
LIeCTM 6bISI0 CTAaTUCTUYECKM 3HAYMMO HUXKE KOHTPOJIS, @ TPU U3 OGHAPYXKEHHbIX B KOHTPO/bHOI rpynmne He BbIABASIUCD.
MOCKONbKY OHM OTHOCUJIUCb K MOTEHUManbHO natoreHHbiM (Pseudomonas aeruginosa, Staphylococcus aureus, rpuébl
poaa Candida), MUKPOGHbI COCTaB OMyXosu 60SIbHbIX OCHOBHOW FPYNMbl MOXHO CYMTaTb 60nee 61aronpuaTHbIM, Yem
KOHTPONbHOW. [of06HbIe pasnnuna oTMeYeHbl M B HEONYXONIEBOM TKAHW KULLKK, B KOTOPOI coaepxaHune Enterobacter spp,
Streptcocci, Clostridiae, Peptostreptococci 661710 cTaTUCTUYECKM 3HAYMMO HUXKE, YEM B KOHTPONE.

3aksoueHue. tak, nepopanbHoe NpUMEHEHWE aHTUTENIbHOTO MpenapaTa IakTorno6ynHa Bbi3blBaeT NONOXUTENbHbIE
N3MEHEHMNSI MUKPOBMOTbI OMYXOJIM U HEOMYXOIEBOM TKaHW KULLKWN. YUNTbIBasi BO3MOXHOE BINSIHWE COCTaBa MUKPOGUOTbI
Ha OTBeT 60NbHOro Ha AasibHeNLLY XUMUO- U UMMYHOTEPANuIO, CYUTAEM LieNecoobpasHbIM UCMONb30BaHWe npenapara
ANA NOArOTOBKM K afblOBAHTHOMY NIeYEHUIO.

KntouyeBble cnoBa: pak 060p,0LIHOﬁ KULLKW, MVIKp06I/IOTa onyxonau un MHTaKTHOM TKaHWU KULLIEYHMKa, l'laKTOF!'IO6y]'IMH

[Ons umtupoBanus: CumoneHko H. U., 3natHuk E. 10., Manosa H. U., Wynbruxa 0. I, Makcumos A. 0. MukpobuoLeHo3 TKaHu afjeHOKapLMHOMBbI
060J,04HOI KUMKW B 3aBUCMMOCTU OT BapuaHTa NpeonepaLMoHHoi NoaroToBkM 60/bHbIX. KXHO-Poccuiickuii oHkonoruyeckuin xxypHan. 2023;
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INTRODUCTION

In recent years, the attention of researchers around
the world has been attracted to the definition of the
role of microbiota involved in oncological processes.
More and more scientific arguments are accumulat-
ing that the imbalance of the intestinal microbiota
contributes to carcinogenesis and tumor growth;
primarily this applies to colorectal cancer [1-3]. The
effect of the microbiota composition on the sensitivi-
ty of colorectal cancer to the action of a new genera-
tion of antitumor immunopreparations — checkpoint
inhibitors [4], as well as cytostatics [5; 6].

In this regard, microbiota correction in cancer pa-
tients is the current agenda [7]. With the development
of a tumor in the colon, excessive growth of opportu-
nistic bacteria is detected, the accumulating metab-
olites of which can cause the suppression of normal
microflora, which is accompanied by a change in the
trophic, protective, metabolic and immunological
functions of autochthonous microorganisms of the
large intestine [8]. As a result, there is an increase
in the biochemical activity of microflora, a change in
pH, which creates a favorable environment for the
reproduction of opportunistic bacterial species, in-
creased putrefactive processes and inflammation in
the colon, i.e., a vicious circle arises. The formation
of dysbiosis leads to a decrease in the immune reac-
tivity of the body and contributes to the progression
of the tumor process [9; 10]. Even though many pa-
pers have been published describing the composition
of the microbiota of the colon in various pathologies,
including oncological, there are significantly fewer
publications on the study of the microbiota of the
tumor itself [11; 12].

Modern standard therapeutic technologies for the
preparation of patients with colon cancer do not aim
to eliminate microecological disorders. On the con-
trary, due to the appointment of a preventive course
of antibiotic therapy, they can contribute to the aggra-
vation of dysbiosis. Meanwhile, the presence of an
increased number of opportunistic microorganisms
in the colon of patients is an unfavorable background
for the postoperative course of the disease. This dis-
advantage can be leveled by prescribing probiotics
in the preoperative period [13].

Lactoglobulin, not being a probiotic in the strict
sense, is intended for the correction of the microbi-
ota. It has such an effect due to the presence in its

BapuaHTa npefonepaLuoHHOI NOAroTOBKMU 60/bHbIX

composition of colostrum antibodies to conditionally
pathogenic microorganisms (Proteus vulgaris, Pro-
teus mirabilis, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Salmonella thyphimurium, Salmonella
enteritidis, Salmonella dublin), as well as lactoferrin,
bifidogenic factors, as a result of which it contributes
to the suppression of conditionally pathogenic and
stimulation symbiont microorganisms [14].
Purpose of the study was to evaluate the effect
of the inclusion of lactoglobulin in the complex of
preoperative preparation of patients with colon can-
cer on the composition of the tumor microbiota and
mucosal tissue taken along the resection line.

MATERIALS AND METHODS

The subject for the study were samples of a tu-
mor and tissue taken by resection during surgery for
colon cancer in 80 patients who were treated at the
National Medical Research Centre for Oncology. All
patients signed an informed consent to participate
in the study. The age of the patients ranged from 40
to 80 years, the average age corresponded to 65.6
+ 4.5 years, among them there were 32 men and 48
women (40 and 60 %, respectively). All were diag-
nosed with stage II-Ill colon cancer, the operation
was the first stage of treatment. In all cases, the
histological structure of the tumor was adenocarci-
noma. 40 patients were included in the main and 40
in the control group; the groups were comparable
in gender, age, and stage of the disease. The con-
trol group of patients underwent standard preoper-
ative preparation, including antibiotic prophylaxis
of postoperative complications (ceftriaxone 1 g 2
times a day, metrogil 500 mg 2 times a day); the main
group of patients, in addition, received 12 g of lacto-
globulin before surgery for 3 days (2 g 2 times a day
orally). All 80 patients underwent standard antibiotic
therapy in the postoperative period. In the future, all
patients received adjuvant chemotherapy according
to the FOLFOX scheme. During the operation, a frag-
ment from the tumor tissue and mucosa from the
intact intestine taken along the resection line were
excised in patients for microbiological examination,
microbiocenosis in the tissues was studied and its
comparative analysis was carried out between two
groups of patients.

Microbiological methods of quantitative analysis
for dysbiosis were used to assess the composition
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of the microbiota (OST 91500.11.0004-2003). The
tissue suspension was washed from the lumen mi-
croflora, dissected and its internal parts were used
for further research. Sample preparation was carried
out on a Medimachine device. Serial dilutions were
prepared from the obtained suspension of biological
material, which were seeded with 0.1 ml per petri
dish with differential diagnostic media. Chromogenic
Uriselect agar (Bio-Rad, France), blood agar (Colum-
bia blood agar base with the addition of 5 % defibri-
nated horse blood, yolk-salt agar (salt agar with man-
nitol/Mannitol Salt Agar, with the addition of egg yolk
emulsion/Egg Yolk Emulsion), medium were used for
sowing Saburo (Saburo Agar with glucose and chlor-
amphenicol/ Sabouraud Chloramphenicol), as well as
a medium for the isolation of lactobacilli lactobacilli,
Wilson-Blair agar for clostridium; all media, except
chromogenic Uriselectagar, were manufactured by
HiMedia Laboratories Pvt. Limited (India). Incubation
in a thermostat at 37 °C was carried out for aerobic
microflora for 24—48 hours, for anaerobic under an-
aerostat conditions for 6—7 days, except for clostrid-
ium, which were grown for 24 hours. Next, the grown
colonies were counted, if necessary, screening was
carried out to isolate a pure culture and subsequent
identification of microorganisms, which was carried
out on an automatic bacteriological analyzer Vitek 2
(BioMerieux, France).

Microorganisms related to opportunistic patho-
gens were identified to the following strains: E.soli, S.
aureus, P. aeruginosa, K. pneumoniae, Enterobacter,

Proteus. The results were expressed in Ig/g of tissue,
and the total microbial contamination was expressed
in colony-forming units (CFU/g of tissue).
Statistica 12 (Stat Soft, USA) and MedCalc 19.3.0
(MedCalc Software bv, USA) programs were used
for statistical processing of the results. The estima-
tion of the distribution of values and the normality
of the distribution were analyzed according to the
Shapiro-Wilk criterion (Statistica 12 frequency anal-
ysis module). When calculating variational statistics,
the Statistica 12 descriptive statistics module was
used with the calculation of the average value (M), its
error (m), median (Me) and interquartile range [Q25;
Q75]. In the presence of a normal distribution of in-
dicators, the Student-Fisher criterion was used to
assess the statistical significance of differences, in
the absence of a normal distribution, the Mann—Whit-
ney criterion was used. When comparing the average
values of independent samples, the criterion for the
significance of differences was the value p < 0.05.

STUDY RESULTS AND DISCUSSION

Several quantitative and qualitative differences
were observed after preoperative preparation with
and without the inclusion of lactoglobulin in the
studied tissues of patients of the main and control
groups. Representatives of the microflora of the gas-
trointestinal tract were found in the tumor tissue
of patients of both groups, however, the degree of
microbial contamination differed. Thus, in the tumor

Control group

Main group

0 20000 40000

60000 80000 100000 120000

CFU/g

Fig. 1. Microbial contamination of colonic tumor tissue (CFU/g) in the main and control groups.

26



l0xHo-Poccuitckuii oHkonoruyeckuii xypHan. 2023. T. 4, N2 4. C. 23-31

CumoHeHko H. 1., 3naTtHuk E. 10.%, MaHosa H. U., Lynbruxa O. I, MakcumoB A. 10. / MUKpo6MOLIEHO3 TKaHN afieHOKapLMHOMbl 060J04HOI KUWKKM B 3aBUCUMOCTY OT

tissue in patients of the main group, it varied from
10%to 10° (M £ m 1.2 £ 0.3 x 10%/g), and in the control
group —in the range of 10*t0 10’ (M +m 1.1 £+ 0.2 x
10%/9), that is, it was 9.2 times higher (Fig. 1).

The contamination of the mucosa of the intact
intestine did not exceed 103 and mainly ranged from
10'-102

The frequency of isolation of individual micro-
organisms in the samples of the studied tissues is
reflected in Table 1, which presents a comparative
characteristic of tumors of patients of both groups,
as well as tumors and intact intestine in each of
them.

In the tumor tissue of patients of both groups,
E.coli aerobes were most often found, and Bacte-
roides spp and Clostridiae anaerobes. Statistically
significant differences between the groups were
noted only in the content of E.coli and Clostridiae in
the tumor, which were less frequently represented
in the tumor tissue of patients of the main group.

BapuaHTa npegonepaLmoHHOIi NOATOTOBKN 60/bHbIX

The frequency of detection of the remaining studied
representatives of the microbiota was also lower
in the main group, although these differences were
not statistically significant. Of the 12 identified mi-
croorganisms, 9 were found in the tumors of the
patients of the main group, 6 in the tissue of the
intact intestine.

In the colon mucosa taken by resection in patients
of the main group, bacteroids were detected in al-
most half of the observations (47.5 %), in 10 % —
E.coli, in a small percentage of observations - Clos-
tridiae, Peptostreptococci, Klebsiella pneumoniae,
Proteus spp. In the main group, Bacteroides spp.
were statistically significantly more often detected
in the tumor tissue compared to the intact intestine,
whereas E.coli and Clostridiae were statistically sig-
nificantly more often detected in the tumors of pa-
tients in the control group, in addition to bacteroids.

In the control group, the spectrum of microorgan-
isms in the tumor tissue was wider than in the intact

Table 1. Frequency of detection of microorganisms obtained from tumor tissues and mucosa of the intact intestine in patients

of the main and control groups

Tissue samples

Main group Control group

Indicator

MU L intlgé?i(r:ltes . s-raur:]r?lcre intlggficntes .

abs. % abs % abs % abs %
E.coli 6 15 4 10 >0.05 19 47.5 7 17.5 0.04*
Klebsiella pneumoniae 4 10 2 5 >0.05 8 20 3 7.5 >0.05
Proteus spp. 3 7.5 2 5 >0.05 6 15 3 7.5 >0.05
Enterobacter spp. 2 5 0 0 - 5 12.5 2 5.0 >0.05
Streptcocci 2 5 0 0 - 5 12.5 2 5.0 >0.05
Bacteroides spp 33 82.5 19 47.5 0.002* 36 90 15 37.5 0.03*
Clostridiae 8 20 3 7.5 >0.05 18 45 8 20.0 0.04*
Peptostreptococci 3 7.5 2 5 >0.05 7 17.5 2 5.0 >0.05
Peptococci 1 2.5 0 0 - 2 5 1 2.5 >0.05
Pseudomonas aeruginosa 0 0 0 0 - 3 7.5 0 0 -
Staphylococcus aureus 0 0 0 0 - 3 7.5 0 0 -
Candida spp. fungi 0 0 0 0 - 1 2.5 0 0 -

Note: * — statistically significant differences between the parameters of the tumor tissue and the resection line in each of the compared groups
(p < 0.05); “-" = p cannot be determined due to the actual absence of representatives of the microbiota in the tissue samples
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intestine: 12 pathogens were identified in the tumor
tissue, and 9 in the intact intestine (Table 1). The fre-
quency of detection of microorganisms in the tumor
tissue was statistically significantly higher compared
with the intact intestine for E.coli, Bacteroides spp.,

Clostridiae. Noteworthy is the presence of Pseu-
domonas aeruginosa, Staphylococcus aureus and
Candida fungi in the tumor tissue and the absence
of their intact intestinal mucosa, which did not allow
us to assess the reliability of the differences. In the

Table 2. The content of microorganisms in the tumor tissue and mucosa of the intact intestine in patients of the main and

control groups (IgCFU/g, M £ m)

Tissue samples

inetesier Main group Control group
Tumor tissue Intact intestine Iil;?uc: Intact intestine 183 284
1 2 3 4
E.coli 3.5+0.3* 23+0.2 6.3+0.7 2.4+0.02 0.015 >0.05
p =0.027 p <0.001
Klebsiella pneumoniae 1.7+0.2* 0.7+£0.08 46+0.5 0.5+0.02 0.002 >0.05
p=0.023 p < 0.001 >0.05 >0.05
Proteus spp. 3.1+04 22+03 45+0.8 2.0+ 0.07 >0.05 >0.05
p =0.046 p=0.004
Enterobacter spp. 1.3+0.1* 0.9 £ 0.05** 27+04 1.3+0.02 0.03 0.04
p=0.048 p =0.005
Streptcocci 0.6 +0.1* 0.3 + 0.09** 26+0.3 0.7+ 0.03 0.008 0.035
p =0.067 p <0.001
Bacteroides spp. 42+0.7 2.5+0.1 52+04 24+0.2 >0.05 >0.05
p=0.02 p <0.001
Clostridiae 29+0.3* 1.5+ 0.06** 55%0.5 2.0+0.1 0.04 0.045
p=0.01 p<0.001
Peptostreptococci 0.3+0.07* 0.2 + 0.03** 1703 0.5+0.08 0.009 0.04
p=0.26 p<0.01
Peptococci 1.0 0.1 £0.02 1.5+0.2 1.0 - -
p=0.57
Pseudomonas aeruginosa 0 0 0.4 +£0.03 0.1+0.03 - -
p<0.01
Staphylococcus aureus 0 0 1.1+0.02 0.2 +0.001 - -
p <0.001
Candida spp. fungi 0 0 2.5+0.2 0.5+ 0.01 - -
p <0.001

Note: * — statistically significant differences between the parameters of the tumor tissue; ** - statistically significant differences between the
parameters of the intact intestine tissue (p < 0.05); “-" — p cannot be determined due to the actual absence of representatives of the microbiota in

the samples of the main group of patients
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intact intestine, Bacteroides spp. (37.5 %), Clostrid-
iae (20 %), E.coli (17.5 %) were more common than
others, and in isolated cases, coccoid microflora
(Peptococci — 2.5 %, Peptostreptococci — 5 %, Strept-
cocci— 5 %) (Table 1).

Quantitative indicators of the content of various
microorganisms in the studied tissue samples of
patients of the main and control groups are shown
in Table 2.

As seen from Table 2, in the tumor tissue, the
guantitative content of almost all the studied mi-
croorganisms in patients of the main group was
statistically significantly lower (p < 0.05) than in the
control group (Fig.3). Similar contamination of tumor
tissue in the main and control groups was noted only
for bacteroids.

Worth noting, that after preoperative use of lac-
toglobulin from the tumor tissue of patients, it was
not possible to isolate such representatives of op-
portunistic microflora as Enterococcus faecalis,
Pseudomonas aeruginosa, Staphylococcus aureus,
Candida fungi, and the number of other species, in
particular, coccoid microflora, was significantly lower
compared to the control group (Peptococci 1.5 times,
Peptostreptococci by 82 %, Streptcocci by 77 %) (Ta-
bles 1, 2, Fig. 2).
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In patients of the control group, the microflora
contamination of tumor tissue was significantly high-
er compared to the mucosa of the intact intestine for
all pathogens. The main differences were formed for
Klebsiella rheimopiae (9.2 times higher compared
to the intact intestine), Pseudomonas aeruginosa
(4 times), Candida spp. fungi (5 times) (Table 2).

Figure 2 shows the excess of the titer of microor-
ganisms (in %) in the tumor tissue compared with the
intact intestine along the resection line in patients
of the main and control groups. In patients of the
control group, these differences were significantly
higher compared to the main group; they were mainly
characteristic of Klebsiella rheimopiae, Streptcocci,
Peptococci (Fig. 2).

CONCLUSIONS

Preoperative administration of lactoglobulin prepa-
ration against conditionally pathogenic microorgan-
isms contributes to the formation of a more favor-
able microbial landscape of the tumor and tissue
taken along the resection line in patients with colon
cancer, which manifests itself in a decrease in the
total microbial contamination of the studied tissue
samples, as well as in a decrease in the frequency
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Fig. 2. Comparative characteristics of the content of microorganisms in the tumor tissue in patients of the main and control groups

(% in the tumor tissue compared with the tissue of the intact intestine).

Note: 1 — E.coli, 2 - Klebsiella pneumoniae, 3 — Enterobacter spp., 4 — Streptcocci, 5 — Bacteroides spp., 6 — Clostridiae,

7 — Peptostreptococci, 8 — Peptococci, 9 — Proteus spp.
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of detection and the number of several conditionally
pathogenic microorganisms. We found a high number
of studied microbiota representatives in the tumor
tissue of patients, which corresponds to the literature
data on their potentially pro-oncogenic effect, which
is described in Klebsiella pneumonia [15], strepto-
cocci [16], peptostreptococci [17], clostridium [18;
19]. Since among the mechanisms of the growth-
stimulating effect of these microorganisms, attention

is paid to the production of toxins, the maintenance of
local inflammation, and the imbalance of the immune
microenvironment, it seems important to correct the
microbiota with the help of an immune drug, which
especially applies to the tissue of the resection line,
since it remains in the patient's body after surgery,
and the composition of its microbiota can contribute
not only to postoperative tissue regeneration, but also
affect the further course of the disease.
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